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Abstract

This study concentrates on the dynamic interplay of affect and cognition in school
mathematics learning. The aim of the study is to produce a systematic analysis and rich
theoretical description of the functioning of affect and cognition in socio-culturally and
contextually conditioned mathematics learning situations. The analysis and dynamic
description are presented in close connection with the obtained research results of
mathematics education and affect. The included meta-analysis or theoretical synthesis of
previous research results is developed with respect to important recent conceptualizations
of metacognition, self-regulation, and self-systems and to learning models applied in the
scientific field of general educational psychology or within the psychological research of
mathematics education. Various conceptualizations and models of affect, learning, and
self-regulation are integrated in the study into a unified understanding of personal learning
processes with affect and mathematics.

The basic idea of the study consists of an emphasis laid on dynamic theoretical analyses
and illustrations dealing with affect and mathematics learning or performances in the
school context. The dynamic argument is joined with concepts such as personal learning
processes, mental processes, metalevel processes, self-regulation processes, and
especially self-system processes. Self, self-systems, self-system processes, and personal
agency act as the upper theoretical frame of reference for illustrating the important
interplay of affect and cognition in personal mathematics learning processes. More
specifically, arousal and experiences of highly influential affective responses are analyzed
in regard to pupils' mathematical self-systems and interpretative or self-evaluative
processes in social mathematics learning situations and contexts.

Affective arousal and states are further connected with various aspects of pupils' mental
structures and processes, in particular with their self-beliefs and self-belief systems.
Further theoretical deepening of this personal and unique situational dynamics results in a
detailed analysis of metalevel processes, personal agency, self-regulatory reflections and
actions as the core of pupils' personal mathematics learning or self-system processes and
their affective self-experiences with mathematics. Moreover, these personal aspects or
self-system processes are considered as the core of the dynamics of affect and cognition in
mathematics learning processes in a social environment. Essential qualitative distinctions
in mathematics learning and affective experiences are made due to the high or low
experienced personal agency, efficiency, and confidence with mathematics.
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self-systems, self-perceptions, self-affects, personal dynamics, 
metacognition, self-regulation, motivation, social learning environment, 
socio-cultural beliefs                     



ACKNOWLEDGEMENTS

At the point when one must face the fact that a long period of dedication to a project or
task is reaching its conclusion, one's thoughts begin to seek the reasons and factors that
have been keeping up the interest and effort throughout the project, despite possible
obstacles. The first and primary thing is the strong personal appeal of the subject itself.
When you have found an interesting and irresistible research theme that you are willing to
study thoroughly, even though the task might seem too big, or to some nearly
impossible, nothing can make you abandon your vision. The creative moments when you
find yourself fully engaged in and fascinated by some important ideas, their obviousness
and beauty will never be forgotten. You and the subject will then progress and grow
together.

Following the completion of my Master's degree from the Faculty of Science at the
University of Helsinki, I became involved in some of the themes of this research at the
Department of Education. This interest developed and  deepened during my post-graduate
studies in education under the guidance of Emeritus Professor Erkki Niskanen, Head of
Department, and through the studies performed in connection with various research
projects directed by Professor Erkki Pehkonen. These experimental studies, in addition
to the acquired knowledge, greatly supported the ideas and structure of this theoretical
research. The ultimate form of the study grew into a large theoretical thesis dealing with
aspects simultaneously situated within different scientific traditions.

For the continued support that l have received throughout the years that I have been
engaged in education studies and research, I wish to express my sincere gratitude to
Professor Kari E. Nurmi. The numerous profound discussions with him and his
respectful guidance concerning my educational research and career have been of immense
value. He has given me valuable comments and suggestions regarding the manuscript. I
am also very much obliged to Professor Douglas B. McLeod for his interest in my
research and for acting as my opponent. His research and articles on affect and
mathematics education deserve the greatest credit for inspiring me to become deeply
involved in the subject. Warm thanks are also due to Professor Hannele Niemi for her
encouraging support, discussions, and guidance. I am also grateful to Emeritus
Professor Paavo Malinen and Emeritus Professor Jarkko Leino for reading the
manuscript and for their valuable comments. Special gratitude must be extended to
Jeannie Andersen for her proficient language editing of the completed manuscript.
Financial support for the thesis was granted by the Emil Aaltonen Foundation, by the
University of Helsinki, and by the Academy of Finland, for which I express my sincere
gratitude.

I am indebted to Docent Marja Martikainen, Head of Department, for her support and for
offering the opportunity to include this study in the publication series of the Department
of Education. Particular thanks are extended to Mr. Tuomo Aalto for helping me with the
printing matters and for kindly preparing the figures for publication. Ms. Kaisa Atosuo
deserves a special mention for her patient and kind advice on the practical issues related
to the doctoral thesis. Thanks also go to Dr. Aino Hannula and Docent Merja Ikonen-
Varila for their support and interest in my research and for the many interesting
discussions we had together. In additional, many of my friends deserve to be mentioned
here. I express my sincere gratitude to all of you jointly for your essential support and
interest in my scientific studies. Needless to say, I am deeply grateful to my closest
relatives for their endless support and interest in my work. My deepest thanks belong to
my husband, Dr. Markku  Malmivuori, for the numerous years of study and research we
have shared and for his encouragement and understanding of my scientific work. My
mother, Ms. Maria-Terttu Hassi deserves special thanks for her care and wisdom that
have guided me all through my life. And I certainly do not want to ignore our cat Billy's
collaboration during my labor. Finally, I wish to express my firm belief that positive
encouragement given at the right time, no matter how slight, may bear you up long after,
and make you capable of accomplishing practically anything.

Vantaa, April 8, 2001      
Marja-Liisa Malmivuori    



CONTENTS

1 INTRODUCTION .........................................................................1

2 LOOK AT THE AFFECTIVE DOMAIN OF PERSONALITY ...................... 5
2.1 General Trends and Perspectives with Affective Factors in 

Mathematics Learning ............................................................ . . . 6
2.2 The Role of Methods ............................................................... . 8
2.3 Characterizations Given for Affective Domain ................................. 10
2.4 Definitions Associated with Mathematics Learning .............................14

3 RESEARCH DESIGN .................................................................. 19
3.1 Arguments for the Study ...........................................................19
3.2 The Aims of the Study ............................................................. 22

3.2.1 The Chosen Research Tendencies in the Study ......................... 22
3.2.2 Research Questions of the Study ......................................... 24

3.3 Preliminary Outline of the Concepts of the Study.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
3.4 The Dynamic Frameworks for the Study ........................................ 29

3.4.1 Mathematics Learning Situations ......................................... 29
3.4.2 Related Models for Mathematics Learning ...............................31
3.4.3 The Learning Model of This Study .......................................35

4 BELIEFS AND PERCEPTIONS AS COGNITION BEHIND AFFECT AND 
ACTIVITY ................................................................................ 41  
4.1 General Characteristics of Beliefs and Belief Systems .........................43
4.2 Conceptualizations for Mathematical Beliefs .................................... 47
4.3 Pupils´ Beliefs About Mathematics, Its Learning and Teaching ...............51

4.3.1 Beliefs About the Nature of Mathematics ................................51
4.3.2 Beliefs About Mathematics Learning and Teaching .....................54

4.4 Pupils´ Self-Perceptions as Mathematics Learners ............................. 59
4.4.1 The Central Role of Self-Perceptions and Self-Phenomena in 

Learning Processes .........................................................59
4.4.2 Aspects and Functioning of Mathematical Self-Perceptions ...........65
4.4.3 Causal Attribution Model for Self-Perceptions in Mathematics ....... 72 

4.5 Concluding Remarks ...............................................................76 

5 LINKING AFFECT TO COGNITIVE STRUCTURES AND DYNAMICS .....79
5.1 Affective Responses Against Personal Systems ................................ 80
5.2 Affective Responses in Mathematics Learning Situations ..................... 84

5.2.1 The Nature of Mathematical Responses ................................. 85
5.2.2 The Role of Emotions in Mathematics Learning ........................ 87
5.2.3 Anxiety and Mathematics .................................................. 90

5.3 Interdependences Between Affect and Cognition ...............................94
5.3.1 Affective Tones as Parts of Pupils´ Mental Representations and 

Systems ......................................................................95
5.3.2 Mental Processes Behind Pupils´ Affective Responses .............. 104
5.3.3 Mental Processings Within Affective Arousals and States............112

5.4 A Real Dynamic Description with Affect, Cognition, and Self Included ...119 

6 THE SELF IN THE INTEGRATION OF AFFECTIVE-COGNITIVE 
PROCESSES WITHIN A SOCIAL MATHEMATICS LEARNING 
ENVIRONMENT .......................................................................123
6.1 The Power of Self-Perceptions Behind Affective Responses ................126

6.1.1 Pupils´ Self-Belief Systems and Affective Responses to 
Mathematics ................................................................127

6.1.2 Other Personal Features Behind Self-Appraisals and Affect .........129
6.2 Joining Mathematical Self-Perceptions with Specific Affective Arousals 

and Responses .....................................................................132
6.3 Self-Perceptions and Affective Responses in Causal Thinking ..............139



6.4 Socio-Cultural and Contextual Features in Self-Appraisals and Affect .....149
6.4.1 Interactive and Interpretative Processes Behind Affective 

Responses ..................................................................151
6.4.2 Contextual and Situational Aspects in Pupils´ Affective Arousals .. 154
6.4.3 Socio-Cultural Beliefs and Conditions for Self-Appraisals 

and Affect .................................................................. 160      
6.5 Conclusions ....................................................................... 173     

7 SELF-REGULATORY PROCESSES WITHIN THE DYNAMICS OF 
AFFECT AND COGNITION .........................................................175
7.1 A Look at Notions of Metalevel Processes .....................................176
7.2 Enhanced Elements of Metalevel Self-Directive Processes ...................184
7.3 Beliefs and Self-Regulatory Processes ......................................... 194

7.3.1 Mathematical Beliefs Related to Self-Regulatory States and 
Functioning ................................................................ 195

7.3.2 Self-Belief System and Self-Regulatory Activity ......................199     
7.3.3 The Role of Mathematics-Related Beliefs in Self-Regulatory 

Processes .................................................................. 205
7.4 Affect and Self-Regulation in Mathematics Learning Processes ............ 213

7.4.1 Affective Regulation ...................................................... 215
7.4.2 Active Self-Regulation of Affective Responses ....................... 220

7.5 Self-Regulatory Acts in Mathematics Learning Behaviors and Intentions ..225 
7.5.1 Different Aspects and Moments for Behavioral Regulation ..........227
7.5.2 Qualitative Distinctions ................................................... 233

7.6 The Dynamic Power of Self-Regulated Mathematics Learning ..............241

8 ATTACHING MOTIVATIONAL DYNAMICS TO PERSONAL AND 
ENVIRONMENTAL REGULATORY MATHEMATICS LEARNING 
PROCESSES ........................................................................... 247
8.1 General Aspects of Motivation .................................................. 247
8.2 The Dynamic Core for Self-Regulated Mathematics Learning .............. 251

8.2.1 The Significance of Self-Perceptions and Self-System Processes 
in Motivational Dynamics ................................................ 251

8.2.2 The Self-as-Agent as the Organizer of Motivational-Behavioral 
Dynamics .................................................................. 256

8.3 Self-Motivation and Personal Mathematics Learning Processes and 
Experiences ........................................................................ 261
8.3.1 The Power of Self-Confidence and Self-Efficacy Perceptions ...... 263
8.3.2 The Involved Two Self-Regulatory Lines ..............................268

8.4 Self-Motivation and Agency in Causal Thinking ..............................272
8.5 Self-Motivation and Self-Regulation in Social Mathematics Learning 

Environments ..................................................................... 281
8.5.1 The Role of Socio-Cultural Mathematical Beliefs in Motivational-

Behavioral Dynamics......................................................284
8.5.2 Other Contextual Aspects Behind Self-Regulation and 

Mathematics Learning .................................................... 290
8.6 Summary of the Personal Dynamics in Mathematics Learning .............. 294

9 CONCLUDING DISCUSSION ......................................................297

REFERENCES .............................................................................301



1 INTRODUCTION

As many other sciences, mathematics has also emerged from social needs and from
practical usages. However, at an early stage it was also associated with the intellectual
needs felt by mathematicians to connect the mathematical aspects with logical frameworks
or proof structures. Looking at mathematics means paying attention to the logic of
mathematical proofs, but also to the methods used to discover certain truths. Hence, it
includes as well focusing on the qualities and development of thought processes of
mathematicians and the language applied (Baron, 1972). Today, increased notions and
studies lean on the hypothesis that mathematics, as well as mathematics instruction,
appear and develop as social constructions and in social communication. But, there have
been times when mathematics has been generally considered as a path to absolute truths
existing outside us and waiting to be discovered. These perspectives have turned into the
understanding of mathematics as a useful and even necessary tool for dealing with and
predicting other phenomena within societies. In this, the pure mathematics of the well-
educated and of a few nationals or philosophers has grown into a central tool for several
other scientific fields. In addition, it has become a tool for the applied mathematics
needed by individuals in their daily activities. At present, mathematics seems to structure
our social reality unknowingly, making the surrounding reality highly mathematized
(c.f., Kupari, 1994). The increased complexity of everyday life is accompanied by an
enhanced significance of mathematics for all citizens, at least in well-developed countries. 

The nature of school mathematics has followed the changes in and developments of
scientific or academic mathematics. But more particularly, school mathematics relates to
the goals of school education and instruction expressed in curriculums that, in turn,
appear to derive from the present needs of society, technology, and the economy.
Traditional computational approaches have turned into more advanced mathematics and
concepts with an orientation to understanding the underlying structures of mathematics
(Resnick & Ford, 1981). Furthermore, the traditional goal of instruction as constituting
pupils´ well-structured and basic knowledge of mathematics has turned into efforts to
enable pupils to apply their knowledge to complex everyday situations e.g. through
modelling (c.f., Baron, 1972; Kupari, 1994; Opetushallitus, 1991). Christiansen et al.
(1986, p. 14) present different functions fulfilled by school mathematics: a) as a tool, a
social necessity, b) a body of knowledge to be acquired before the next stage of education
begins, c) a constituent of a general education, d) a key to advancement, and e) an
obstacle course which serves to distinguish between the “able” and the rest. These
categories clearly express the multitude of socio-cultural meanings and significances
attached to mathematics today and also reflected in teachers´, parents´, and employers´
expectations of pupils. The related expectations and appreciations, however, often pass
the idea of mathematics as possessing an inherent interest or appeal that would also
essentially build up pupils´ more general knowledge structures or understanding, even
representing a significant path to their personal growth.                          

History and the situation today show that mathematics has had a very special and
essential impact on the development of cultures. This central impact, together with the
mysteriousness attached to it, has sustained strong ideas and attitudes about mathematics
for long time. The special nature of mathematics as a discipline and as being difficult
ultimately to clarify, has been suggested as a reason for the significance traditionally
given to it within societies, as well as for the traditional appearance of negative attitudes
towards mathematics. The most quoted statement of the nature of pure mathematics,
made by Bertrand Russell (see Baron, 1972, p. 31), may well be used to illustrate this
special nature:

Mathematics may be defined as the subject in which we never know
what we are talking about, nor whether what we say is true.            

The abstractness of mathematics and the differences in the symbol systems and concepts
used in mathematics language, as compared to other scientific fields or school subjects,
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form the basis of mathematics as a special discipline (Kilmister, 1972). These aspects of
mathematics set high demands on cognitive processes and learning as well as detach
mathematics from the context and experience of normal everyday life (Fennema & Loef,
1992; Resnick & Ford, 1981). These demands are suggested as reasons for the
appearance of negative experiences with mathematics and the development of negative
views, attitudes, or affect regarding mathematics. Viewing mathematics as a difficult and
demanding subject has caused it to be highly regarded and has been generally used to
measure academic abilities. Accordingly, mathematics has had a ritual value in societies
(Christiansen et al., 1986). Another significant aspect of mathematics as a special
discipline relates to the traditional understanding of mathematics as a male domain. In
turn, this sets essential restrictions for girls´ mathematical attainments and attitudes
toward mathematics, measured in gender differences in studies of mathematics education
during several decades.   

Research results show that, unlike many other school subjects, mathematics represents a
subject towards which pupils´ attitudes are developed very early in the school learning
context. These long and cross-culturally measured attitudes relate mostly to the
importance, difficulty, and like or dislike of mathematics. Moreover, these attitudes are
found to significantly relate to or explain mathematics achievements. In addition,
mathematics attitudes have been found to change from positive to negative during the
secondary school grades and to depend on some personality features or on a socio-
cultural background. More recent research results indicate a decrease in the generally
found gender differences in mathematics achievements or skills and mathematics
attitudes, as well as a decrease in the positive connection between mathematics attitudes
and achievements. This may be due to the improved measurements, changed achievement
test, and treatment of negative attitudes toward mathematics (Friedman, 1989; Frost et
al., 1994; Kupari, 1994; Ma & Kishor, 1997). More importantly, these reseach results
have shown a decrease in the importance attached to mathematics by pupils. On the other
hand, the increased significance of mathematics in societies and the recent essential
changes taking place in overall mathematics instruction create new challenges to learning
and the use of mathematics, in which affect is playing a significant role in mathematics
instructional contexts. The effects of these affective aspects are most commonly attached
to differences in pupils´ motivation, especially in respect to mathematical attainment and
participation and the found gender differences in these.                                

With the new challenges, recent research in education has revealed that the traditional
emphasis on purely cognitive or generally applicable cognitive factors and achievements
with mathematics has been complemented by significances placed on the qualities and
functioning of socio-culturally reflected or personally meaningful constructions related to
mathematics in the school learning context. How pupils view and approach mathematics
and mathematics learning situations will determine their goals and modes of
understanding, responding, and behavior in doing and learning mathematics. Pupils
make sense of and approach the contents and contexts of mathematics in individual ways,
yet always on the basis of those personal and environmental frameworks and
understanding dominating their mathematics learning and performances in instructional
settings. These have important connections to pupils´ past experiences and their
individual mental structures, including their goals and attitudes toward mathematics, but
these derive also from the wider socio-cultural views, goals, patterns, and features
attached to school mathematics and learning situations. These socio-cultural aspects are
sustained, supported, and reflected by teachers, parents, school practices, mathematical
communities, educational communities, or by whole societies. Mathematical beliefs
represent the most common concepts attached to these kinds of influential individual or
socio-cultural views and structures in recent mathematics education research. Significant
beliefs are viewed to act behind pupils´ or teachers´ responses and behavior during
mathematics instruction or performances, as well as behind the development of pupils´
mathematical knowledge and skills.     

Much credit for the notions of mathematical beliefs can be given to mathematical
problem-solving studies, and more generally to the recent emphasis on the problem-
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solving approach to mathematics. Obvious cognitive actions have proved to be the results
of conscious or unconscious beliefs associated with the mathematical task at hand, the
involved social environment, or with problem-solvers´ perceptions of themselves
(Schoenfeld, 1983). The socio-cultural research base for mathematical beliefs has to do
with an increased interest in social constructions and cultural symbol systems acting in
mathematics learning and instructional settings. This is derived from an ethnographic
research orientation or applied anthropological conceptualizations and studies. In turn,
these beliefs have been studied more traditionally under the title of mathematics attitudes,
reflecting pupils´ or others´ personal views or responses toward mathematics. Personally
and socio-culturally held beliefs about mathematics, about mathematics learning
situations, and about the self can be viewed to represent significant interpretative
guidelines or a basis for pupils´ cognitive actions. Even more important, these beliefs
tend to give rise to, embellish, and direct their daily personal learning intentions, actions,
goals, and affective responses to mathematics, that is, the essential qualities of their
personal learning processes and experiences with mathematics. 

The overwhelming philosophical tendency or research paradigm of constructivism,
stressed in recent research in educational as well as in mathematics education studies, can
be well understood to support these perspectives. Efficient mathematics teaching or
instruction is no longer considered merely as the transmission of differentiated and
unchanged bits of mathematical knowledge from teacher to pupils nor learning as pupils´
passive adoption and repetition of that knowledge. Instead, mathematics learning is
viewed more as based on activity and on the gradual development of and active
application of personal mathematical constructions and understanding in social
interactions and discussions between teacher and pupils or between pupils within a
socially, contextually, and situationally determined classroom culture. Essential questions
in education research are: what kinds of interactions and factors support, direct, and
regulate the involved personal and socio-cultural constructive processes, and finally, how
do these interactions and factors hinder or help pupils´ learning of and doing
mathematics. Moreover, by emphasizing pupils´ individual and active constructive
processes and personalized use of knowledge in any learning situation, the constructivist
paradigm gives more room for pupils´ personal and unique affective experiences, as well
as for the significance of their personal and unique situational mathematics learning
processes and the self-regulatory activity intertwined with these. Accordingly, new
questions or research and perspectives concerning emotional components of learning
have emerged in education and in mathematics education research. In this study, we will
emphasize these personal constructive and unique aspects of affective experiences in
mathematics learning as related to the social environment. We will speak of pupils´
mathematical beliefs as well as their personal or unique situational interpretations,
affective responses, and subsequent learning or self-regulation processes with
mathematics. 

Various kinds of mathematical beliefs, attitudes, or affective responses have been
discerned in studies of mathematics education that seem to have significant effects on the
qualities of pupils´ performances, learning, and experiences with mathematics. But the
underlying mechanisms, reasons, or processes behind these effects or research results
have remained unclear and lack detailed theoretical considerations. The aim of this study
is to offer an interpretative and holistic theoretical framework for understanding these
underlying or mediating aspects and processes of affect in learning in real school
mathematics contexts and performance situations. Accordingly, we will focus on unique
mathematics learning situations within a social environment and consider pupils´ personal
constructions, states, and processes in these situations. We connect these personal
processes and constructions especially with their self-understanding regarding
mathematics, their affective responses and experiences with mathematics, as well as with
the self-regulation of their own mathematical learning and affective experiences. For this
dynamic examination of affect, cognition, and social environment, we will first consider
in detail the different aspects or concepts involved in our theoretical study and
interpretations of pupils´ personal learning processes and affective experiences with
mathematics. We will apply and further develop various conceptualizations compared to
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research results of pupils´ mathematical beliefs and affective responses. Then, we will
move forward and consider these aspects or components in relation to the qualities of
pupils´ personal mental systems or processes with affect and of their involved self-
interpretations in school mathematics learning environment and situations. Finally, we
will deepen our view of these dynamic and affective aspects of personal mathematics
learning processes by examining closely the components and qualities of pupils´ self-
regulatory activities and involved motivational dynamics in their mathematics learning. 

As the main theoretical interest and starting point of this study arises from questions
regarding the nature and role of affect in mathematics learning, we will first describe the
conceptualizations and understandings attached to the affective domain of personality in
education research in general, as well as studies in mathematics education. This will offer
a review of the perspectives generally applied in related research.
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2 A LOOK AT THE AFFECTIVE DOMAIN OF
PERSONALITY

Lack of detailed specifications for the usually-applied affective terms and concepts, of
explicit expressions, of consistency in the definitions, and of symmetry within different
conceptualizations and characterizations makes a systematic consideration of the affective
domain difficult. Often the used affective terms may overlap or describe similar affective
experiences, but from slightly different viewpoints, or may derive simply from the rich
area of affective terms or expressions in use in the English language literature. From a
scientific perspective, this difficulty is further linked to a general tendency to use
operationalized concepts or generalized expressions for affective variables, most often
turned into shorter or longer lists of affective responses or affective outcomes of learning
operating on varying theoretical levels or scopes of affect (Gebhart & Ingle, 1976; Hart,
1989a; McLeod, 1987; Silver, 1985; Wertlieb, 1987). These definitions mainly retain
rather loose or superficial descriptions of human affective characteristics. The reasons for
this inconsistency or vague definitions can be found in at least three different areas. One
relates to the low traditional interest in a detailed and serious study of affective variables,
at least in the scientific field of education (Bills, 1976; Gable, 1986; Nucci & Lee, 1992;
Oatley & Nundy, 1996). This leads to another important factor: the complicated and
diversified nature of the phenomena with human affect (e.g., Gebhart & Ingle, 1976;
Goldin, 1993; McLeod, 1992). The third reason can be traced to the diversity in the
theoretical starting-points or paradigms behind the studies on human affect, ranging from
behavioristic to psychoanalytic views, and from biological to cognitive or socio-cognitive
views of human nature and behavior. These differences, as well as difficulties, in a
comprehesive understanding of the nature and role of affect in education research are then
reflected in the variation in the methods used in studying affect, thus producing
incompatible results and understandings in the domain.1

The recent slowly increasing interest in affect in education, and now especially in the
domain of mathematics education, derives from the changes in paradigms in research in
education dealing with personal characteristics and learning. On the other hand, this
interest is related to the observations and developments made, especially within recent
cognitive or socio-cognitive psychological perspectives, which are closely applicable to
studies in education. Signs of the important role of affective responses in normal
cognitive and social cognitive behaviors have turned researchers´ attention to the topics in
information-processing studies, as well as studies on social behavior. Furthermore,
newly rediscovered and less restricted terms or theoretical constructs, such as
metacognition, consciousness, and self-regulation, have appeared both in recent
education research and in cognitive psychology which afford opportunities to consider
cognition as more closely connected to affect in these studies. In a larger sense, these are
connected with the changes of the involved research paradigms and applied
methodologies from mechanistic, biological, deterministic, generalizing, and/or analytic
perspectives towards more humanistic and holistic pictures of human actions and
characteristics. 

In this study, we will take advantage of the latest approaches and apply them to unique
personal experiences in mathematics learning situations. This will enable us to express
affective phenomena as much more closely related to the central developments with
human cognitive processing, to patterns and components of personal mathematics
learning processes, and finally to mathematics achievements. Application of these
perspectives is seen here to result in an increased understanding, clarity, and accuracy
with affective variables at the level of personal as well as social experience and
functioning. This would be accompanied by a stronger interest in and acceptance of
affective human characteristics and processes in models of learning,2 more specifically of

5

1 E.g., quantitative methods in measuring social attitudes vs. projective or associative techniques in
dealing with transitory affective experiences in psychoanalytic approaches.
2 C.f., Oatley & Nundy, 1996.



mathematics learning and problem solving. 

2.1 General Trends and Perspectives with Affective Factors in
Mathematics Learning

Studies of affect in mathematics education have traditionally concentrated on the affective
responses of pupils or students rather than of teachers (McLeod, 1994). In these studies,
affective factors have been considered as minor components in explaining mathematics
achievements or performances and the differences in these between males and females,
between low and high ability pupils, or between pupils with a low or high socio-
economic status or with dissimilar ethnic backgrounds (Aiken, 1970; Fennema & Hart,
1994; Frost et al., 1994; Leder, 1993; Ma & Kishor, 1997; McLeod, 1994; Reyes,
1984). Even now these background variables or differences have a significant role in
studying pupils´ affective characteristics in mathematics learning.3 But today, affect has
become a focus in itself, instead of acting as a less significant personal mediator of
mathematical outcomes. This change of perspective is reflected in recent mathematics
education studies of and emphasis on affective variables (c.f., De Bellis & Goldin, 1997;
Goldin, 1992; McLeod, 1994; McLeod & Adams, 1989). When speaking about affect in
mathematics learning, we clearly arrive at pupils´ mathematical attitudes.4 Even though
some attention has been given to such specific pupils´ affective responses as mathematics
anxiety since the 1970s, attitudes have dominated the research on affect in mathematics
education.5

Traditional measurements of pupils´ general attitude toward mathematics and its learning,
called attitude toward mathematics, represented the basic view for dealing with affective
aspects in mathematics education.6 Understanding of this attitude as pupils´ general
emotionally toned disposition toward the school subject of mathematics (Haladyna et al.,
1983) or as a learned predisposition, or tendency to respond positively or negatively to
mathematics (Aiken, 1970), reflected the inconsistency found both in the theoretical
backgrounds of these studies and in the scales designed to measure affect in mathematics
learning (Fennema, 1989; Haladyna et al., 1983; Hart, 1989b; Kulm, 1980; Leder, 1987;
McLeod, 1994). Along with the more accurate conceptualizations and measurements
being developed in the field, it became more appropriate to speak of various mathematical
attitudes, rather than a unidimensional affective variable. These supposedly detached
attitudes differed conceptually from each other and also seemed to have separate impacts
on mathematics learning or performance outcomes (Fennema & Sherman, 1976; Leder,
1987; 1993). Studies on mathematics attitudes still continue, but with more detailed
measurements and more accurate or consistent research results. 

The new approach to and interest in affect in mathematics education research derives
from the recent mathematical problem solving research and from the general emphasis on
constructivist viewpoints applied within. Mathematical problem solving is related to such
things as verbal tasks or puzzles, thinking skills, modelling, unusual, non-routine or
open problems, and pure or applied mathematical problems, with inclusion of the whole
process of seeking a solution to a mathematical problem. All these aspects refer to
challenging mathematical situations set for pupils, in which no procedure or strategy is
readily applicable for getting a solution but still attainable for pupils (Haapasalo, 1985;
Keranto, 1985; Kupari, 1994; Pehkonen & Zimmerman, 1990; Schoenfeld, 1985a).
Unlike traditional and routine mathematical tasks or computation, mathematical problem
solving is more related to creation and invention basically occurring before pure
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mathematics or mathematical proofs (Baron, 1972). The starting points for mathematical
problem-solving studies can be traced back to the research accomplished within cognitive
science and to the ideas of problem-solving instruction presented by Pólya in 1945.
Accordingly, problem-solving is divided into four stages: understanding the problem,
devising a plan for finding the solution, carrying out the plan, and looking back to verify
the procedure and check the result (see, e.g., Resnick & Ford, 1981, p. 149). These
aspects are then applied to mathematics problem-solving with mathematical contents and
applications, as well as developed further since the beginning of the 1980s in
mathematics education research and mathematics instruction (Haapasalo, 1985; Kupari,
1994; Lehtinen, 1984; Leino, 1984; Lester, 1980; Mason et al., 1982; Pehkonen, 1985;
1992; Schoenfeld, 1985a; Silver, 1985).  

Both the perspectives, aims, and methods with affect used in these studies differ from
those based on the traditional mathematics attitude studies performed in relation to
mathematics achievements (Fennema, 1989; Hart, 1989a; McLeod, 1987; McLeod &
Adams, 1989). More importantly, the focus in these studies is directed towards unique
mathematics learning situations, composed of an individual pupil and his or her personal
constructions, cognitive processes, and situationally bound affective responses in doing
mathematics or solving mathematical problems, all taking place within the given
environmental and contextual determinants of mathematics learning situations.7

Perceptions obtained from mathematical problem-solving studies have produced research
questions importantly pointing to pupils´ metacognition and beliefs about mathematics or
such motivational aspects as their willingness, perseverance, and confidence in doing
mathematics (Garofalo & Lester, 1985; Lester, 1980; Lester et al., 1989; McLeod, 1988;
Schoenfeld, 1985b; 1987; Silver, 1985; 1987; Silver & Thompson, 1984). All these
constructs8 intended to cover more than the traditional cognitive domain of personality,
and were found to apply especially to pupils´ performances and experiences with unusual
or non-routine mathematical problem solving situations, in which possessed knowledge
of algorithms, facts, and procedures do not guarantee success (Garofalo, 1989; McLeod,
1988; Schoendeld, 1985a; Silver, 1985). One group of related problems is represented
by open-ended mathematical problems. Unlike ordinary well-defined, complete, or
closed problems, these consist of ill-defined departures or end-states to be stated by
problem solvers themselves, usually including several possible approaches and multiple
correct answers (Becker & Shimada, 1997; Pehkonen, 1997). The performance context
in these cases is very different from the events represented traditionally in the school
mathematics learning context.9

Rtaher than speaking about mathematics attitudes, recent studies try more and more to
bring their forms of approach and affective concepts in line with those in use within
mathematical problem-solving research (c.f., Fennema, 1989; Goldin, 1992; Leder,
1993; McLeod, 1987; 1988; 1990; 1992). Moreover, the number of studies on pupils´
mathematical beliefs and other affectively laden aspects influencing their performances in
high level cognitive tasks is increasing within mathematics education research. This
increase can be linked to the more general increase in attention toward the affective
domain of personality, which appears in research in cognitive psychologicy and in the
education research domain. Within this research, affect has been seen as an essential
aspect of cognitive processes or as a feature to interact with cognitive actions in important
ways, even to dominate and direct one´s cognitive resources, actions, processes as well
as the development of aptitudes in learning.10 These new emphases placed on affect have
also strengthened the demands for more exact and unambigious definitions and
conceptualizations with affective variables in mathematics education research, as well as
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7 C.f., DeBellis & Goldin, 1996; Lester et al., 1989; Mandler, 1989; McDonald, 1989; McLeod, 1988;
1994; Schoenfeld, 1985a.
8 Also strongly socio-culturally bound (D´Andrade, 1981; Lambert, 1990; Schoenfeld, 1992) constructs.
9 Becker & Shimada, 1997; McDonald, 1989; McLeod, 1985; 1989b; Schoenfeld, 1983; 1985a.
10 Bearison & Zimiles, 1986; Clark & Fiske, 1982; Mandler, 1984; McLeod, 1988; 1990; Oatley, 1992;
Simon, 1982; Snow & Farr, 1987; Tennyson, 1992; Weinert & Kluwe, 1987.



for linking these affective characteristics or qualities more closely to cognitive, social,
and contextual aspects of mathematics learning or performing (Fennema, 1989; Goldin,
1988; 1992; Hart, 1989b; Helmke, 1989; Lester et al., 1989; McLeod, 1992; 1994;
Silver, 1985). 

One of the main aims of this study is to clarify the role and functioning of affect within
pupils´ personal mathematics learning or problem-solving processes and involved self-
regulatory activity within a social learning environment. In a more general sense, in this
study we will link affect closer to cognition as well as to socio-cultural and contextual
aspects of mathematics learning. More specifically, we will try to answer the calls for a
more detailed and thorough description of affect and mathematics presented by several
researchers, but especially by Douglas B. McLeod (1985; 1987; 1992) who has
developed a theory for affective domain in mathematics education research and for
understanding the influences of affect on mathematical problem-solving (1988; 1990). In
doing this, we will take significant notice of the basic arguments, conceptualizations, or
points of view given by McLeod of affect in relation to cognition, metacognition, and
problem-solving. However, we will develop these considerations further under the
chosen dynamic theoretical hypothesis and the notions of pupils´ self-system processes
and their regulation of their own personal learning processes with mathematics. 

2.2 The Role of Methods

As indicated above, the lack of accurate definitions and descriptions of affective variables
is associated with general deficiencies and problems in the measurement of affect
(McLeod, 1988; 1992). Much of the research, concentrating mainly on pupils´ attitudes
toward mathematics, has followed the mainstream of measurement in education research.
That is, the emphasis has been on quantitative methods which are further connected with
the positivistic or behavioristic kind of perspectives to human nature and with the
assumptions of separate, stable, and consistently measurable vector dimensions of
personality.11 Moreover, it is suggested that these methods and perspectives operate
behind the commonly reflected traditional views of mathematics teaching and learning as
complementary parts of a transmission process of mathematical knowledge, as well as
behind the high general significance traditionally given to correlative attitudinal studies in
education research (Cobb et al., 1992; McLeod, 1987; Underhill, 1988). This
psychometric type of measurement is called, by Hart (1989b), a kind of “black-box
approach” to affect. It refers to self-report methods and large scale paper-and-pencil
instruments12 that are used to gather extensive data from large groups of pupils. The
obtained data has been analyzed mainly by different statistical models and standard
statistical techniques (Aiken, 1970; Fennema, 1989; Leder, 1987; 1993; McLeod, 1994).
Moreover, these kinds of instruments were usually developed separately for each
mathematics education study, lacking careful descriptions of the used affective terms or
the relation to similar studies and constructs (Kulm, 1980; McLeod, 1994). 

The weak theoretical background and inconsistencies in scales in the studies of affective
variables in mathematics education have been reflected especially in the unclear and
casual character of the earlier or traditionally-constructed questionnaires for the
measurement of mathematics attitudes. This also seems to apply to current mathematics
attitude measures (c.f., Ma & Kishor, 1997). These most commonly represent various
Likert-type scales (Leder, 1987; 1993), with successive but contextually or theoretically-
mixed (positive or negative) statements, measuring mainly and simply the variation in
pupils´ liking or disliking mathematics.13 On the other hand, statements concerning
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11 As used in psychometrics or differential psychology (c.f., Aiken, 1970; Fennema, 1989; Hart, 1989b;
Leder, 1987; McLeod, 1994).
12 I.e., different types of structured questionnaires in contrast to the approach in use, e.g., in recent
cognitive studies of education.
13 I.e., the one attitude dimension (see previous section; Aiken, 1970; Leder, 1987).



mathematics anxiety or perceptions of others´ attitudes were mixed with this liking of
mathematics in earlier attitude measures (Hart, 1989a).14 In addition, semantic differential
scales with pairs of adjectives (e.g., easy/difficult) and various rankings of affective
statements or preferences (e.g., Thurstone scale) were used to assess pupils´ preferences
for or dislike of mathematics (Karjalainen, 1982; Leder, 1987). Thus, the obtained
research results tended to display variation in and dissimilar aspects of affect or
mathematics attitudes within or between groups of pupils, which can be observed in the
inconsistency found in the positive relation between mathematics achievements and
attitudes (Aiken, 1970; Kulm, 1980; Ma & Kishor, 1997; McLeod, 1992; 1994; Reyes,
1984). Because of the lack of validity and consistency in the used scales or in the
concepts behind them, these scales (Leder, 1987; McLeod, 1994) have not produced any
cumulative understanding of the affective domain in mathematics education. Despite this
rather fuzzy situation in the traditional affective measurement in mathematics education
research, this type of quantitative research has brought useful information to the field,
and can be further applied in clarifying the problems in the affective domain of
personality and learning mathematics (Fennema, 1989; McLeod, 1994).

Later-developed multidimensional scales and questionnaires, with more detailed items
and careful descriptions of the concepts applied for each scale (Fennema & Sherman,
1976; Haladyna et al., 1983; Sandman, 1980), together with the use of more varied
techniques and more sophisticated statistical methodology in measuring attitudes (Aiken,
1976; Leder, 1987), made it possible to more carefully specify different aspects of
pupils´ affect or the relations of these to their mathematics learning. Some of those
questionnaires or measurements have been applied widely and internationally, producing
consistent information about distinct affective factors operating within mathematics
learning situations,15 as well as about general lines in attitude development with
mathematics (McLeod, 1994). The most careful description and design of these scales are
included in the Fennema-Sherman Mathematics Attitude Scales (Fennema & Sherman,
1976; 1978), designed especially to reflect gender-related differences in mathematics
attitudes. Despite the limitations involved in the use of quantitative instruments for the
measurement of complex affective features, these multidimensional and distinct scales
have produced significant and more unambiguous research results of mathematics
attitudes, as well as a general increase in the understanding of affective factors in
mathematics learning.16

As within other educational research domains, a change in paradigm is also ongoing with
mathematics education studies that have direct implications for changes in research
methods used in dealing with affect in mathematics learning. Furthermore, the
introduction of research methods, different from the traditional methodologies and
measurement tools used in attitudinal studies, has shed more light on the role that affect
plays in mathematics learning situations and performances or problem solving. These
include research methods, such as observations in classrooms, individual or group
interviews, projective techniques, and physiological measurements applied or combined
with the traditional methods and questionnaires (Leder, 1993; McLeod, 1992; 1994).
Importance has recently been given to the application of qualitative methods that are more
frequently applied within the cognitive research domain or in socio-cultural studies.
These methods include “think aloud” methods or protocols used within cognitive science,
or different ethnographic methods (interviews, observations) or an analysis of
discussions derived from cultural and anthropological studies that would produce the
needed richer knowledge from affective factors in mathematics learning (DÁndrade,
1981; Eisenhart, 1988; Fennema, 1989; McLeod, 1992; Schoenfeld, 1989; Silver,
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14 No clear distinctions were made between these qualitatively different items or concepts in the attitude
scales, even if they apparently reflected different kinds of affective responses or different aspects of
mathematics learning. 
15 E.g., about causal attributions or confidence in mathematics (Fennema, 1989; Leder, 1992; McLeod,
1989a; 1992).
16 Fennema, 1989; McLeod, 1987; 1989b; 1994; Leder, 1993; Hart, 1989b.



1985). The more comprehensive framework for research methods or scales, together
with more accurate definitions of pupils´ affective responses or attitudes, should not only
produce answers to the role or effects of affect in mathematics learning, performances, or
problem solving, but also would make the picture of affective aspects easier to
understand. Thus, obtained research results could be better used to deal with and to
improve pupils´ affective experiences or attitudes to mathematics, reflected further and
directly in the improvement in the qualities of their mathematical achievements,
performances, and personal learning processes.    

2.3 Characterizations Given for Affective Domain

We will shortly consider the definitions or conceptualizations given for affect in education
and in the domain of mathematics education and take special notice of the connections of
these to human cognition. The definitions given for affect or the affective domain of
personality often vary according to the extent they deal with biological and physiological
elements of human actions or socio-psychological aspects related to socialization
processes (Gebhart & Ingle, 1976; Price, 1976; Wertlieb, 1987).17 Many of the
difficulties in uniformly determining the affective domain can be seen to derive from this
preferred and traditionally applied general dichotomy between physical and mental
aspects of human characteristics.18 This is further reflected in the common division of
personality into its detached parts, into affective, cognitive, and psychomotoric domains
(Niskanen, 1988; 1991), or separate vector dimensions (McLeod, 1987; Nucci & Lee,
1992), as well as in the general tendency to treat affective factors in total isolation from
other human features, especially cognitive ones (Bills, 1976; Tennyson, 1992; Wertlieb,
1987). However, efforts to deal with affect without reference to other aspects of
personality or of learning contexts appears nearly impossible, and researchers have
pointed to a purely theoretical decision (Gebhart & Ingle, 1976; Martin & Briggs, 1986;
Nucci & Lee, 1992; Zajonc et al., 1982). The often used term, affective domain, derives
from this traditional separation of personality in education. Such concepts or terms as
“affective development of a personality,” “affective learning,” or “affective educational
objectives” have also been applied in educational scientific fields. They are used to
explain the perceived individual differences in pupils´ behaviors or academic
achievements, and often combined, by educators, with the generic psychological term
affect (Beatty, 1976; McLeod, 1987; Oatley & Nundy, 1996; Payne, 1976; Price, 1976;
Simon, 1982; Wertlieb, 1987).19

Even if variation appears in the definitions, most education researchers agree with the
view that affective domain deals with factors that “differ from pure cognition,” or that
“cannot be classified as cognitive or psychomotoric objectives of learning,” or that “in
some way or another are connected with feelings and emotions” (Gebhart & Ingle, 1976;
Martin & Briggs, 1986; Saari, 1983). For example, the educational affective outcomes
defined by Bridge et al. (1979) point to non-cognitive outcomes of experience that
include personality variables, attitudes and values, and self-perceptions. Fontana (1990,
p. 981) sees that the affective part of the personality points to “emotions and feelings, the
process by which we actually experience ourselves,” whereas “cognitive” refers to
mental abilities and the process by which we classify and make sense of the world.
Besides emotions and feelings, the affective part includes attitudes, opinions, and
moods. According to Ringness (1975), affective domain is comprised of the feelings and
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17 Affective responses are viewed either as based mainly on the functioning of the autonomic nervous
system (physiological changes in the body) or as learned personal arousals constructed and reflected in
social interactions between individuals.
18 I.e., the old philosophical Cartesian mind-body -problem: thinking vs. feeling.
19 Some researchers do not view affect as a joint concept for affective factors. Instead, they apply it as
psychologists often do, to refer to a biological phenomenon, physiological state, or specific hot cut-level
responses, often used as synonymous with the term emotion (Bills, 1976; Hart, 1989b; Mandler, 1982;
1984; 1989; Marshall, 1989). 



emotional components of our lives. These include positive and negative feelings as well
as emotionally-tinged attitudes, values, interests and appreciations, morals, character,
and even personal and social judgment.

A very typical way to define affective domain or affective educational objectives is to give
a mere list of certain significant affective terms, characteristics, or responses, even if
these overlap or apparently display dissimilar human aspects.20 In addition, the view of
the frequently used psychological constructs, such as affect or emotion as too general or
weakly applicable to educational situations (e.g., Bills, 1976), has produced specific
affective taxonomies for educational objectives.21 Besides outcomes of learning (i.e.
changes in pupils´ behavior), these categorizations may consider the means for learning22

or even the processes involved in affective learning (c.f., Martin & Briggs, 1986;
Ringness, 1975). There are references to Nunally´s early (1967) taxonomy of affective
domain as consisting of sentiments, interests, values, and attitudes, or Hoepfner et al.´s
(1972) five categories of affective domain including personal temperament; social
temperament; attitudes, opinions, and beliefs; needs; interests; and values (c.f., Gable &
Wolf, 1993; Martin & Briggs, 1986; Payne, 1976). According to Wertlieb´s (1987)
definition, affect “relates to and/or encompasses a wide range of concepts and
phenomena including feelings, emotions, moods, motivation, and certain drives and
instincts”. Affective development has to do with the processes, continuities, or changes
in the experience, differentiation, and expression of affect. More emphasis on socialized
elements is given in De Landsheere´s (1989) definition of affective domain in education
as including educational objectives that describe changes in interest, attitudes and values,
and in the development of appreciations and adjustments. Or in Eraut´s (1989) view that
many of the objectives in affective domain are linked to the norms and values of the
educators, including socializing with general school norms and values, moral and social
education, and feelings and sensitivities. Interest and appreciation represent the most
often used affective terms in connection with these affective objectives. Gable´s (1986)
division of affective characteristics, on the other hand, includes attitudes, self-esteem,
interests and values.  

More systematic taxonomies of affective human characteristics23 are designed to express
hierarchical structures. One example of this kind of classification of affective responses24

is presented by Gebhart & Ingle (1976), according to the abstractness of the used
affective terms and concepts. It divides the affective domain into two main categories:
physiological responses or behaviors and psycho-social responses or behaviors. The first
consists of somatic responses and visceral responses and the latter of values, emotions,
and perceptions.25 Values are divided into beliefs and attitudes, emotions into pleasant or
unpleasant sensations, and perceptions into perceptions of self and of other. The most
frequently referred to and widely accepted taxonomy in education research is included in
Kratwohl et al.´s (1964) early, rather abstract and general taxonomy, of affective
educational objectives.26 The taxonomy tends to distinguish between different stages
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20 Usually stated without any careful description of these expressions, e.g., opinions and moods, feelings
and attitudes.
21 That differ in the used characterizations and terms of affective factors, e.g., due to the cultural variation
in learning objects (De Landsheere, 1989).
22 E.g., in the form of environments or teaching strategies facilitating the acquirement of affective
behaviors. 
23 Depending, e.g., on the extensiveness of the given constructs or the significance of these in schooling.
24 Viewed as wide and useful for education as well as for psychology.
25 Things like perspiration, heart-vein reactions, and respiration reactions are included in somatic
responses, along with muscular shrinking and enlargement in visceral responses. 
26 Seen as best fitted to the classification of liking or disliking in schooling or to the learning objectives
emphasizing emotion, tone of feeling, or a degree of rejection or approval (e.g., values, interests,
attitudes, appreciations, adjustments, and likings; De Landsheere, 1989; Martin & Briggs, 1986).



involved in the internalization of an affective construct (c.f., Kratwohl et al., 1964).27

Pupils´ behavior is divided into five main stages with subcategories: receiving
(awareness, willingness to receive, and controlled or selected attention), responding
(acquiescence in responding, willingness to respond, and satisfaction in response),
valuing (acceptance of a value, preference for a value, commitment), organization
(conceptualization, organization of a value system), and characterization by a value or
value complex (generalized set, characterization)( Kratwohl et al., 1964, p. 35). A
slightly recognized value is promoted gradually to the position in which it directs and
controls one´s behavior. The first three stages of the taxonomy, in particular, are
considered as useful in analyzing the attainment of affective schooling objectives,
whereas, the last two categories represent more internally adopted levels of adults (De
Landsheere, 1989; Eraut, 1989). The taxonomy combines different aspects of human
activity and experience, many of which involve clearly cognitive components (Kratwohl
et al., 1964), but some researchers consider it to reflect a rather traditional behavioristic
view of learning.28 It is also considered to reveal very little about the nature of and
various kinds of affective factors, or about the differences between various affective
concepts. 

One possibility is to deal with affect as equal to or forms of different kinds of emotions in
education. To deal with the affective domain means to consider emotions.29 For example,
Anderson´s (1981) often referred to perspective on affective characteristics includes
“qualities which present people´s typical ways of feeling or expressing their emotions”
(p. 3). These qualities have three properties: intensity, direction, and target, in which
intensity represents the degree or strength of the feeling; direction is related to the
positivity, neutrality, or negativity of feeling; and target refers to the object of the feeling.
This view is reflected especially in cognitive approaches to affect, as in G. Mandler´s
(1984; 1989) concentration on the describtion of emotions or emotional responses,
varying in intensity, direction, and magnitude. McLeod (1988, 1989a/b), in turn, makes
even more general comparisons along with the intensity, direction, or magnitude of affect
that distinguish between pupils´ beliefs, attitudes, and emotions (see Sections 2.4 and
5.2). 

Another approach to affect or affective domain relevent to our study is represented by
Beatty (1976), who connects affect in education simply with experiences of positive or
negative feelings and the awareness of pleasantness or unpleasantness, caused by self-
perceptions and closely related to motivation. A similar idea is given by Sonnier et al.
(1989) of affective learning outcomes, as associated with the question of whether or not
pupils enjoy their learning. In this, three possibilities are distinguished: pupils´ positive
feeling of themselves and their experience, neutral, or negative feeling of themselves and
their experience. Affective domain is then viewed as the quality of learning that deals
with feeling and attitudes, and that is often expressed by enjoying learning (Sonnier,
1989). More generally, these definitions relate to the so-called self-concept theories of
learning or of motivation that deal with affective learning experiences or outcomes as the
qualities or consequences of pupils´ self-perceptions (c.f., Bills, 1976; Wylie, 1974). In
fact, many of the recent considerations of learning and motivation, both in the
mathematics education research domain as well as in the general educational scientific
fields, tend to connect affect as well as motivation closely to such constructs as self-
concept, self-esteem, self-confidence, or self-efficacy.30 These approaches constitute the
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27 In consequence, dealing also with the development or processes of affective human characteristics.
28 That is, learning processes based on transmission of a norm from teacher to pupils without references
to pupils´ personal constructive processes.
29 I.e., the arousals, characteristics, expression, or development of emotions (c.f., Oatley & Nundy,
1996).
30 See e.g., Bandura, 1986, 1993; Boekaerts, 1995; Borkowski et al., 1990; Eccles et al., 1983;
Fennema, 1989, Harter, 1985; McCombs, 1989; McCombs & Marzano, 1990; McLeod, 1992; Norem &
Cantor, 1990; Nucci & Lee, 1992; Schunk, 1984; 1989b; Weiner, 1992a; Zimmerman et al., 1992; see
also Section 4.4.



central basis for our theoretical and illustrative description of affect as well as of the core
interplay between pupils´ affect and cognition in their personal learning processes. 

Most of the above descriptions or taxonomies of affective domain can be seen to involve
more or less clear references to cognitive or social aspects of behavior or learning.31 The
authors also refer to or admit the close connections between the affective and cognitive
domains or aspects of personality,32 even if descriptions of these interdependences are
mostly lacking in the definitions. Even the cognitive psychologist Piaget (1981) viewed
the affective domain to represent an essential part in human mental processes that forms
an “energizing” context for personal knowledge construction. He referred to this as
“affective schemas” and viewed them as providing relatively stable modes of feeling or
reacting, through which personalized knowledge or truths are constructed (see also
Bearison & Zimiles, 1986a; Lewin, 1991; Oatley, 1992). This approach is also
represented in Martin & Briggs´s (1986) working definition of affective domain as “a
classifying term including all the categories of behavior that have both an emotional tone
and a cognitive component”. Efforts to intergrate affective characteristics with cognitive
and/or behavioral processes and development in psychological and educational literature
have increased.33 In addition to self-perceptions, consideration of affect has been more
and more often linked to such (cognitive) concepts or constructs as beliefs and belief
systems, values, attributions, schemata, personal or mental systems, and metacognition
in general educational studies, as well as in the research domain of mathematics
education.34

Process-oriented pictures of affective domain are linked to behavioral and cognitive
processes. In addition to, e.g., Kratwohl´s taxonomy, one example of these kinds of
definitions is presented by De Landsheere (1991), designed to unify affective,
psychomotoric, and cognitive domains of personality. The categories, in turn based on
Merrill´s (1971) four main categories, include: a) emotional behavior composed of
pupils´ approaching/avoiding reactions in an optional situation,35 b) psychomotoric
behavior,36 c) recollection behavior,37 and finally d) complex cognitive behavior including
classification behavior, analysis behavior, and problem-solving behavior. Another
process-oriented description of affect, related to general human aspects and functioning,
is given by Kimball (1980) who combines affective development with other
developmental aspects of personality in the spirit of Freud. It consists of three
psychological processes: affective, sensomotoric, and cognitive processes. Of these,
affective processes are divided into conscious, preconscious, and unconscious levels of
functioning, in which valuing and attitudes (representing ego-component) are viewed as
conscious affective processes. Morality (representing super-ego) is connected partly to
affective and partly to cognitive processes at conscious or at preconscious levels.
Emotions and spontaneity are included in preconscious affective processes and feelings
are classified as unconscious affective processes. This process-oriented view of affect
distinguishes theoretically between generally used affective concepts of personality. More
particularly, it includes the idea of different or parallel (mental) human processes involved
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31 See e.g. Kratwohl et al.´s 1964 taxonomy or the notions of socialization levels in Eraut´s 1989
definition.
32 See, e.g., Bills, 1976; Kratwohl et al., 1964; Fontana, 1990; Martin & Briggs, 1986.
33 E.g., Bandura, 1993; Bearison & Zimiles, 1986; Clark & Fiske, 1982; Goldin, 1992; Helmke, 1989;
Mandler, 1984; 1989; Martin & Briggs, 1986; McLeod, 1988; 1990; Oatley & Nundy, 1996; Snow &
Farr, 1987; Weinert & Kluwe, 1987.
34 Arnold, 1987; Boekaerts, 1995; Borkowski et al., 1990; Fennema, 1987, 1989; Fishbein & Ajzen,
1975; Gable & Wolf, 1993; Goldin, 1992; Mandler, 1989; Marshall, 1989; McLeod, 1988, 1992;
McDonald, 1989; Oatley, 1992; Weiner, 1986; Weinert & Kluwe, 1987.
35 Due to their psychological changes (or emotional behavior) in stimulus occasions. 
36 Including topografic behavior or stimulus response, chaining behavior, and skilled behavior.
37 Including naming behavior, series recollection behavior or verbal association, discrete recollection
behavior or multiple discrimination.



in affective factors or responses that we interpret here to offer an unconstrained path from
the affective domain to cognition and mental processes behind or with pupils´ affective
responses. These aspects will be developed further in the following chapters, in
connection with pupils´ self-perceptions, affective self-experiences, and the qualities of
their personal and situational mathematics learning and self-regulatory processes.

2.4 Definitions Associated with Mathematics Learning

The definitions of the affective domain or affective learning objectives, traditionally given
by mathematics education researchers, are very much like those commonly used in
educational fields, often with inaccuracy and variability. More deliberation has been
recently focused on the concept of affect, since the 1980s. By the term affective, Reyes
(1984, p. 558) refers to “students´ feelings about mathematics, aspects of the classroom,
or about themselves as learners of mathematics”. McLeod (1989a, p. 245) uses affective
domain to refer to “a wide range of feelings and moods that are generally regarded as
something different from pure cognition”. Fennema (1989) prefers the term “affective
variables” for dealing with affective domain in mathematics, in order to avoid the often
perceived confusion between various expressions and concepts of affect used in the field.
Traditional taxonomies of mathematics learning objectives may lean on Wilson´s (1971)
division between the category consisting of attitudes, interests, motivation, anxiety, and
self-concept and, on the other hand, the one consisting of external, internal, and
operational values (c.f., Karjalainen, 1982). According to recent classifications,
mathematical affective variables, or the affective domain in mathematics learning, consist
of such things as individual feelings, including emotions, preferences, and attitudes
(Lester et al., 1989, p. 76). Included are all kinds of feelings that may have an influence
on mathematical performances, involving attitudes, beliefs, moods, and emotions
(McLeod, 1987, p. 280) or, in turn, three different constructs called beliefs, attitudes,
and emotions (Hart, 1989b; McLeod, 1992). Furthermore, specific objects of affect have
been noticed in related definitions or descriptions.

As presented above, the traditional framework for considering affect in mathematics
education research is closely linked to the studies and various measurements of
mathematics attitudes. Much fault of the weak theoretical position in the affective domain
may hence be attributed to similar deficiencies in attitudinal studies and attitude
constructions, applied both in general educational or social psychological fields and in the
mathematics education research domain (Gable & Wolf, 1993; Kulm, 1980; Leder, 1987;
Triandis, 1971). And even if several distinct mathematics attitudes have been discerned
and other affective concepts, besides attitudes, have been added to studies of affect in
mathematics education, no final clarity as to the nature or qualities of attitudes has been
achieved. More generally, many different kinds of approaches and conceptualizations
have been presented concerning the construct. These may operate at varying theoretical
levels. In everyday language, attitude is used mainly to denote stable personal affective
characteristics. This view is expressed in social psychology as consistencies in the
responses of individuals to social situations (Triandis, 1971, p. 7). Additionally, social
psychological views of its key concept, i.e. attitude, may cover process aspects of
attitudes, referring mainly to processes in attitude change through social interaction and
communication (McGuire, 1969). The traditional views of mathematics attitudes38 can be
viewed as supported by such a basic definition as Allport´s (1935, p. 810) early
definition of attitude in social psychology as “a mental and neural state of readiness,
organized through experience, exerting a directive or dynamic influence upon the
individual´s response to all objects and situations with which it is related” (c.f., Gable &
Wolf, 1993; Kulm, 1980; Leder, 1987). They may be related also to Thurstone´s (1946)
psychological definition of attitude as “the intensity of positive or negative affect for or
against a psychological object”. Accordingly, the psychological object of “attitude toward
mathematics” would consist of school mathematics (c.f., Aiken, 1970; Hart, 1989b;
McLeod, 1994).     
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Currently, mathematics education researchers tend to agree upon the view of mathematics
attitudes as rather stable or consistent affective responses of long duration, accompanied
by slight affective arousals (c.f. Section 5.2; Leder, 1987; Lester et al., 1989; McLeod,
1992), possibly to be developed through experiences of frequent and highly intense
positive or negative affective responses to mathematics (see Sections 5.3; Marshall,
1989). The later developed multidimensional attitude scales produced the idea of different
domain or object specific mathematics attitudes, hypothesized to act in a mathematics
learning context in particular (Fennema & Sherman, 1976; Haladyna et al., 1983; Leder,
1987). In addition, specific concepts were applied and attitude scales designed to
measure separately such constructs as self-concept or self-confidence in mathematics,
motivation in mathematics, enjoyment of mathematics, value of mathematics, view of
mathematics usefulness, anxiety toward mathematics, and views of mathematics as a
male domain, or measures of parents´ or teacher´s perceived views.39 The research on
and views of various mathematics attitudes have further been complemented by other
concepts taken from social and cognitive psychology (c.f., Bandura, 1986; 1993; Ma &
Kishor, 1997; Mandler, 1989; McLeod, 1988; 1990; Silver, 1985; Snow & Farr, 1987;
Weiner, 1990; 1992a; Weinert & Kluwe, 1987; Zimmerman, 1989b). In particular, the
concepts of beliefs and emotions have entered into mathematics education studies, but
also research on affect may deal with such constructs as self-efficacy, causal attributions
of success or failure in mathematics, expectations of success, esthetic experiences,
learned helplessness, help-seeking, metacognition, and autonomy or independence.40

Even if the use of more specific and several new theoretical constructs have produced
new approaches to affect and more accuracy in the field,41 uniform theoretical
frameworks are still lacking and there are uncertainties in the use of affective concepts.
For example, as in general education research, various kinds of affective variables42 or
attitudes are referred to through the psychological concept of affect. On the other hand,
the term affect has been used to denote an intense “hot” short-term affective state or an
emotion, such as anxiety, shame and pride, panic reactions, fear, frustration, joy, and the
so-called “aha” experience (see, e.g., Buxton, 1981; Hart, 1989b; Leder, 1987; Lester et
al., 1989; Mandler, 1989; McLeod, 1987; 1988; Silver, 1985; Stipek & Gralisnki,
1991). With the increased significance given to these kinds of highly intense affective
responses, the cognitively engaged term “belief” has been included among affective
variables, especially in research on mathematical problem solving (Hart, 1989a; McLeod,
1992; Silver, 1985; Schoenfeld, 1983). This may have produced even more uncertainty
in conceptualizations of the affective domain. In addition, obscurities or variations that
concerned the attitude construct seem to overshadow both the theoretical descriptions and
use of the term mathematical beliefs (see Section 4.2). More agreement relates to the
increased use and views of the term emotion, considered basically as an intense (whole-
level) but short-cut affective response perceived in mathematics learning situations (see
Section 5.2.2 below).43

In this study, we will apply these central concepts of beliefs and emotions as attached to
pupils´ affect in the mathematics education research domain and develop the theoretical
links between them and pupils´ mathematics learning behaviors under the theme of
personal self-systems and self-system processes with mathematics. Two different
viewpoints or definitions can be presented as a starting-point for these dynamic
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39 Crosswhite, 1972; Eccles et al., 1983; Fennema & Sherman, 1976; Imai, 1993; Kulm, 1980; Leder,
1987; McLeod, 1994; Reyes, 1984; Sandman, 1980.
40 Boekaerts, 1988; Fennema, 1989; Hackett & Betz, 1989, 1992; Hart, 1993; Kloosterman, 1988; Lester
et al., 1989; McLeod, 1988, 1990, 1992, 1994; Meece et al., 1990; Mura, 1987; Newman, 1990;
Schoenfeld, 1989; Stipek & Gralinski, 1991.
41 Especially with the involved gender-related differences (Fennema, 1989; Fennema & Hart, 1994; Frost
et al., 1994; McLeod, 1994; Seegers & Boekaerts, 1996).
42 E.g. feelings, preferences, values.
43 E.g., Hart, 1989b; McDonald, 1989; McLeod, 1989a.



theoretical developments and illustrations. One of these concerns D.B. McLeod´s
conceptualization of affect in mathematics education (1988; 1989a, p. 246) by classifying
affective variables in regard to the affective and cognitive involvement in them, or to the
intensity and stability of affective responses. Accordingly, beliefs, attitudes, and
emotions represent constructs with increasing affective involvement, decreasing cognitive
involvement, increasing intensity, and decreasing stability, in this order.44 The other
viewpoint relates to the widely accepted three component view of attitude45 according to
which attitude consists of or is formed and reflected through beliefs about the object,
emotional reactions to the object, and behaviour toward the object (e.g., Gable & Wolf,
1993; Olson & Zanna, 1993; Triandis, 1971).46 That would link up the traditionally-
suggested three components of affectively toned behaviour, or more widely the three
domains of personality (thinking, feeling, behaviour). Mathematical beliefs47 would then
represent pupils´ propositions and judgments about all kinds of aspects or components
involved in learning and doing mathematics. Emotions48 refer to affective arousals and
stored affective concerns or emotional experiences with these aspects. The behavior
component49 involves a pre-behavioral or volitional tendency to act in a certain way, due
to the held beliefs (c.f., Manstead, 1990; Olson & Zanna, 1993; Saari, 1983; Snow &
Farr, 1987). Moreover, attitude would constitute a single second-order, well-established,
and learned reactive human factor, perceptional affective system, or behavioral pattern
while beliefs, affective responses, and related behavior alone would operate as first-order
affective factors or aspects in pupils´ personal learning processes and functioning.50

Use of the central constructs or ideas from recent cognitive psychology, as well as the
recent preference for more holistic pictures of learning situations and for the
constructivistic views of learning, have all enriched the picture with the nature, qualities,
and role of affect in mathematics learning and problem-solving. We may hence view the
complexity of affective factors as becoming clarified by studying more closely and deeply
the different and multifaceted aspects of learning,51 in which the involved affectively
toned qualities or experiences are closely linked to pupils´ personal mental constructions,
structures, or processes,52 more particularly, to their personal and situational self-
perceptions, efforts, goals, and self-regulation in the social or contextual school learning
environment.53 This kind of approach is reflected, for example, in the perspective given
by Hatfield (1991). She refers to Mason et al. (1982) and considers high quality
mathematical experiences through emotional states (feeling) and enquiry states (thinking),
where emotional elements involve sense of purpose, self-perception of potential for
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44 We may then view beliefs to involve various amounts of affectivity (an affective tone or a feeling
aspect) or at least importantly influence or relate to the appearance and development of various affective
responses or attitudes in mathematics learning (Section 4.2; Mandler, 1989; McDonald, 1989; McLeod,
1988; Silver, 1985).
45 Stressed, e.g., by Hart (1989b), and further by Leder (1987; 1993).

46 Reflected already in Allport´s definition and expressed by Fischbein & Ajzen (1975, p. 6) as “a learned
predisposition to respond in a consistently favorable or unfavorable manner with respect to a given
object” or by Triandis (1971, p. 14) as involving thoughts, feelings and preferred behavior that all are
further connected to social norms and behavioral standards prevalent in a society. 
47 I.e., the thinking or cognitive component of attitudes or affective factors (c.f., Ajzen, 1988; McGuire,
1969; Triandis, 1971).
48 I.e., the affective or feeling component of attitudes, or the experiental aspect in affective factors.
49 Or the conative component (c.f., McGuire, 1969; Snow & Farr, 1987).
50 C.f., Ajzen, 1988; Fischbein & Ajzen, 1975; p. 216; see also Berscheid, 1982; Hart, 1989b;
Manstead, 1990; Saari, 1983.
51 C.f., Fennema, 1989; McLeod, 1994.
52 It has become clear that affect cannot be studied without references to pupils´ mental structures and
processings (Marshall, 1989; McDonald, 1989; McLeod, 1988; 1990; Schoenfeld, 1992). 
53 C.f., Bandura, 1993; Boekaerts, 1995; Eccles et al., 1983; McCombs, 1989.



success, and willingness and capacity to monitor and control the effects of feelings. 

Accordingly, in this study we will consider pupils´ influential affect with mathematics as
essentially intertwined with their situational or learned perceptions and experiences of the
self in school mathematics learning contexts and social environments. By taking also the
social and cultural school mathematics learning context as an important determinant for
pupils´ personal constructions, experiences, and processes,54 we offer additional highly
central features in order to understand more fully the dynamics of affect and cognition in
mathematics learning situations and in pupils´ personal mathematics learning processes.
We have chosen to speak here about affect as including all the kinds of personal
characteristics, qualities, experiences, or expressions that involve personal states or
processes called further affective arousals and affective responses, affective tones, or
affective experiences. The term affect is used as a synonym for these aspects and for the
terms affective or affective factors. In addition, we understand this affect as intertwined
or appearing closely with pupils´ other personal characteristics, aspects, processes, or
functioning.55 In our view, looking at the affective domain means looking at overall
personal features and processes, of which the feeling component or personal
experiencing56 constitutes the most essential aspect. The aspects and development of
affective personal features or factors are thence viewed here as essentially intertwined
with the production, functioning, expression, and development of all other (conceptually
determined) human aspects.57
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54 E.g. Cobb et al., 1989; D´Andrade, 1981; Eisenhart, 1988; Lave, 1988, Lester et al., 1989;
Schoenfeld, 1985a; McLeod, 1994. 
55 Affective phenomena do not occur without or are in need of the so-called cognitive, behavioral, as well
as biophysical human features or processes.
56 I.e., a feeling or emotional component, and a feeling as an experience (c.f. Section 5.2; Hart, 1989b).
57 That physiologically have been attached firstly to the activity of the autonomic nervous system and
accompanying changes in human bio-physiology, but also relate to the functioning of central nervous
systems.
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3 RESEARCH DESIGN

3.1 Arguments for the Study

Even if the importance of affect in education and school is quite obvious, the main
emphasis in traditional and general education research, as well as in mathematics
education research or problem solving, has been placed on the cognitive aspects of
learning. These aspects include the qualities or development of pupils´ mathematical
knowledge, concepts, and skills or aptitudes, their achievements or cognitive
performances in mathematics, and more recently their use of different strategies,
techniques, or heuristics while involved in processes of solving mathematical problems
(see, e.g., Clements et al., 1997; Leino, 1987; Lester, 1980; McLeod, 1985; Pehkonen
& Zimmerman, 1990; Resnick & Ford, 1981; Schoenfeld, 1992; Silver, 1985). This
trend is consistent with the high significance given to pure human cognition in general,
and linked further with the extensive progress made in cognitive science since the
1970s.58 Much less intensive research has been conducted on the affective characteristics
in mathematics instruction (Leder, 1993; McLeod, 1992; Schoenfeld, 1992). The “new
awakening” of the affective domain, since the end of the 1980s, is based on obtained
significant results on specific attitudes and gender-related differences in these as well as
in mathematics learning or problem solving.59 It is also based on the increased
significance and claims given for the understanding of and more detailed research on
noncognitive and/or affective issues with mathematics, and on the linkages between
affective and cognitive factors, especially in solving mathematical problems, but
generally in mathematics learning and teaching in school context.60

The importance of research on affect (or attitudes) has been traditionally connected to low
achievers´ mathematical performances (Reyes, 1984). The expanded and more detailed
studies on mathematics attitudes revealed the important and consistent differences
between females´ and males´ perceived usefulness of mathematics, confidence in learning
and doing mathematics, or causal attributions for mathematical successes and failures.
Furthermore, females´ poor selection of mathematics courses or mathematics-related
careers has been suggested to be essentially linked to these kinds of affective factors.61

The same factors have been found to apply to specific minority group pupils and pupils
with a low socio-economic background (Hart, 1989a; McLeod, 1989a; 1994; Reyes,
1984). Results of studies on mathematical problem-solving strenghthen the perceived
central impact of affect on all pupils´ mathematical performances, and especially on the
difficulties in females´ and minorities´ problem solving (c.f., Fennema, 1989; Lester,
1980; McLeod, 1988; 1989b; Silver, 1985). These considerations point to a highly
effective link between affect and mathematics, and to the important qualitative differences
in pupils´ doing and learning of mathematics, much due to the effects of their affect to
mathematics.62 Accordingly, pupils daily meet and cope with dissimilar affective
experiences with mathematics (e.g., mathematics anxiety or confidence) that essentially
shape and distinguish between the qualities of their personal mathematics learning or
performance processes. This is perceived as well in the variation of the qualities and the
development of their mathematics attainments. 
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58 See, e.g., Boekaerts, 1995; Fennema & Loef, 1992; Gable, 1986; McLeod, 1990; Oatley & Nundy,
1996; Payne, 1976; Resnick & Ford, 1981; Silver, 1985.
59 E.g. studies made by Fennema and her colleagues (Fennema, 1989; Fennema & Hart, 1994; Leder,
1987).
60 See Section 2.1, c.f., Goldin, 1988; Ma & Kishor, 1997; McLeod, 1985; 1987; Reyes, 1984; Silver,
1985; Schoenfeld, 1983.
61 Eccles et al., 1983; Fennema, 1989; Fennema & Hart, 1994; Fennema & Sherman, 1976; 1977; 1978;
Hackett & Betz, 1989; Haladyna et al., 1983; Leder, 1992; McLeod, 1994; Reyes, 1984; Seegers &
Boekaerts, 1996; Sherman & Fennema, 1977; Wolleat et al., 1980.
62 C.f., McLeod, 1985; Reyes, 1984.



The high concentration of education research on purely cognitive aspects of mathematics
learning and problem-solving has caused criticism of the compatibility of the related
research results with real school learning and teaching situations in mathematics
classrooms. In these situations, the presence of pupils´ affective responses has always
been acknowledged by their teachers (McLeod, 1985; 1990), and the social environment,
combined with home factors, constitute a significant context for mathematical
performances. Neglecting the influence of the emotional realm would distort an
understanding of the cognitive processes of education in general (Oatley & Nundy, 1996,
p. 258). The recent stream of recommendations to include problem-solving of nonroutine
tasks in the main practices in school mathematics instruction, in Finland as well as abroad
(see, e.g., Kupari, 1994; NCTM, 1980; 1989; Opetushallitus, 1991; 1994), should
significantly increase the appearance of as well as needs for understanding pupils´
emotional stress in mathematics learning situations, even among the most talented
pupils.63 In particular, the affective reactions to unusual mathematical problems appear to
be quite different from, and also much more difficult to deal with than those traditionally
investigated attitudes toward mathematics (McDonald, 1989; McLeod, 1987; 1988).
Accordingly, a problem-solving approach to mathematics instruction should be
accompanied by concerns and changes in pupils´ mathematical beliefs, their experienced
emotions, and the regulation and control of their own mathematics learning experiences,
intentions, and actions.64 This approach is also in need of new theoretical perspectives
and methodologies applied to the affective domain in mathematics.65

One general aim for studying affect in mathematics has been associated with the
improvement of instruction and attempts to help pupils or underachievers learn more
(Reyes, 1984). An open question has been whether affective factors operate as causes for
or as consequences of poor or good mathematics achievements or performances. The
related positive causal relations are not quite clear in the light of obtained correlative
research results, even if they seem very obvious (see, e.g., Fennema, 1989; Kulm,
1980; Leder, 1993; Ma & Kishor, 1997; McLeod, 1987; 1994; Reyes, 1984). The new
insight into the role of affect in mathematical problem solving has afforded an
opportunity for a closer look at the interplay of cognitive and affective factors in specific
mathematics learning situations.66 Such considerations make it possible to clarify the
influence and functioning of pupils´ affective responses on and within their cognitive
resources, and especially regarding higher order cognitive processings.67 In fact, by
examining more accurately these higher order processes, referred to recently as
metacognition or self-regulation, we believe that the connections between the studied
affective variables and mathematics learning or problem solving become essentially
clearer. Through this consideration, we are also able to link affect closer to the essential
aspects in pupils´ personal learning processes, self-system processes, and intertwined
motivational dynamics related to mathematics. In addition, when we take notice of the
socio-cultural or contextual features of mathematics learning or performances, we may
attach these considerations more clearly to real school mathematics learning situations and
pupils´ personal functioning or self-states in these.  

The focus of this study is on the examination of the essential functional and higher order
interrelations between affect, cognition, and social environment in pupils´ school
mathematics learning, viewed here to make pupils´ behavior more understandable, both
from situational and long-term mathematics learning perspectives. By moving from static
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63 C.f., Adams, 1989; Goldin, 1988; Haapasalo, 1985; Leino, 1987; McLeod, 1989b.
64 C.f., Boekaerts, 1995; Frank, 1988; Garofalo, 1989; Lester et al. 1989; Mandler, 1989; McLeod,
1989a; Paris & Winograd, 1990; Pehkonen & Törner, 1996; Schoenfeld, 1983; 1985a; Silver, 1985;
Thompson, 1992.
65 C.f., Leder, 1993; McLeod, 1985; 1987; Oatley & Nundy, 1996; Schoenfeld, 1992; Silver, 1985.
66 Instead of their general statistical (long term) causal interrelations.
67 C.f., Mandler, 1989; McLeod, 1988; 1989b; 1989c; Schoenfeld, 1985a.



concepts and restricted personality domains toward the dynamics of a personality,68 in
socio-cultural mathematics learning contexts, and the kinds of terms, conceptualizations,
and illustrations that give more attention to functional or dynamic personal aspects of
learning and affect, 69 we believe that it is possible to go beyond the restrictions or
difficulties caused by the use of traditional concepts. In addition to the development of
better theoretical frameworks to understand affect in mathematics learning or problem
solving, this study attempts to solve some of the problems in the efforts to deal with the
affective domain of personality. More particularly, it serves the general efforts to
incorporate the affective with the cognitive, as well as with the social aspects of learning
and behavior.70 In addition, the notions of and high preferences for independent thinking,
self-regulated learning, and active and creative constitution and application of knowledge,
in recent general education research as well as in mathematical learning contexts or
problem solving,71 make the study of personal learning processes and of the dynamics of
affect and cognition in social environments even more justifiable and crucial for the
development of mathematics instruction. Learning or problem solving, as well as self-
regulation or metacognition, can be understood only by considering both cognitive and
emotional processes72 in contrast with the social environment.

The common lack of theoretical models, accurate definitions, and detailed constructions
in considerations of affective characteristics, in mathematics education as well as in
general education research (see Chapter 2), has produced incomplete research results on
the role of affect in learning, and is also viewed as a reason for the obscurity perceived in
the connections between affective variables and mathematics learning (c.f., Fennema,
1989; Haladyna et al., 1983; Lester et al., 1989; Ma & Kishor, 1997, McLeod, 1987;
Schoenfeld, 1992). This study is aimed at finding some answers to this situation by
clarifying and refining the perspectives and obtained research results with affect and
learning, especially in mathematics learning and problem solving. The basis for these
theoretical considerations consists of a critical examination of affective responses as
essential aspects of every unique learning situation and personal learning process. The
detailed or closer, functional, and more all-inclusive theoretical approach to affect should
reveal or clarify the important role of affective issues in personal learning processes and
in socio-culturally determined academic learning and performance situations. We view
this perspective as a necessary condition for a deeper understanding of personal learning
and self-regulation processes, especially in respect to mathematics learning or
performances and to the found gender-related differences in these. Finally, this increased
understanding of the role and functioning of affect in mathematics learning situations and
personal mathematics learning and self-regulation processes should offer a basis for
dealing with and promoting the qualities of mathematics learning experiences and
performances, i.e., both affective and cognitive outcomes of mathematics learning, for all
pupils.    
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68 I.e., towards constantly functioning and self-developing persons. 
69 I.e., processes, interactions, and events.

70 C.f., Abelson, 1976; Bearison & Zimiles, 1986a; Clark & Fiske, 1982; Isen et al., 1982; Mandler,
1984; McLeod, 1989c; Oatley & Nundy, 1996; Schoenfeld, 1992; Simon, 1982; Snow & Farr, 1987b;
Tennyson, 1992.
71 E.g., Bereiter, 1989; Fennema, 1989; Fennema & Loef, 1992; McLeod, 1985; 1992; Pintrich &
DeGroot, 1990; Schoenfeld, 1992; Zimmerman & Schunk, 1994.
72 C.f., Bandura, 1993; Boekaerts, 1995; Kuhl & Kraska, 1994; Kulm, 1980; McDonald, 1989; McLeod,
1989b; Oatley & Nundy, 1996; Silver, 1985; Weinert & Kluwe, 1987; Zimmerman, 1989a.



3.2 The Aims of the Study

3.2.1 The Chosen Research Tendencies in the Study 

Through this study we will create an opportunity to see behind the affective responses
and their recognized significant role in mathematics learning or performances. Various
theoretical viewpoints or perspectives will be applied in these considerations that relate to
cognitive psychological or socio-cognitive approaches, and even to the philosophical
viewpoints in education which have appeared in recent mathematics education or general
education literature on affect and learning. This means that the study is multitheoretical
and moves between different scientific traditions or perspectives, rather than being
located in one of these, which is seen here as necessary in order to construct the included
holistic picture of affect in relation to cognition and the social environment in learning in a
school context. In turn, construction of a more all-inclusive and deeper understanding of
affect in personal learning processes represents one of the most essential aims of the
study. This approach has not appeared in previous studies on affect in education nor in
mathematics education research. In this study, the complex dynamic description of affect,
related to cognition and environment, will consistently be developed by applying some
essential or recently emphasized theoretical constructs of education research into
mathematics learning situations and research results on affect. In fact, due to these
aspects, the study differs considerably from the common structure of education research
and research reports. In order to clarify the nature of this study, we present the most
essential viewpoints included that emerged.    

Firstly, this study takes a theoretical look at affect related to cognition and context in
mathematics learning situations and in personal learning processes. An attempt is made to
take a deeper theoretical look at the role of affective responses in mathematics learning.
This is achieved by applying the previous related research results and connecting these
considerations to other significant and larger theoretical constructs or models suggested
in recent general or mathematics education research with cognitive, metacognitive, and
behavioral aspects of learning or problem solving. These larger theoretical concepts,
perspectives, or models are then used to clarify and to explain theoretically the obtained
mathematics education research results regarding affect, but also to closer connect these
results to our notions of pupils´ personal learning and self-regulatory processes in a
social environment. In doing this, we will systematically analyze the significant
conceptualizations by applying these theoretical constructs. We will especially take notice
of those aspects that will contribute to the aims and dynamic perspective of this study.
Accordingly, we will not only apply these chosen perspectives or concepts throughout
the study to mathematics learning situations and research results of affect, but at the same
time, we will critically examine and further develop these concepts or models. Moreover,
we will bring various suggested perspectives or conceptualizations in closer connection
with each other under the here chosen unified and dynamic theoretical frame of reference. 

On the other hand, because of the constant application of previous mathematics education
research results regarding affect, we may view this study as a narrative or theoretical
meta-analysis of affect and mathematics, from which the central variables or concepts for
our theoretical considerations and for the models to be applied are also derived. This
applies particularly to the variables, concepts, and research results related to pupils´ self-
concept and affective responses to mathematics. In addition to the previous (mainly
American) research results, we will make significant use of the author´s own related
research results, theoretical developments, and perceptions concerning lower secondary
school pupils´ beliefs about self and about mathematics and its learning, their affective
responses to mathematics, their self-regulation activity, and the relations of these to their
mathematics achievements. In fact, these research results and developments act as a
central basis for this theoretical study. Both the meta-analysis and the deeper theoretical
examination of affect73 will be presented in relation to the dynamic theoretical illustration
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of affect, cognition, and the social learning environment appearing in pupils´ personal
mathematics learning and self-regulation processes. This constitutes one of the main
arguments of the study: that of systematically linking the various approaches, concepts,
and research results with affect in learning and self-regulation, into a holistic and unified
picture. This process will also reveal the essence of the applied concepts and the
underlying phenomena.      

This dynamic theoretical frame of reference consists of some central viewpoints. One of
these relates to our decision to study pupils´ personal mathematics learning processes and
the role affect has on these processes. This perspective will essentially supplement the
more traditional picture of stable variables or concepts and of simple causal relations
between affect and mathematics achievements or cognition. Moreover, this perspective is
consistent with the current increased emphasis on process-based views of learning or
with the applied information processing views of mathematics performances, or problem
solving as well as of affect.74 We will gradually move from more traditional stable
conceptualizations towards an illustration of pupils´ personal activity or dynamics and to
the upper level aspects in the involved learning processes with affect, referred to as their
self-system processes and aspects of their personal agency in mathematics learning. By
stressing this functional perspective, we try to look at those particular moments, essence,
or environmental aspects of pupils´ mathematics learning, in relation to which their
significant affective factors emerge and influence their learning processes. The concept of
personal processes or personal learning processes will be applied here in respect to
affect, as well as to other included central concepts, such as cognition and metacognition.
Accordingly, we refer to these concepts as pupils´ mental processes, metacognitive
processes, and/or affectively tinged learning processes with mathematics. More
specifically, personal dynamics is linked here to a consideration of pupils´ self-
interpretative and self-regulative processes and self-states in mathematics learning
situations. 

Our basic idea of dealing with or focusing on unique mathematics learning situations, as
experienced by individual pupils within a socio-culturally and contextually determined
school mathematics learning environment, is closely connected to the emphasis given
here on personal activity and processes. Thus, we want to draw attention to the
uniqueness of every learning situation in school, as well as of pupils´ activity and
experiences or interpretations. Pupils´ personal systems and previous mathematics
learning experiences play a significant role in these events, but also their specific
interpretations and the forms of behavior attached to the unique learning context and
situation are included. By concentrating on situations and the ongoing personal
processes, we expect to illustrate more deeply and in greater detail the essential aspects,
effects, and dynamics of pupils´ affect regarding mathematics learning. Moreover, we
may link pupils´ situational aspects and processes, as well as the unique contexts and
socio-cultural environmental factors, to this dynamics. Situational considerations offer
better opportunities for a kind of cross-section of the multiplicity and concerted
functioning of affect in pupils´ personal mathematics learning processes that will
challenge the image of simple causal relations between affect and cognition or behavior.

As the core of the pupils´ personal dynamics and learning processes regarding affect and
mathematics is attached here to their self and their personal and situational constructive,
self-interpretative, and self-regulative processes, we will connect their affective
responses to their cognitions and personal learning processes by considering their
selves.75 That is, we will connect the dynamic considerations to a theoretical argument or
way of approach that more generally can be traced to phenomenological kinds of
approaches to and/or humanistic-cognitive views of learning, affective experiences, and
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74 See Section 3.4, e.g. Abelson, 1976; Bearison & Zimiles, 1986b; Clark & Fiske, 1982; Mandler,
1989; McLeod, 1988; 1990; Oatley & Nundy, 1996; Resnick & Ford, 1981; Silver, 1987; Snow & Farr,
1987a; Weiner, 1992b; Weinert & Kluwe, 1987.
75 More specifically, their self-beliefs, self-judgments, self-evaluations, affective self-states, and self-
regulation.



self-regulation. Accordingly, pupils as historical and social individuals or selves
constantly constitute, evaluate, develop, and regulate themselves and their own affective
experiences and learning processes in relation to mathematics, within the prevalent or
situational mathematics learning environments, contexts, and forms of interpretations.
This perspective constitutes the basic larger theoretical frame of reference for our
systematic considerations of pupils´ personal learning processes and dynamics related to
affect, and hence for linking affect more strongly to cognition and social environment.
We will give room both for pupils´ spontaneous as well as more stable personal
constructions of self or self-systems. However, essential arguments are presented for
pupils´ unique situational interpretations and an active construction and regulation of their
own mathematics learning experiences and processes in a school context. 

These functional and active aspects of pupils´ self are particularly stressed in our
conceptualizations and examination of metacognition in the latter part of the study. The
considered dynamic personal aspects of affect are linked further to their self-regulation
processes, and to their possibilities and development of self-determination and personal
agency with respect to their own mathematics learning processes and affective responses.
Our emphasis on personal dynamics, learning processes, and on self-system processes
(or self-processes) all somehow require consideration of recent notions of metacognition
and self-regulation. On the other hand, these cannot be examined without references to
pupils´ self, self-systems, or self-processes. Accordingly, self-regulation processes
represent the central combining feature, or upper level of the dynamic considerations
used in the study to reveal the real dynamic, unique, and important aspects of pupils´
affect and their personal mathematics learning processes or self-system processes. More
particularly, we will use the aspects of pupils´ self-regulation processes to theoretically
link their highly influential affective responses with their essential cognitive features and
components of mathematics learning processes. Furthermore, we will use the aspects of
self-regulation processes to combine the considered research results of affect76 with the
more general theoretical models or conceptualizations which have appeared in recent
educational research and/or have been developed in this study. Taking serious notice of
the nature and functioning of metacognition or self-regulation processes and personal
agency will deepen even more our examination of affect in relation to cognition, as well
as of the relations between pupils´ self, affective responses, and personal mathematics
learning processes or performances in a school environment.            

3.2.2 Research Questions of the Study

The aim of this study is to produce a minutely and systematically analyzed and rich
theoretical description of the functioning of affect and cognition in socio-culturally and
contextually conditioned mathematics learning situations, in close connection with the
related mathematics education research results of affect. An additional effort is to offer a
theoretical synthesis that would integrate the applied conceptualizations and models into a
unified understanding of personal mathematics learning processes and affect. In
particular, we attempt to produce the mathematics education research concepts and results
regarding affect in line with recent notions of metacognition and self-regulated learning.
This will be done through dynamic descriptions of the arousals and functioning of
pupils´ personal and affectively-laden mathematical experiences in respect to their
personal or unique learning processes, intentions, and actions in mathematics learning
situations as well as to the social environment. The main theoretical context for these
descriptions is represented by pupils´ self, self-systems, and self-system processes or
affective self-states in relation mathematics learning or performance. In a rather general
form, we may then say that the aim of this study is, theoretically as well as meta-
analytically, to clarify the underlying factors, aspects, and processes behind the often
found, rather strong positive connection between mathematics self-concept, affective
responses to mathematics, and mathematics achievements. 
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The research problem, or main question, of this study can now be stated as:

How can the interplay of affect and cognition be understood, and how
does this interplay manifest itself within pupils´ self-reflective and self-
regulatory personal learning processes in mathematics learning situations
and compared to mathematics education research results; what are the
connections of this interplay with the contextual and compared to a social
mathematics learning environment?  

The central problem of the study is divided into different subdomains, which will give a
closer picture of the content of the study and of the following chapters. 

1) What kinds of conceptualizations and aspects can be discerned in the 
notions of affect in relation to cognition, self-regulation, and a social 
learning environment in education research, and in mathematics 
education research in particular?

2)  How do pupils´ affective responses to mathematics interact with their 
mental processes and systems, their personal mathematical beliefs and 
features, their self-evaluations regarding mathematics, and contextual or 
socio-cultural environmental features of mathematics learningsituations?

3)  How are pupils´ metalevel self-regulative states and processes involved 
in and act upon pupils´ personal learning processes related to their 
significant mathematical belief systems, affective experiences, and 
subsequent actions with mathematics?

4) How do the different aspects and functioning of the illustrated affective-
cognitive interplay manifest themselves in the qualities of pupils´ 
personal mathematics learning processes, self-regulation, and 
performances in social mathematics learning environments and 
situations?      

The study proceeds like a spiral by starting with the conceptualizations located in the
affective domain of personality in educational research and by connecting the included
aspects with cognition and the dynamic viewpoint of this study through descriptions of
personal processes and activity in mathematics learning. These dynamics of affect and
cognition will then be deepened to include dynamic aspects of the self in a social
mathematics learning environment, and further the more detailed factors of these personal
processes of school mathematics learning. We start by looking closely at the two main
concepts of our study, i.e. mathematical beliefs and belief systems, and affective
responses related to mathematics, chosen here as the primary theoretical constructs for
dealing with the interplay of pupils´ affect, cognition, as well as the social environment in
mathematics learning. Secondly, we will consider the interplay of affective responses and
cognitive processes more closely, compared to more general conceptualizations and
suggested models.  Thirdly, we will connect these discerned aspects with pupils´ self-
interpretations and affective arousals within contextual and socio-cultural aspects of
mathematics learning situations. In the later chapters, we will consider various aspects of
self-regulation involved in pupils´ affective responses and personal learning processes in
mathematics learning situations. These aspects will be connected with the qualities of
their affective self-states or self-experiences, efforts, and of mathematics learning
processes within a social environment. This level of consideration will finally combine
the studied perspectives, constructed aspects, and dynamics of pupils´ affect and
cognition (as well as of affective responses and beliefs) with pupils´ motivational
processes and the qualities of their mathematical performances and achievements. 

The answer to the first research question deals with general or more specific
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conceptualizations applied to understand affect in relation to cognition, self-regulation,
and a social learning environment. These were partly referred to in Chapter 2, but will be
considered mainly at the beginning of each separate chapter, more extensively in
Chapters 4, 5 and 7, referring to terms of mathematical beliefs, self-beliefs, affective
responses, and metacognition or self-regulation with mathematics. As to the second
research question, in Chapters 5 and 6 we first consider and apply and/or further develop
some general notions, theories, and research results of the nature and dimensions of
affective responses compared to pupils´ mental aspects and systems, especially to their
mathematical beliefs and self-belief systems, including the two-way interactions between
their affect and cognitions. From there, we proceed to take a deeper look at the dynamic
and situational interplay, understood here to occur especially between pupils´ affective
responses and self-evaluations in social and contextually bound mathematics learning
environments. We apply research results of mathematics self-beliefs and affect and
observations of socio-cultural mathematical beliefs or belief systems, as well as general
notions of social interactions and contextual aspects of learning or of mathematics
learning. 

Chapter 7 answers research question 3 and deals with the multitude aspects or
approaches attached to metacognition and self-regulation and develops the suggested
features or points of view to be applied to our dynamic illustrations, theoretical
frameworks, and stressed points of view, as well as to mathematics education research
results and learning situations. This will be linked more specifically to the understanding
of the significant role of pupils´ self-belief systems, self-states, and personal agency in
their personal mathematics learning processes. Research question 4 will be answered in
Chapter 8. This will join the detailed, systematically analyzed, and dynamic aspects of
personal learning processes and affective experiences, given in Chapters 5-7, with
pupils´ motivational dynamics or levels of personal power, and to the qualities of their
mathematics learning outcomes or performances compared to the personal, contextual,
and social environmental features of school mathematics learning. In a way, Chapter 8
collects the essence of our dynamic illustrations with affect and cognition, and links this
dynamics further to social contextual or personal features of mathematics learning. In
Chapter 9, we present the viewpoints of the study and some discussion. 

3.3 Preliminary Outline of the Concepts of the Study

We first present a suggested model of the affective domain which, in a way, represents a
theoretical basis for our dynamic description of pupils´ affect, cognition, and social
environment in their mathematics learning activity and self-regulative processes. We view
the model to connect the primary concepts of the study that also have appeared in recent
mathematics education research. An experimental study and factor analyses serve as a
basis for the model, but it is also derived from cognitive emotion theories, attribution
theories, and some motivation theories that are consistent with the perspectives of this
study. Similar to some of the conceptualizations presented in Chapter 2, this model
speaks of the affective domain, but also includes significant cognitive and behavioral
aspects of learning. It views the affective domain as a dependent variable, i.e. aspects
related to “from cognitive to affective.” The model can be interpreted to support our
efforts to examine pupils´ affect in close connection not only to cognition but also to their
self-regulative as well as socio-cultural aspects of mathematics learning. Furthermore, the
ideas and concepts of the model can be viewed to apply to our picture of and emphasis on
pupils´ self-system processes in mathematics learning, even if these aspects are not
included in the original model.

In his model, Saari (1983) distinguishes between separate the domains of human
characteristics, according to the objectives of schooling and education. These consist of:
1) factual knowledge; 2) intellectual, physical, and social skills and abilities; 3) optional
behaviour; 4) belief systems; and 5) feelings, in which objective knowledge and pupils´
abilities and skills shape the cognitive and psychomotoric objects of education. On the
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The model includes the three component view of affecive factors with mental
constructions or thinking, emotional reactions or the feeling tone, and spontaneous
activity. Each of these consitutes a subdomain or a dimension in the affective domain,
hence being consistent with the three component model of attitudes (see Section 2.4).
Feelings are described in the model by the pleasant-unpleasant dimension, thinking by
the good-bad or right-wrong dimensions, and actions by the active-passive dimension
(Saari, 1983, p. 36). The additional (fourth) subdomain or dimension in the affective
domain is defined by Saari (1983, p. 35-37) as the contents, objects, and situations
within which pupils´ beliefs, feelings, and optional behavior manifest themselves. Like
Rogers (1951), he divides this dimension further into two groups: self and
environment.77 Consistent with Levine´s (1967) view, Saari views the self through
pupils´ personal self, social self, and ideal self, and the environment consisting of home
and family, school, community, and the world (p. 36-37). All these features and
subdomains are included in our theoretical study, including pupils´ mathematical beliefs
and belief systems, their affective responses to mathematics, and their optional
mathematical behavior. In the fourth subdomain, our interest is attached to the contents
and objects of mathematics and school mathematics learning or performing in unique
mathematics learning situations, in which the aspects with the self will play the primary
role and the theoretical context for the included considerations of pupils´ mathematical
beliefs, feelings, and optional behaviors. By the environment, we mean the socio-cultural
and contextual aspects or factors of school mathematics learning situations, within which
pupils´ personal and situational mathematical affective responses and learning processes
appear, influence, and further develop on a daily basis. These aspects are reflected in
socio-culturally and contextually-bound mathematics classrooms, as well as in a home
mathematics learning context and, more generally, in larger socio-cultural mathematics
learning environments and influencing pupils´ interpretations, affective responses, and
behavioral patterns related to mathematics.    

The subdomain of feelings in the model can be seen to include the most often used terms
and classification in the affective domain, e.g. needs, affects, emotions, which we refer
to as affective responses. Instead of a mere list of affective terms, the subdomain
includes interesting dimensions or theoretical lines, to be further developed in Chapter 5
in connection to related mathematics education research. In accordance with our chosen
cognitive form of approach to affect and the dynamics of affect and cognition, the
features included in the subdomain of beliefs and belief systems will be emphasized in
respect to affective responses. We examine this subdomain to illustrate the aspects,
mental phenomena, or components of thinking mostly operating behind pupils´ affective
responses to mathematics, but also determine the most frequent and significant features
of their personal daily functioning in mathematics learning situations. Similarly, the ideas
and classifications within this subdomain in the model will be further developed and
applied to related mathematics education studies or research results in Chapter 4. In
Saari´s model, the subdomain of action or optional behavior, points to spontaneous
activity that consists either of overt activity or of covert planning and decision making.
We will concentrate on pupils´ covert optional behaviors which in mathematics learning
situations appear under or reflect their own control, will, and self-regulation of
mathematics learning actions and experiences. These behaviors relate to the features or
personal processes most commonly considered under the concept of motivation or
motivational learning processes.78 A new understanding of the model, based on our
dynamic study, will be clarified in Figure 3.2 and through our learning model in Section
3.4 and further in the later chapters. 
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3.4 The Dynamic Frameworks for the Study

For clarification and to offer a preliminary outlook on the dynamical theoretical
viewpoints of this study, we will introduce the basic involved conceptualizations against
mathematics learning situations, related mathematics learning models, and finally through
the designed mathematics learning model of this study. This outlook illustrates the
dynamic frames of reference for the central considerations of the rest of the study.        

3.4.1 Mathematics Learning Situations

In this study we approach mathematics learning by examining pupils´ personal affectively
laden experiences and processes with mathematics in unique learning or performance
situations, most importantly in instructional settings within ordinary mathematics
classrooms. By these it is referred especially to pupils´ interpretative, self-evaluative, and
self-regulative processes in their constitution and implementation of their individual
constructions, knowledge, and skills or personal resources with mathematics and
mathematical tasks. In this, we consider pupils´ mathematical knowledge and skills,
together with their important personal mathematical beliefs and belief systems, affective
responses or schemata and mathematics behavioral patterns to form the personal systems
or self-systems activated in mathematics learning situations and contexts in unique ways
and daily influencing the qualities of their affectve responses and mathematics learning or
performance processes.79 With these personal mathematical constructions, systems, and
patterns pupils then come to deal with mathematics learning situations and to put into
effect their personal resources or capacities, constructed on the basis of their previous
experiences with mathematics, mathematics learning events and tasks or performances,
especially in a school context. These personal systems are connected further with the
qualities of or interpretations attached more largely and socio-culturally to mathematics,
mathematics learning, and school mathematics learning environment or contexts.80

Every new personal mathematics learning or performance experience is then constituted
by the activation of pupils´ personal structures or self-systems with mathematics and by
their individual, active, and situational interpretations, self-evaluations, and learning or
self-regulatory actions with mathematical and environmental objects, tasks, and contexts
in these situations,81 in other words, by the unique activation and functioning of their
self-system processes with mathematics, or through their actions and reflections on
actions within the space of their personal experience (Steffe & Kieren, 1994). These
unique situations and personal self-system processes are here linked more specifically to
pupils´ significant affective experiences or affective self-experiences self-states with
mathematics, as derived from their beliefs, understandings, and evaluations of self in
mathematics learning situations and social environment at hand, always present, and in
important ways determining, the qualities of their mathematics learning or performance.82

Pupils´ mathematics learning processes and experiences are regarded here as all-inclusive
and constructive personal processes with the self, self-reflective, and self-regulation
processes as the central scene for their personal and unique situational mathematics
learning experiences and processes as well as for the development of these.83
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79 And, more specifically, the qualities of their self-regulatory processes and affective self-states in these
situations.
80 C.f., Cobb et al., 1989; DÁndrade, 1981; Frank, 1988; Lampert et al., 1996; Lave, 1988;
Malmivuori, 1994; McLeod, 1989a; 1992; Stodolsky et al., 1991.
81 C.f., Ernest, 1991; Malmivuori, 1994; Voutilainen et al., 1989.
82 See also Bereiter, 1990; Goldin, 1992; Hatfield, 1991; Lewin, 1991; Mandler, 1989; McDonald, 1989;
McLeod, 1989b; Silver, 1985. 
83 See also Hannula et al., 1996, 1997; Malmivuori & Pehkonen, 1996.



Moreover, consistent with the contemporary constructivist perspectives on learning, as
well as on affect or emotions (e.g., Cobb et al., 1992; Davis et al., 1990; Konold &
Johnson 1991; Leino, 1990; Mandler, 1984; McLeod & Adams, 1989; Pehkonen &
Zimmerman, 1990; Phillips, 2000; Schoenfeld, 1987a; Seeger, 1998; Thompson, 1992),
we view every new, important, or personally significant mathematics learning situation
and experience to further build up or modify pupils´ more stable personal constructions,
systems, or patterns with mathematics through their active self-evaluative, interpretative,
and self-regulative personal processes.84 Accordingly, mathematics learning or
performance occurrences consist of individual pupils and their personal and situational
processings, experiences, and actions or self-system processes with mathematics, where
the teacher´s role is more to understand85 and facilitate these, e.g., by setting up learning
environments that help pupils find the connections between new information and their
already existing mathematical constructions or beliefs, and by constituting personally
meaningful goals and structures for mathematics learning and understanding (c.f.,
Clarke, 1997; Fennema & Loef, 1992; Green, 1971; Lambert, 1990; Schoenfeld, 1987b;
Underhill 1988).

In considering these unique personal mathematics learning or performance processes
more specifically, we look at mathematical problem solving episodes, where each
mathematics learning event or performance turns into pupils´ personal efforts to solve a
particular (usual or unusual) mathematical problem in instructional settings. The involved
qualities and functioning of pupils´ self-system processes can then be connected with the
qualities of or events in a mathematics performing context or a task at hand, as well as
with various social or socio-cultural environmental features of mathematics or
mathematics learning in school context. This will be addressed by considering pupils´
personal constructive, as well as mathematics learning processes or performances,
through here suggested two-way individual-environmental mental interactions. The most
direct individual-environmental mental interaction goes on between the problem or task
context and pupils´ mental and self-regulative processes,86 and being further influenced
by pupils´ personal and situational aspects or affective self-states as well as by larger
socio-cultural and environmental features of school mathematics learning or performance.
This perspective is consistent with the recent social constructivist or socio-cultural views
of learning appeared also in mathematics educational literature.87

These views of mathematics learning are illustrated in Figure 3.2

. 
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84 Intertwined, e.g., with the significance of the mathematics learning situation at hand or of their own
mathematical performances against those of others´ (see Chapter 6).
85 E.g., by trying to clarify and understand the personal knowledge and belief structures held by pupils,
their ways of building up mental constructions, etc.
86 C.f. Goldin, 1992; Mandler, 1989; McLeod, 1988.
87 E.g., Bauersfeld, 1998; Berieter & Scardamalia, 1996; Bishop, 1985; Björkquist, 1993; Ernest, 1991;
Kruger & Tomasello, 1996; Lave, 1988; Lerman, 1998; Phillips, 2000; Yackel & Cobb, 1996. 





cognitive representational systems. Learning is then defined operationally as the
acquisition of competencies (p. 244). Goldin (1992) refers to different modes of
cognition and suggests five types of internal context-dependent representational systems
needed for an adequate description of pupils´ problem solving competence, consisting of
verbal/syntactic systems, imagistic systems, formal notational systems, a system of
planning, monitoring, and executive control, and a system of affective representation (p.
245).88 The last two mentioned systems represent the special objectives of this study. 

By the system of planning, monitoring, and executive control Goldin (p. 250) points to
the directing operations in the problem solving process, where the heuristic process
represents the most important construct. The system of affective representation refers
both to relatively stable affective constructs, called global affect, in relation to
mathematics and to the changing affective states, called local affect, and experienced
during problem solving (see also DeBellis & Goldin, 1991) and, more importantly, to
affective competencies for problem solving, including the processes from imagistic and
heuristic aspects to affective states (p. 251). However, the model says very little about
the nature of the involved affective operations, nor the linkages between the different
systems and the connections of these to environmental features, but does take notice of
the complexity of various personal structural aspects included in personal learning
processes, as well as the linkages of affect.            

Bereiter´s (1990) contextual modules in learning are designed especially for
understanding difficult learning with a description of multiple human activities in one´s
adaption to the environment that would be well applied to mathematics learning. His
notion of contextual modules89 links pupils to the learning environment through their all-
inclusive and dynamic relationships to various learning contexts, where environmental
uniqueness or the involved situated cognition (see Brown et al., 1989) is treated as an
emergent property of this modularity (p. 614). The involved acquired psychological units
of contextual modules are developed within some repeated set of conditions and consist
of an entire complex of knowledge, skills, goals, and feelings, and can be viewed further
to be included in the seven components of procedural knowledge or skills: declarative
knowledge, goal structures, problem models, affect, a persona and self-concept, and
differentiated codes of conduct, in which the components and changes are interrelated.
These separate components of a contextual module should with time become incorporated
into a larger organic unit so that all the different components become activated together as
an autonomous unit within a related learning context. By the activation of a contextual
module pupils then relate themselves to a particular environmental situation without
activation of a large amount of consciousness.90

Bereiter mentions, for example, the rather stable schoolwork module as “providing a
coherent total response to almost anything that happens in school” (p. 616), and an even
larger or higher level module he calls “the intentional learning module”, where intentional
learning “refers to cognitive processes that have learning as a goal rather than an
incidental outcome” (Bereiter & Scardamalia, 1989, p. 363). Bereiter speaks also of
experiential modules as important modules developed in relation to goals of enjoyment,
sensation, and appreciation, with “affect looming large”, but also all the other
components viewed as being included (p. 614). Other important modules in education
consist of the topic modules, including mainly declarative knowledge of the topic, but
also goals, procedures, a significant attitude toward the domain, and the concept of self
(p. 614). The model assumes pupils as active and intelligent agents constituting their own
learning with affect being essentially included. Contextual modules “as cognitive units
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second different non-verbal or non-notational cognitive systems (e.g. visual/spatial systems of
representation), and the third the conventional and formal notations of mathematics (e.g., rules for
symbolic manipulation). 
89 I.e., representations of minds.

90 I.e., without deliberate recall or decision (p. 613).



having properties of real human significance” describe pupils´ actions and orientations to
environments as based on a dynamic and unique interplay with the involved context,
mediated through already existing forms of understanding, feeling, and behaviour. How
this interplay occurs or how the different components of these contextual modules are
related to each other are not specified, but the contextuality and situatedness of the
modules are consistent with the viewpoints and aims of this study. The focus of this
study can be interpreted to deal with the suggested components of a persona and self-
concept, goal structures, and affect, as well as different codes of conduct under the theme
of pupils´ personal self-systems and self-system processes. Also, the ideas of
experiential modules and the intentional learning module viewing pupils as active agents
are consistent with our conceptual frame of reference for pupils´ agentic and intentional
self, seen here to regulate the operation of these suggested contextual modules in
mathematics learning situations.     

The Autonomous Learning Behavior model (ALB), constructed by Fennema and
Peterson (1985), represents a general pattern for mathematics learning and interactions
between affective variables, classrooms influences, and important outcomes of
mathematics education. It was designed to deal with gender differences in mathematics
and to explain the relations between affective factors and gender-related differences in
mathematics learning outcomes, especially for performances on high-level cognitive tasks
(Fennema, 1989; see also Leder, 1992; McLeod, 1992; Reyes, 1984). The critical point
in the pattern is the so called autonomous learning behaviors, viewed as crucial actions in
acquiring effective problem solving skills and further successful mathematical outcomes.
These operate as mediators in pupils´ mathematics achievements and consist of actions
like independent thinking about the problem, voluntary choice of the problem,
persistence in solving it, and success in solving it. Going through these behaviors pupils
are seen to achieve autonomy and to become better problem solvers in mathematics. They
“learn by doing” the things that generate their autonomy in learning situations (Fennema,
1989). Interrelated factors such as confidence in one´s ability, perceived usefulness of
mathematics, and causal attributions in mathematics represent the affective variables or
internal belief systems in the model that would have a direct influence on pupils´
autonomous learning behaviors. 

Differences in pupils´ interactions within the social context of mathematics learning,
classified as external factors, affect pupils´ autonomous learning behaviors both directly
and indirectly through their internal belief systems, the most common and important of
these interactions in classroom context being related to teachers´ behaviours in their
interactions with pupils.91 In her later and more extensive form of the ALB model,
Fennema (1989, p. 217) links the traditional considerations of affective variables in
mathematics educational research with recent cognitive views of affect. She relates
mathematics educational outcomes to affect so that internal belief systems are referred to
simply as affect;92 environmental aspects are named external influences, and autonomous
learning behaviors are categorized as mediating learning activities. All these then produce
variations in pupils´ mathematics educational outcomes (p. 215). We will also in this
study largely apply the mathematics educational research results produced by Fennema
and her colleagues with affective factors and included in the ALB model. Even though
detailed descriptions of the connections between affect and autonomous learning
behaviours or external factors are lacking, the ALB model raises the kind of behaviors
into central aspects and mediators between affect and succesful mathematics learning or
performance that are consistent with our efforts in this study (see also McLeod, 1992).
Together with the involved references to external factors, the ALB model constitutes a
significant preliminary outline for the learning model and considerations included in this
study.        

Expectancy-value models of learning or motivation represent the most traditional models
of achievement motivation that consider pupils´ learning outcomes or achievement
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behaviors against their expectancies of these outcomes and the subjective values attached
to the domain or task at hand (Weiner, 1992a) and further mediate the effects of various
other context- and person-related views and experiences on achievement behaviours.
These models are also applied also largely in the mathematics educational research
domain and, more particularly, in interpreting the interrelations between affective
variables and mathematics achievements. One of the most comprehensive and detailed
models of these is represented by the expectancy-value model designed by Eccles et al.
(1983; see also Reyes, 1984), which combines research results from gender-related
differences in mathematics and concerns especially pupils´ decisions about enrolling in
advanced mathematics courses. Connections between various studied affective variables
significant for mathematics learning are illustrated, as well as a framework for
considering the socio-cultural impact behind these and, further, on mathematics
achievements.93 It also connects the causal attribution model of achievement motivation
(Weiner, 1986), as well as the social cognitive learning model (Bandura, 1986) of
efficacy perceptions with the other affective variables of mathematics educational research
that will be presented and applied more precisely in Chapters 5-8.    

The most influential psychological factors in the model are represented by pupils´ current
and future expectancies or probability of success in a given situation, and their values94

attached to the task. The former can be interpreted as influenced especially by pupils´
task-specific beliefs of self-concept of ability and perceptions of task difficulty, and the
latter more directly by their long-term or immediate goals and general self-schemata
consisting, e.g., of sex-role identity or locus of control. In turn, individual differences in
task specific beliefs are in the model seen to be influenced by pupils´ past achievement
outcomes and interpretations of past events, e.g., through causal attributions.95

Moreover, for example, culturally reflected sex-role indentity in respect to mathematics is
illustrated in the model to be mediated through pupils´  perceptions96 and goals to their
task value perceptions. Each of these factors is suggested to play a role in determining the
qualities of pupils´ achievement behaviors, such as choice of activity, intensity of effort
expended, and actual performance through their expectancies and values with a particular
task (Eccles et al., 1983; p. 81). 

The model presented by Eccles et al., (1983) stresses the role of pupils´ personal
mathematical beliefs, affective responses, and self-concept, and gives special importance
to their personal constructive processes and interpretations of past performances (c.f.,
Eccles et al., 1983; p. 81). More particularly, it supports the view of self-beliefs, self-
perceptions, and self-judgments as the central conceptual framework for understanding
pupils´ personal approach to mathematical tasks and learning situations that become their
significant motivational perceptions of mathematical tasks and situations (i.e.,
expectancies and values). Further, the model combines significant socio-cultural effects97

to these personal structural, constructive, and affective aspects influencing motivational
perceptions and assessments in learning or performing. Further, the model presents a
detailed description of the significant developmental components behind pupils´ self-
perceptions, mathematical perceptions, and mathematical performances. Like the ALB
model, and also this study, Eccles´s model deals with the significant belief systems and
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93 The model was constructed on the basis of research results obtained through path analyses and cross-
lagged panel analyses with fifth through twelfth grades, and consisted of two different components: the 
psychological component dealing with the determinants behind achievement behaviours and the
developmental component considering the origins of individual differences in these determinants 
(Eccles et al., 1983, p. 79). 
94 I.e., attainment value, intrinsic value, utility value, cost of success or failure (Eccles et al., 1983, p.
81, 89).
95 On the other hand, significant other persons´ behaviours, self-concepts, attitudes, and expectations for
pupils would operate behind all these personal factors and interpretations. 
96 E.g., through role modeling or causal attributions.
97 I.e., socializers´ views and influences.



interpretations or affective aspects seen to operate behind gender-related differences with
mathematics, including causal attributions, confidence in one´s ability to do mathematics,
and perceived usefulness of mathematics. But, unlike the ALB model, Eccles considers
persistence in mathematics and choices of mathematics simply as achievement
behaviours, instead of mediating learning behaviours. 

Another achievement motivational model with expectancy-value framework for
mathematics learning behaviors is proposed by Dweck & Elliot (1983), who suggest
how pupils´ beliefs may influence their motivation and performances, especially their
beliefs about the nature of mathematics and mathematics learning, or about the nature of
intelligence and mathematics learning goals. Accordingly, two different considerations of
these interrelations are suggested. The entity view of intelligence or mathematics ability
as a fixed and global trait is connected with pupils´ performance orientation with goals
and value of competence judgments and with their beliefs that ability is displayed through
performances. This line is further consistent with Nicholls´s (1984) notion of ego-
orientation.98 Instead, the incremental view of intelligence or mathematics ability would
relate to the value of skills, activity, and progress achieved through personal effort,
combined with valuing learning as the goal as such and efforts to improve one´s level of
competence with a sense of mastery, against self-referenced standards. This line is named
learning-oriented behaviours, or consistent with Nicholls (1984), as task-oriented pupils
(see also, e.g., Boekaerts, 1995; Borkowski et al, 1990; Meece, 1994). These different
lines in mathematical beliefs are seen to determine pupils´ perceptions of their own
mathematical goals, their values with mathematics learning, their expectancies of
mathematical performances, the targets of their pursuits or avoidances in mathematics, as
well as the characteristics of their affective experiences with mathematics, along with
maladaptive or adaptive motivational patters (Dweck, 1986). 

A modified form of both of the expectancy-value models presented by Eccles et al. and
by Dweck & Elliot has been constructed by Bassarear (1986), who studied mathematical
outcomes as a function of mathematical attitudes and beliefs among college students. This
pattern connects the basic elements of these two achievement motivation models into a
structural presentation that will be further developed in this study. In his model,
Bassarear considers categories of affectively intertwined variables such as pupils´ beliefs
about the nature of mathematics, of intelligence, or of learning, as well as learning goals
and anxiety behind students´ cognitive sets and affective states due to their past events
and interpretations of these past events with mathematics. Values, expectancies, and
goal/means salience are connected with confidence, task difficulty, and importance
perceptions that have a direct influence on students´ achievement behaviors such as
persistence, attention, choice, and study habits, and further, on mathematical outcomes
(Bassarear, 1986, p. 31).     

3.4.3 The Learning Model of This Study

In the learning model of this study we will interpret similar affective variables and
research results as in the models above. With respect to these, a basic division is made
between pupils´ self-beliefs with mathematics and their beliefs about mathematics and
mathematics learning or teaching, with self-beliefs and related phenomena constituting
our primary focus. These notions involving the recent and generally acknowledged basic
categories of mathematical beliefs.99 However, instead of concentrating on only some
particular features of mathematics learning, variables, or concepts, we try to produce a
more comprehensive and unifying stand on these mathematics research results, learning
models, and variables with affect that can be then applied more generally with respect to
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98 I.e., intertwined with seeking to demonstrate high ability or to gain favorable judgments of one´s
abilities in relation to those of others´.
99 C.f., Lester et al., 1989; Malmivuori, 1994; McLeod, 1989a; 1992; Pehkonen & Törner, 1996;
Schoenfeld, 1985a.



the learning of other school subjects or domains. This kind of integrative perspective is
suggested also e.g. by Bandura (1993) who views his social cognitive perspective on
achievement motivation with the self-efficacy construct as consistent with the causal
attribution model, as well as with goal theories of motivation. In addition, we seek to
emphasize the dynamic aspects of these significant variables and constructs by looking at
personal learning processes and dynamic linkages with the essential components of
mathematics learning. Both central aspects of the study will be connected to pupils´ self-
systems and self-system processes with respect to mathematics learning and
performance, in which the self and self-processes come to represent the upper larger
conceptual framework for these dynamical personal aspects and considerations. More
specifically, we consider pupils´ self-interpretative and self-evaluative processes, their
ongoing affective self-states, and their self-regulation processes and states in mathematics
learning or performing. As the role of individual and unique cognitive performances is
central in mathematics learning, detailed examination of pupils´ personal learning or
performance processes against these self-systems and self-processes with affect is
viewed here as highly appropriate, especially for the deeper understanding of
mathematics learning. This point of view is confirmed by the vast amount of related
mathematics educational research results on self-concept and mathematics learning
included in the learning models above. 

Stressing the dynamic features of affect, cognition, and social environment against
personal and self-regulative mathematics learning processes means that we will also
distinguish between pupils´ more stable personal structural aspects or self-systems and
their personal self-system processes with mathematics (see Figure 3.2). The former
category points to pupils´ more stable or habitual and structural cognitive, metacognitive,
and affective sets or systems and behavioural patterns with mathematics due to their past
experiences with mathematics; the latter points to their activated personal capacities and
self-systems through their affective, cognitive, and behavioural processes and self-states
with involved self-regulative processes and different degrees of self-awareness or self-
reflective capacity in particular mathematics learning situations. As in the models above,
we will take notice of past mathematics learning and experiences behind the qualities and
development of pupils´ personal mathematics learning processes, self-systems, and
affective responses with mathematics. More specifically, these developmental aspects are
attached here to the qualities of their interpretative and evaluative processes with past and
ongoing events, together with their intertwined self-reflective and self-regulative or self-
directive capacity100 and processes in any mathematics learning situation. In addition to
the qualities, activation, and development of mathematical self-systems, pupils´
interpretative or evaluative, self-regulative, and ordinary cognitive, affective, and
behavioural capacities or processes at their disposal, and active in a mathematics learning
situation, are always occasioned by other personality aspects, as well as by various
contextual and socio-cultural features of mathematics, mathematics learning, and
mathematics learning situations which then constitute the influential personal or
environmental frame of reference for each personal mathematics learning experience and
performance. These can be viewed as the interactive background against which pupils´
personal mental structures, capacities, and/or processes of self-systems are put into
effect. The learning model of the study is presented in Figure 3.3.             
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In our model, pupils´ self-systems are viewed to consist of their metacognitive,
cognitive, and affective sets or schemata and behavioural patterns with mathematics and
mathematics learning. In addition to ordinary mathematical knowledge structures and
understanding or skills (e.g., mathematical concepts, problem-solving strategies, etc.),
the information base for pupils´ personal, affectively laden, and self-regulatory capacities
and processes with mathematics is viewed here to consist of the activation and
development of their general metacognitive knowledge and strategies in mathematical
performance or problem solving, further interpreted here as importantly intertwined with
self-belief and/or self-knowledge structures, as well as significant metacognitive or self-
directive and self-regulative beliefs about mathematics and mathematics learning or
problem solving. These beliefs become accompanied by their influential affective
responses and behavioural patterns with mathematics and mathematics learning or
performance. Under the category of self-belief systems, we will take notice of the
constructs referred to as pupils´ self-confidence, self-efficacy, and causal attributions
with respect to mathematics, and, even more specifically, of their involved agency and/or
control beliefs in mathematics learning, performance, or problem solving. Under the
category of beliefs about mathematics and mathematics learning we will deal with
previously studied variables such as beliefs about the nature of mathematics or
mathematical tasks, about the usefulness of mathematics, and about the means for
mathematics learning or problem solving.  

The qualities of these personal self-systems with mathematics constitute the basis for the
activation and development of pupils´ self-system processes in mathematics learning
situations. The activation and development of these self-systems, in turn, depend on the
pupils´ past experiences with mathematics, personality aspects, and the qualities of the
mathematics learning situation as interpreted and evaluated by pupils. The primary focus
in pupils´ self-system processes is attached here to their activated self-regulative capacity
or processes, including the degree of self-awareness or self-reflective capacity and their
evaluations and judgments of the self against the situation, the emergence of their
personal agency and self-directive constructions and, finally, the qualities of self-
regulation, self-direction, and self-control activities with their personal capacities, states,
and processes with mathematics. By self-directive constructions, we refer, for example,
to pupils´ mathematics learning or performance goals, expectancies, plans, and interests.
Direction, regulation, and control actions point to monitoring, decisions on performance
or learning actions, control activity., etc., all of which are further reflected in pupils´
persistent behaviours, effort expenditure, or use of metacognitive strategies, together
with the qualities of their affective self-states with mathematics. Cognitive capacities or
processes consist of pupils´ activated ordinary performance processes, behavioural
patterns, and actions with mathematics due to the activation, construction, and application
of individual mathematical knowledge and skills. Affective capacities or processes point
to pupils´ affective arousals, states, and responses while engaged in doing mathematics.
Pupils´ self-regulative capacity or processes together with these ordinary personal
cognitive and affective capacities or processes are further occasioned by the particular
contextual and socio-cultural features of the mathematics learning or performance
situation, so that unique personal and situational environmental features finally determine
the qualities of pupils´ mathematical performances with particular outcomes or
achievements and affective self-experiences with mathematics, which are turned into new
mathematics learning experiences to be assessed. 
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4 BELIEFS AND PERCEPTIONS AS COGNITION BEHIND
AFFECT AND ACTIVITY

The terms “belief” and “belief system” have been used in mainly the same way by
psychologists and by mathematics educators (Hart, 1989a). The term “belief” can be seen
to derive as early as from about a thousand years ago, with Plato´s and other
philosophers´ studies on humans. Ever since, the concept of belief has represented a
central term, both in general philosophical writings, and especially in analytic
philosophical descriptions. Within other scientific domains, beliefs and belief systems
were examined mainly in social psychology in the beginning of this century (Thompson,
1992). Shortly after this time, the triumphal march of behaviorism caused researchers in
psychological domains to focus their attention on observable human characteristics, and
beliefs were nearly forgotton. The rising of cognitive psychology and cognitive sciencies
in the 1970s101 once again shed light on internal human characteristics, and in
consequence also on beliefs and belief systems (Abelson, 1979; Hart, 1989b). This was
further strengthened by the increased interest in beliefs in psychology, political science,
anthropology, and education in the 1980s. Within educational scientific domains, the first
references to beliefs (of pupils or teachers) appeared in mathematics educational studies
or mathematical problem solving research at the beginning of the 1980s (e.g., Silver,
1982; Schoenfeld, 1983). 

As opposed to logically true and externally verifiable scientific or objective knowledge,
the philosophical concept of belief has been attached to subjective or untested knowledge
accepted as facts (Leino, 1989; Lester et al., 1989; Skemp, 1979; Thompson, 1992). In
addition, terms such as concepts, meanings, propositions, attitudes, rules, preferences,
and mental images have been equated with beliefs by researchers within other scientific
domains, especially within social psychology (Hart, 1989b; Manstead, 1990; Thompson,
1992). In everyday English language and communication, the term “belief” has been
used to express such things as faith, mental acceptance or conviction, opinion, trust, and
also doubt or cognitive hesitation (Jones, 1990; Morris, 1970; Sinclair et al., 1987). A
more comprehensive conceptualization is represented by the view of beliefs as associated
with one´s ways of looking at the world and one´s expectancies (Jones, 1990; Rokeach,
1960; Schoenfeld, 1983). As with the emotional terms of the subdomain of feelings
presented in Section 3.3, even more variation is produced by various translations of the
word “belief” or the verb “believe” into other languages (and cultures) that differ from
Anglo-American cultures. For example, in English, the term believe may also refer to
“having faith or confidence,” and also to verbs like “think” or “judge” and “suppose”
(Morris, 1970; Sinclair et al., 1987), reflecting a sort of cognitive hesitation or
supposition. Instead, the corresponding Finnish word “uskomus” (belief) and the verb
“uskoa” (believe) are used most often to indicate a rather firm faith.  

Generally, to give a common definition for the concept of belief has been viewed as a
very difficult task, and usually it has been ignored (Abelson, 1979). However,
researchers in different scientific domains have agreed upon the general significance of
beliefs for individuals´ experiences, and also upon the meaning of these experiences
(Jones, 1990; Thompson, 1992). Like Lester et al. (1989), Pehkonen & Törner (1996,
p. 102) consider mathematical beliefs to be compounded of subjective (experience-based)
implicit knowledge (and feelings) concerning mathematics and its teaching/learning. As
in the above model of affective domain, the significance of beliefs can be viewed to be
related to a kind of personal evaluative judgment involved in the construct called belief.
This implies that beliefs consist of more or less direct perceptions of an object,102 but
include as well a form of appraisals of the attributes immediately attached to the personal
interpretations of the object (c.f., Ajzen, 1988). This subjective acceptance, rejection, or
even suspension (Hart, 1989a) of the positively or negatively evaluated attributes
(Fischbein & Ajzen, 1975) brings more or less intensive personal affective tones as
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linked to the related mental (stored) constructions or to the activation of or processing of
these constructions (Hassi, 1992; Malmivuori, 1994). This theoretical aspect of beliefs
creates the linkages of the constructs or, more generally, of cognition to the phenomena
called above affect, affective domain, or affective factors, and further to subsequent
personal  behavioral structures and processes intertwined with affect. Accordingly,
beliefs are suggested to intersect the cognitive and affective domains (Pehkonen, 1992;
Silver, 1985).   

We will choose here a general stance toward the deposit of beliefs, according to which a
belief or the related composition of reflections103 are referred to loosely as mental
constructs or constructions. These may be combined with multiform information from
the pupil´s past, i.e. conceptual (semantic) units, mental images or pictures, codes for
affective experiences, etc. included in various modules or aspects of mind (c.f., Bereiter,
1990; Goldin, 1992; Temple, 1990). In this study, beliefs are chosen to represent the
significant cognitive or socio-cognitive aspects behind (or with) pupils´ affective
responses, as well as their self-regulatory features of mathematics learning or
performance. The formulation of the related mental compositions with mathematical
beliefs is then regarded as being stable, clear, and personal that in one way or another
influences pupils´ world of mathematical ideas, self-views with mathematics, and
interpretations in mathematics learning situations. Through these personal constructs
pupils take a stand, experience, and act in mathematics learning situations or in a social
mathematics learning environment.104 We may also deal with beliefs as a kind of
semipermanent structure of pupils´ thoughts (c.f., Ernest, 1989)105 giving the mental
context for (i.e., the paths for the flow of) pupils´ situational thoughts, affective
responses, and regulation of their own mathematics learning processes. From this point
of view, pupils´ beliefs also “operate,” influence, and “participate,” i.e., they are
dynamic in nature (Malmivuori, 1994; Thompson, 1992). These personal mental
processes and influences of beliefs are considered here as more essential for pupils´
affective mathematics learning experiences and self-regulatory acts106 than the question of
the representative characteristics of the involved information units with beliefs (c.f.,
Cobb et al., 1992). In practice, beliefs always come to influence and function (are
evoked and reflected) in relation to a particular mathematics learning situation and
environmental context and within pupils´ personal features or mental context, in which
beliefs represent significant participators as well as regulators of their personal
mathematics learning processes and unique affective mathematical experiences.     

In this chapter, we will first consider the various conceptualizations or qualities of pupils´
beliefs or “dimensions of their belief and belief systems” that discern those important
aspects of beliefs suggested here to essentially influence the construction, sustenance,
effects, and functioning of pupils´ personal beliefs in their affective responses and
actions with mathematics. After this, a short introduction will be given of the nature of
pupils´ beliefs about mathematics and about mathematics learning and teaching. A more
thorough analysis is offered of the nature, development, and role of pupils´ self-
perceptions and self-belief systems in mathematics learning. These conceptualizations
form the basis for interpreting their self-systems and self-system processes in the latter
part of the study, as well as for considering affect against cognition in personal
mathematics learning processes.       
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4.1 General Characteristics of Beliefs and Belief Systems

A deeper look at the different aspects or qualities of beliefs and belief systems will shed
light on their connections with related conceptual frameworks or phenomena. We will
apply the notions of these qualities to pupils´ beliefs and to mathematics learning in
particular.     

Qualities Based on the Given Model of Affective Domain

In his model of the affective domain of personality, Saari (1983; see Figure 3.1.) refers
to Bem (1972), and deals with various beliefs according to the consciousness and
extensiveness involved in the processings behind. We view the different levels of these
qualities or dimensions of beliefs to relate both to pupils´ cognitive constructions or
situational reflections of mathematical beliefs, and the ways in which their beliefs
influence their thinking, feelings, and actions with mathematics. The six basic categories
of beliefs, in order of increasing consciousness and extensiveness, are named by Saari as
simple beliefs, simple inferences, conceptions, opinions, ideologies and convictions, and
the world view. Saari defines simple beliefs (p. 30) as perceptual beliefs or beliefs based
on an authority that become accepted as facts, on the basis of an observation or of a given
view of some respectable person. Weak consciousness and control107 with highly
automatic or spontaneous cognitive processing can be linked to the adoption, retaining,
evoking, and influence of such beliefs. None the less, simple beliefs may be highly
stable and strongly influential within pupils´ mental and mathematics learning processes.
Within mathematics education research domain, this kind of belief is most commonly
referred to as pupils´ expectancies.    

We view early constructed and deeply rooted beliefs about self to represent the most
important category of this kind of belief, due to the simple (illogical/weakly organized)
processings and weak consciousness involved in their adoption.108 In addition, all those
instinctive impressions that pupils develop and store in their early mathematics
classrooms and from which their beliefs about themselves as mathematics learners can be
seen to strongly derive are important examples of this category of belief. More particular
examples of important simple perceptual beliefs might be pupils´ early constructed beliefs
about the ways of presenting mathematical objects and tasks or about mathematics
learning behaviors within school context. During their later years of schooling, simple
beliefs based on authority represent a very common form of mathematical beliefs, based
on a large number of abstract mathematical concepts and “facts” daily considered and
adopted by pupils and stated by mathematics teachers or transmitted through mathematics
text books (at least in the traditional form of mathematics instruction). Pupils´ serious
individual contact with the mathematical objects or constructs and their personal deeper
understanding or reflection on the meaning and role of the presented concepts, rules,
structures, and strategies of mathematics and mathematical performances are lacking.109

Most pupils´ applied daily mathematics-related beliefs110 in real learning or performance
situations may be classified as simple inferences that are viewed by Saari (1983, p. 30)
as based on simple conclusions consisting further of two or more simple beliefs and
recognized by persons without clear or conscious cognitive processing behind. This
category is named simply “beliefs” in the model, and Saari suggests that the category
represents the traditional view of beliefs used in literature. Pupils´ inferences derived
from their own mathematical performances  in order to further construct and develop their
views of themselves with mathematics111 can be seen to represent one example of these
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110 At least at the primary and secondary school levels.
111 E.g., in the form of causal attributions; see Section 4.6.4.



kind of beliefs. But all kinds of pupils´ daily expressed spontaneous acceptances or
rejections of mathematical issues, tasks, and acts due to their own perceptions of
different aspects of mathematics learning and teaching can be included in this category of
beliefs. Conceptions in the model represent beliefs in which cognitive processing has
become more conscious, especially the personal premises for these beliefs (Saari, 1983,
p. 31). Awareness of the premises112 makes it possible for pupils to defend and account
for their personal beliefs. Conceptions represent a more general construct by which
pupils relate mathematics learning or performance situations, tasks, and a learning
environment with themselves. Accordingly, various argued and clear views of self,
mathematics, mathematical tasks, and of mathematics learning and teaching can be
classified as pupils´ mathematical conceptions.113 Pupils´ argued beliefs about efficient
mathematics learning, their beliefs about those common factors needed in succeeding in
mathematical performances, and their argued specified attributions for own mathematical
failures serve as examples of mathematical conceptions. 

An even more conscious and extensive kind of beliefs are called opinions in the model,
based on a set of beliefs, conceptions, and deductions that operate as premises for these
opinions (Saari, 1983, p. 31).114 Quite a large area of pupils´ consciously held
mathematical views can be covered by this category of beliefs, which can be clearly
discussed and given reasons for by pupils. This kind of belief is represented increasingly
at higher grades of schooling and along with pupils´ maturation.115 Mathematical opinions
can be seen to include pupils´ larger views of how mathematics should be taught to make
all pupils learn, what personal and educational factors should be considered for deciding
on pupils´ mathematics marks and why, and pupils´ views of the nature or characteristics
of mathematical concepts, arguments, or problem solving processes. Conflicts between
or consistency within pupils´ mathematical opinions depend on their even more extensive
constructions of beliefs, named by Saari as ideologies or convictions. These are defined
by Saari (p. 32) as belief systems that consist of beliefs like opinions but that furthermore
preconceive a significant, conscious or unconscious, belief116 held by the person. This
central belief makes the entirety of involved opinions consistent within a considerable
extension of persons´ lives. Thus, all the developed personal opinions in one domain or
context are consistent with the central unique belief or beliefs, hence strongly determining
the nature of the other constructed beliefs and opinions within that belief system.
Accordingly, a conviction involves increased personal flavours,117 whereas an ideology
reflects more general (socio-cultural) trends of ideas. The most extensive level of beliefs
in the model is called a world view or a view of life, which can be illustrated as an all-
inclusive, organized, and consistent view of the world and a human´s position in it (p.
33). In this way, it is a view of life held by individuals, in which the world constitutes
the backround against which they understand themselves. 

Pupils´ belief systems characterized as ideologies or convictions may be too extensive to
construct only for mathematics and its learning. However, if we consider the quality and
consequences of the very common (and often unconscious) mathematical belief as:
“There is and should always be a certain rule or procedure behind every mathematical
problem that leads to the right answer” (see Section 4.3), we may identify it with a kind
of ideology spread among all pupils of various grades, schools, and cultures (c.f.,
Frank, 1988; Pehkonen, 1992; 1995; Schoenfeld, 1985a). At an individual level, this
kind of a belief represents pupils´ mathematical convictions. Many other directly
mathematics-related beliefs appear derivative of and linked to this perceived and highly
central single belief. It may then essentially dominate the constructions of several other
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forms of their mathematical views.118 Furthermore, it tends to direct pupils´ ways of
approaching mathematics along a particular, consistent, and rather stable behavioral or
motivational pattern, called external view of mathematics and its learning.119 All
personally held beliefs and belief systems associated with mathematics, i.e., with the
qualities and contents of mathematics or of mathematics learning and teaching, domain-
specific or socio-cultural environments, or of pupils themselves as mathematics learners
and doers, thus represent pupils´ mathematical world view or their mathematical view of
life. This is further consistent with Schoenfeld´s (1985a) notion of students´
mathematical world view. It determines and is reflected in pupils´ personal
understandings, judgments, affective responses, and actions with mathematical objects,
mathematical tasks, as well as mathematics learning situations, and often also generally
within the social and cultural mathematics learning and teaching environment (c.f.,
Törner & Pehkonen, 1996).         

Structural Characteristics of Belief Systems

The term belief system derives from the developments within information processing
theories and perceptions made of the so-called knowledge systems in computers and
studies of artificial intelligence (Hart, 1989b). The general structural features of belief
systems indicated in mathematics problem-solving and educational research are then
considered as compared to the qualities of knowledge systems (Hassi, 1992;
Malmivuori, 1994; Törner & Pehkonen, 1996). As distinct from specific, consistent, and
purely logical knowledge systems, beliefs systems are viewed to represent more general
or common psychological systems with high complexity. These are intertwined with
one´s personal meanings, appreciations, and affective tones and derived from one´s
personal experiences and/or large episodes of information.120 The complexity of belief
systems means also that beliefs constitute more a kind of open system often involving
parts of other potential belief systems121 making belief systems thence often rather
extensive (Abelson, 1979). The viewed illogical or quasi-logical structure of belief
systems means that the linkages between beliefs derive from individuals´ more or less
simple personal perceptions, and that these linkages do not develop along with the true
logical connections between these beliefs (Green, 1971). Instead, like with single beliefs,
this kind of connections are supported by lack of argumentation or rational criticism
(Green, 1971; Malmivuori, 1992; Thompson, 1992). The structure of a belief system
may also differ greatly from that included in another belief system of the same person or
another person.122 This may be true even when the beliefs within a belief system deal with
similar issues (e.g., a mathematics teacher´s beliefs about mathematics learning and, on
the other hand, his beliefs about learning to teach). Believers are also usually aware that
other persons may have a different kind of belief about the same subjects. Disputability is
generally associated with beliefs but not with knowledge (Thompson, 1992). This aspect
can be reflected further as disorganization in pupils´ thinking, perceived affective
responses, and mathematics learning actions (c.f., Jones, 1990; Malmivuori, 1994;
Saari, 1983; Schoenfeld, 1985a).

In addition to these general structural aspects, we may differentiate between various
kinds of belief systems according to the characteristics of included belief constructions.
Above we considered the categories of pupils´ beliefs in the given model of affective
domain. One essential additional quality relates to the psychological centrality of beliefs
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Pehkonen, 1996.
120 E.g., from powerful memories, deep presumptions of the existence of some phenomena (Abelson,
1979; Jones, 1990; Malmivuori, 1994; Rokeach, 1960; Saari, 1983; Underhill, 1988.
121 E.g., of ideal belief systems. 
122 I.e., belief systems are not consensual (Abelson, 1979).



unique for each person and suggested by Green (1971). A highly important, even
unconsciously held and/or simple, belief may form a psychological core in one´s belief
system, i.e., a primary belief. It essentially influences or dominates one´s interpretations
of his/her own experiences and guides the construction as well as effects of less central
beliefs, or derived beliefs, within that belief system (Jones, 1990; Hassi, 1992). The
stability or permanence of beliefs again points to the tendency of beliefs to change. The
more psychologically central beliefs, the less probable are the changes in these beliefs.
With highly stable and/or central beliefs, we may refer to another psychological aspect of
beliefs, the depth of beliefs (Kaplan, 1991). Deep, often unconsciously held, beliefs are
committed to intellectually and affectively, and would be strongly defended if challenged.
Surface beliefs with weaker psychological strength and/or increased prononess to change
(Kaplan, 1991) represent conscious beliefs based more on objective statements. Another
aspect of belief systems, related to these psychological qualities of beliefs, includes
Green´s idea that “... beliefs always occur in sets or groups” (1971, p. 41). These
clusters of beliefs represent a sort of individual mental subsystems and appear in total
isolation from other parts of related belief systems. For example, pupils may have such
contradictory beliefs about mathematical problem solving as beliefs about the usefulness
of geometrical problem constructing, and about the inefficacy of problem demostrating
(Hassi, 1992; Malmivuori, 1994; Schoenfeld, 1983; 1992).  

The above described extensiveness of beliefs or belief systems classifies pupils´ beliefs
according to the number of other connected beliefs, of the links between the involved
beliefs, or of analogues with other held related beliefs that are not included in the same
belief system (Saari, 1983). This illustrates both vertical and horizontal structures of
belief systems. Extensiveness or vertical and horizontal qualities of beliefs or belief
systems imply thence significant consequences to the extent pupils´ beliefs influence their
thinking, understanding, and behaviour. If a mathematical belief system is highly
extensive, it influences frequently mathematics learning situations and hence the qualities
of pupils´ interpretations, affective responses, learning processes with mathematics. The
contrary is then true with pupils´ concise mathematical beliefs and belief systems. Single
beliefs with few relations to other more or less deep beliefs within that particular
mathematics learning context or domain123 as well as within other mathematical domains124

constitute the other extreme of this structural dimension of beliefs. We can view this kind
of conscise belief system to operate only in restricted mathematics learning situations and
contexts, influencing pupils´ interpretations, responses, and actions in highly content- or
situation-specific related situations.  

The degree of consciousness in125 pupils´ beliefs was above linked with the extensiveness
of their mathematical beliefs. We consider the degree of consciousness to constitute an
essential feature both in respect to the depth, stability, and centrality of pupils´
mathematical beliefs. A more consciously constructed, reflected, and applied belief can
also be more easily affected, controlled, and changed by individuals (Malmivuori, 1994).
We will later in this study consider this as an essential aspect of pupils´ mental activity
and personal mathematics learning processes. It constitutes further one basis for our
dynamical description of pupils´ affect, cognition, and self-regulation in mathematics
learning situations. In respect to belief systems as such, a degree of consciousness is
closely intertwined with other significant structural qualities of belief systems, as with the
quasi-logical structure of belief systems, appearance of belief clusters, affective
involvement in beliefs or belief systems, and flexibility of belief systems. The stability,
depth, and psychological centrality of beliefs, together with the often involved clusters
and quasi-logical relations between beliefs, refer to the important sustenance and effects
of these kinds of pupils´ mathematical beliefs, to the weak possibilities of these kinds of
beliefs to change or develop, as well as to pupils´ weakened capacity to adopt new
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information and ideas or to proportion new experiences to familiar reflections.126 Increase
in flexibility of belief systems is viewed here to relate to an increase in consciousness or
awareness and logical connections, and to decrease stability, depth, centrality, and
clusters of pupils´ beliefs. Highly flexible belief systems can then be referred to as
pupils´ open, well-functioning, and well-developing personal systems that become close
to the knowledge system generally studied in cognitive science (Malmivuori, 1994; c.f.
Rokeach & Restle, 1960).        

4.2 Conceptualizations for Mathematical Beliefs

Despite increased interest in and agreement on the significance of mathematics beliefs,
differences remain between the various approaches to mathematical beliefs, due to the
variation in traditions of different scientific domains, and/or the above mentioned
variation in the used research methods and orientations (see Chapter 2). First,
mathematical problem solving studies derive mainly from general research results on
human problem solving and the information-processing view of cognition dominating
recent cognitive psychology or cognitive science. Emphasis has been laid on hypotheses
for and perceptions of generally applicable human cognitive processes and/or on the
effects of specific contextual or discipline-related mathematical beliefs127 on pupils´
cognitive functioning during mathematics performances. Recent socio-cultural
approaches to beliefs, in turn, focus on the presence and influence of directive socio-
cultural interpretations, norms, meanings, and values in the school mathematics learning
context and practices.128 On the other hand, studies in line with the traditional attitudinal
approach to pupils´ mathematical views focus on some specific, dominating, obvious,
and even universal general belief constructions which are found to be related to gender
differences in mathematics and/or to strong affective responses toward mathematics.129

These views are supposed to have longer term, generally applicable, and quantitatively
measurable effects on mathematics achievements.130 In this study, we will take notice of
each of these three different approaches to beliefs and apply the related research results to
our perspectives on pupils´ beliefs. But unlike these perspectives, we will focus more on
pupils´ personal features or situational mental and behavioral processes with their beliefs
and their constitution of their own affective experiences and actions in mathematics
learning situations due to their mathematical beliefs.       

The most common context for dealing with pupils´ beliefs consists of research results on
mathematical problem solving situations. These results reflect pupils´ beliefs or
perceptions of mathematics against the pervceived disturbances or restraints in their
mathematical knowledge acquisition and utilization (Frank, 1988; Garofalo, 1989; Lester
et al., 1989; Schoenfeld, 1983; 1985a; 1992; Silver, 1987; Thompson & Thompson,
1989). This kind of emphasis on cognitive performances connects pupils´ beliefs closely
with their general mathematical knowledge structures, but does not specify the
differences between these and mathematical beliefs or  between mathematical beliefs and
mathematics attitudes. This view is reflected, for example, in Schoenfeld´s (1983; 1985a)
much referred to definition of beliefs as one of the four categories in knowledge and
behaviour necessary to characterize mathematical problem solving, the other three
consisting of mathematical knowledge, strategies and techniques, and control. In
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1985a; 1992).
128 Bishop, 1988; Bishop & Abreu, 1991; Cobb et al., 1989; 1994; Eisenhart, 1988; Grows & Cramer,
1989; Lave, 1988; Nunes, 1992.
129 E.g. self-concept, beliefs about mathematics importance, and views of mathematics as a male domain:
Eccles et al., 1983; Fennema, 1989.
130 Like mathematics achievements or the number of mathematical courses chosen; see Chapter 2; Leder,
1987; 1993.



accordance with cognitive theorists´ definitions (e.g., Colby, 1973), beliefs as concepts
are seen to represent certain types of judgments about conceptualizations or concepts,
related especially to the nature of mathematics and mathematical arguments.131 The
tendency to classify mathematical beliefs as a certain kind of conception about
mathematics or mathematical knowledge then seems obvious (c.f., Pehkonen, 1992;
Schoenfeld, 1985a; Thompson, 1992). This problem solving or cognitive perspective to
beliefs tends to ignore the other possible objects or aspects of mathematical beliefs, and
also the evaluative component usually included in the socio-psychological notions of
beliefs. 

Recent attempts to pay more attention to the socio-cultural or unique aspects of
mathematical performance and to pupils´ personal perceptions and interpretations have
enriched the picture of mathematical beliefs. The same applies to tendencies to connect
the concept of belief to the more traditional affective terms as to particular mathematics
attitudes which have added evaluative and affective engagement to pupils´ personal
beliefs and belief systems. Perhaps the most evident result of these latter suggestions is
represented by the decision to consider mathematical beliefs as similar to mathematics
attitudes, or to view these as one category of mathematics attitudes (Fennema, 1989;
Silver, 1985). This practice, accepted also by some psychologists (see Hart, 1989b;
Manstead, 1990), applies to recent quantitative studies on mathematical attitudes, as well
as to recent classifications of affective factors in mathematics. “Beliefs” and “attitudes”
are often used as interchangeable synonyms. Accordingly, the affective involvement in
beliefs can be seen as clearly acknowledged. Lester et al. (1989), in their descriptions of
noncognitive and metacognitive factors in mathematical problem solving, choose to
classify only pupils´ beliefs about external mathematical objects and ideas as beliefs, and
consider the rest of their beliefs to be beliefs about self as attitudes. Another view of
these suggested distinctions between beliefs and attitudes is given by Bassarear (1989),
who considers beliefs and attitudes as opposite poles of a bipolar dimension. A similar
idea of continual dimensions among the common affective terms of mathematics
educational research is represented by McLeod´s (1989a; 1992) conceptualization of
beliefs, attitudes, and emotions as a list of various affective factors in order of increasing
affective involvement, decreasing cognitive involvement, increasing intensity, and
decreasing stability (see Section 2.4). Accordingly, mathematical beliefs are classified as
pupils´ affectively intertwined constructs or responses having the largest amount of
cognitive involvement and the least amount of affective involvement, together with low
intensity and high stability. Further, McLeod (1989a) distinguishes between mathematical
beliefs involving little affect (e.g., beliefs about mathematics as a discipline) and beliefs
of a stronger affective component within (e.g., beliefs about self). These perspectives
will be applied later in this study.  

Theoretically, a maybe more accurately argued and more consistent conceptualization
between the common affective terms in mathematics educational research relates to the
view of beliefs as one of the three components of attitudes, in addition to an emotional
and a behavioural component (see Section 2.4; Hart, 1989b; Leder, 1993; Saari, 1983).
Consistent with some general socio-psychological perspectives,132 as well as with the
above model of affective domain (Section 3.3), the belief component is viewed to
express one´s conceptions or views about some object, as distinct from the emotional and
behavioural components of attitudes. In consequence, mathematical beliefs are equated
with conceptions of what mathematics is or how it is used (Hart, 1989b). This links
pupils´ beliefs closely to their affective reactions, and to their mathematics learning
actions, thus representing an appropriate frame of reference for consideration of the
dynamics of pupils´ affect, cognition, and self-regulatory behaviors with mathematics. In
addition to conscious conceptions, mathematical beliefs in this study will be used to
denote all kind of pupils´ (mental) constructions, involving their more or less consciously
held and more or less well-structured (organized) views about or expectations of the
diversified aspects of mathematics, its learning and teaching, or of themselves with
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mathematics. 

Mathematical belief systems are considered here as pupils´ more or less consistent or
uniform and rather stable basic mathematical mental constructions, frames of reference,
or structures that operate behind their individual and situational interpretations,
behaviours, and affective responses related to mathematics or mathematics learning
situations (Hassi, 1992; Malmivuori, 1994). These belief systems constitute pupils´
personal (psychological) constructive basis or mental network133 for understanding and
dealing with mathematical objects, mathematical arguments, symbols, or tasks, and
mathematics learning situations or contexts. As Schoenfeld (1992, p. 358) states,
mathematical beliefs represent “an individual´s understandings and feelings, that shape
the ways that the individual conceptualizes and engages in mathematical behavior.” These
beliefs are a subjective (i.e., individually held) implicit knowledge base (Lester et al.,
1989; Pehkonen & Törner, 1996) concerning mathematics, mathematics learning and
teaching, and the self, which is actively and more or less consciously reflected, applied,
and expressed in mathematics learning situations. In consequence, beliefs are the main
conceptual or mental channels for personal sense making, experience, orientation, and
doing and learning with mathematics. As mental structures, belief systems represent
“broad constructs cutting across systems of representations” involved in mathematics
learning (Goldin, 1992, p. 254). 

Categories of Mathematical Beliefs

A rather consistent consensus dominates, as with attitudes toward mathematics (Leder,
1987; McLeod, 1989a), that beliefs about mathematics vary along with the learning
contexts, objects, tasks, and situations in question. These variables will produce
variation in pupils´ perceived affective responses and behaviours with mathematics.
Some categories for mathematical beliefs have been suggested, mainly based on the
objects or targets of pupils´ beliefs, in order to distinguish between various mathematical
beliefs as well as the related consequences. The offered basic division between pupils´
beliefs about mathematics and their beliefs about themselves in learning mathematics (see
Lester et al., 1989; McLeod, 1989a) reflects the twofold nature of research on pupils´
mathematical beliefs. The first category refers mainly to studies of mathematical problem
solving, and the latter again more to studies on gender related differences in mathematics
(Malmivuori, 1992, 1994; McLeod, 1992). Moreover, beliefs in the first category
usually involve little affect, whereas beliefs of the second category have a stronger
affective component (McLeod, 1989a).  

Beliefs about mathematics as a discipline,134 about the nature of mathematical tasks or
mathematical ability,135 about mathematical topics or knowledge and the origin or
applications of mathematical knowledge, 136 and about solving mathematical problems137

can all be included among the first category of beliefs about mathematics. Beliefs about
self with mathematics have been suggested to consist of pupils´ beliefs about themselves
and about their relationship to mathematics (McLeod, 1989a), their beliefs about
themselves and about other mathematics learners (Garofalo, 1989), or only about their
ability to do mathematics (Frank, 1988). Two more categories of pupils´ mathematical
beliefs have further been applied. The most often referred to of these are pupils´ beliefs
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Pehkonen, 1997; McLeod, 1989a, 1992; Schoenfeld, 1989.
135 Eccles et al., 1983; Borkowski et al., 1990; Dweck, 1986; Garofalo, 1989; Kloosterman, 1988;
McLeod, 1989a, 1992; Nicholls, 1984; Pehkonen, 1992; Malmivuori, 1996b.
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1988; Pehkonen, 1992; Schoenfeld, 1985a.



about mathematics learning and teaching (Frank, 1988; McLeod, 1992; Schoenfeld,
1983; Underhill, 1988), including beliefs about the means for mathematics learning or
problem solving,138 about mathematics learning or teaching actions,139 and about
mathematical successes or failures.140 Beliefs about mathematics learning and teaching are
seen further as closely connected to the two first or main categories of mathematical
beliefs, i.e. beliefs about mathematics and about self (Malmivuori, 1994; Underhill,
1988). The fourth category deals with pupils´ beliefs about the social context or
environments in mathematics learning situations, which can be understood to involve
pupils´ reflections of both the external conditions and the social relations in learning and
doing mathematics (Schoenfeld, 1985a; Underhill, 1988; McLeod, 1992).

In this study we will look at mathematical beliefs through the suggested three main
categories, uniquely and personally reflected by pupils in each mathematic learning
situation, i.e., through their beliefs about the nature of mathematics and mathematical
tasks, through their beliefs about mathematics learning and teaching, and through their
beliefs about themselves as mathematics learners and doers. The first category consists
of pupils´ understandings, reflections, or views attached to mathematics as a scientific
field, as a more general framework for their (or others´) lives, knowledge acquisition, its
application or use, or as a school subject including the nature of mathematical tasks,
abilities, and performances. The second category of mathematical beliefs, beliefs about
mathematics learning and teaching, relates to pupils´ beliefs about those various
personal, socio-cultural, and environmental factors, conditions, circumstances, means,
and objectives, viewed to be needed  or involved in mathematics learning or teaching
processes or in mathematics learning situations. This category also entails the impacts
and functioning of various beliefs about mathematics learning environment as well as
larger socio-cultural beliefs and features attached to mathematics learning and teaching141

especially in the school context. 

We view beliefs about self as reflected in pupils´ individual mathematics learning
situations, episodes, or contexts through their interpretations, judgments, and regulation
of their own personal abilities, possibilities, experiences, and actions in doing and
learning of mathematics. Most influential and significant affective responses and
behavioral processes are suggested here to be connected to pupils´ reflected, expressed,
and applied beliefs about self with mathematics.142 Pupils´ beliefs about self constitute the
basic theme of our consideration of mathematical beliefs in this study. The other two
categories of mathematical beliefs form an important structural base for the appearance,
influence, and further development of these central personal constructs and related
structures with self-beliefs, as well as for the manifestation of pupils´ behaviors and
responses in mathematics learning situations and environments in general.143 Our basic
theoretical viewpoints of these categories of pupils´ beliefs will be considered in the next
Sections 4.3 and 4.4 below together with the related mathematics education research
results.   
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4.3 Pupils´ Beliefs About Mathematics, Its Learning and
Teaching

Above we divided pupils´ mathematical beliefs into categories of their beliefs about the
nature of mathematics, about mathematics learning and teaching, and about themselves as
mathematics learners and knowers. The basic difference was further made between their
beliefs about mathematics and their beliefs about themselves as mathematics learners and
performers. In this section, we will take a short look at the features of pupils´ beliefs
about mathematics, divided further into the two distinct but closely related groups of
pupils´ beliefs about the nature of mathematics and about mathematics learning and
teaching. In doing this, we will center on specific mathematics-related beliefs that have
been discerned as general, consistent, and significant belief constructions in recent
mathematics educational studies. Furthermore, we interpret these kinds of beliefs to
influence in important ways the qualities of pupils´ personal mathematics learning
processes through their central self-appraisals and affective responses to mathematics,
and through their self-regulation activity in mathematics learning situations. In
characterizing these kinds of beliefs, we will make use of the concepts, research results,
and contexts applied in these related studies. In addition, we will offer preliminary
illustrations of how, in which contexts, or through which factors of personal mathematics
learning processes these beliefs are manifested and have their effect on pupils´ self-
reflections and assessments with mathematics. 

Pupils´ beliefs about mathematics and about mathematics learning and teaching constitute
a unique content-specific personal frame of reference for pupils to encounter mathematics
and mathematics learning situations. These beliefs represent a kind of “everyday
mathematical reality” for pupils and their interpretations in a classroom context. Through
this constructive and self-directive reality pupils take their stand on mathematics,
mathematics learning or performing, and they formulate their approach to mathematics
learning situations. The qualities of these mathematics-related beliefs arise from the
specific properties of mathematical knowledge, symbols, language, objects and school
subjects. However, the most often reflected everyday views of mathematics have their
basis strongly in the prevailing socio-cultural beliefs held within the scientific field of
mathematics, of education or within the wider society and reflected through the
mathematics-related and socio-cultural traditional views, beliefs, presentations, practices,
and settings in school mathematics instruction and culture.144 Pupils´ beliefs about
mathematics and about mathematics learning and teaching thus effectively bear more
general socio-cultural views and influences on their thinking and performing
mathematics, their self-understanding of mathematics, and, further, on their affective
responses and behaviours in mathematics learning situations.145 More specifically, the
results of this filtering process will govern how pupils come to further interpret their
unique perceptions and mathematical learning experiences and how they evaluate their
own, as well as other pupils´, responses and behaviours in relation to mathematics and
its learning.146 These kinds of  effects of contextual or socio-cultural mathematics-related
beliefs on pupils´ affective arousals and learning or self-regulatory actions with
mathematics will be considered in Chapters 6 and 8 in more detail.

4.3.1 Beliefs About the Nature of Mathematics

The special features included in the characteristics of mathematical knowledge as such
can be regarded as the most essential (or original) framework for the ways that
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mathematics are dealt with in educational contexts and situations, as well as for the
general socio-culturally constructed beliefs about the nature of mathematics. Beliefs about
the nature of mathematics as a scientific domain or beliefs about mathematical
knowledge, abilities, and skills constitute the basis for the interpretations of mathematics
generally applied in school instruction and practice as well as in mathematics curricula.147

The most important aspects of mathematical knowledge behind beliefs about the nature of
mathematics concern the general notions of the abstractness of mathematical contents in
relation to other scientific domains or school subjects. Mathematics as based on different
symbolic systems than the other scientific domains or school subjects148 requires that one
comprehend the special and often abstract meanings behind them. Common
understanding of written text is not enough. But understanding of the phenomena behind
the abstract concepts, symbols, hypotheses, and involved often complicated or specific
structures is needed. This further implies that the connections between mathematics and
everyday life are often fuzzy and difficult to recognize, leading further, for example, to
the appearance of various misconceptions of mathematical knowledge or so-called naive
theories of mathematical problem solving among pupils (Schoenfeld, 1985a; Silver,
1985; Smith, 1992; Underhill, 1988). These patterns offer a weak basis for further
understanding of mathematics. This peculiar nature and language of mathematics
knowledge, together with associated compatible views of the obscure nature of
mathematics will necessarily produce additional interpretations and significances to
studying and performing mathematics. This interferes with pupils´ construction of and
efforts to use mathematical knowledge, but also operates as a central compulsion to
construct additional beliefs specific for mathematics. For example, related characteristics
of and beliefs about the nature of mathematics as a discipline are reflected in pupils´
beliefs about mathematics as appropriate only for mathematics scientists, or as needed
more widely only by mathematics teachers, physicists, or engineers (Malmivuori, 1995;
Pehkonen, 1995), i.e., by those persons specialized in mathematics.           

Beliefs about the nature of mathematics as a scientific domain are directly intertwined
with socio-culturally held daily beliefs about the nature of school mathematics and about
mathematical knowledge, abilities, and skills. The first group of these main and
interrelated categories of beliefs consists of pupils´ beliefs such as those concerning the
nature of mathematical learning objects (e.g., concepts, symbols, subjects, procedures),
of mathematical applications or argumentation, or of mathematical tasks and problem
solving processes, and about the general attributes of school mathematics. The latter
involved category of beliefs points to such aspects as pupils´ beliefs about the grounds
for constituting, using, and developing mathematical knowledge, abilities, and skills,
about the nature and attributes of knowledge, abilities, or competencies with school
mathematics, and about the significances attached to these. One central category of
widely expressed beliefs about the nature of school mathematics is represented by the fact
that pupils tend to evaluate mathematics as well as mathematical topics and tasks
according to the dimension of “easy-difficult”.149 Nearly universal results on mathematical
views or attitudes show that pupils at different grades tend to consider mathematics as a
difficult school subject. This is (negatively) connected with mathematics achievements,
and this applies even more often to females´ views than to males´. 150 Also, success and
failure represent central characteristics attached by pupils to school mathematics
(Malmivuori, 1995; Stodolsky et al., 1991), as reflected further in essential and rather
consistent research results obtained with causal attributions for mathematical successes
and failures (see section 4.4.3 below; e.g. Heckhausen, 1992; Fennema, 1989;
Kloosterman, 1988; McLeod, 1992; Reyes, 1984; Wolleat et al., 1980). Also, highly
central consequences have been attached to pupils´ beliefs about the naure of
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mathematical ability. Dweck & Elliot (1983) stress an essential difference between beliefs
about mathematical ability as a fixed entity and as an incremental view of mathematical
ability (see Section 3.4.2; Dweck, 1986). The latter implies more healthy learning than
the former, and the former connects further to pupils´ instrumental or external view of
mathematics (see Section 8.4; Malmivuori, 1996b; Malmivuori & Pehkonen, 1996). 

Views about the nature of mathematics are shifting (Ernest, 1991). However, despite
educational reforms towards emphasis on making conjectures, abstracting mathematical
properties, discussing and questioning mathematical thinking (National Council of
Teachers of Mathematics, 1989; Opetushallitus, 1994), changes in pupils´ beliefs about
mathematics occur very slowly (Franke & Carey, 1997). Problem-solving studies
indicate that, quite consistently, pupils tend to view mathematics as a well defined,
objective, and unchangeable basic domain based on facts and on applications of basic
algorithms, forms, or rules in the given tasks.151 School mathematics is believed to be
discovered rather than developed by time (Dweck, 1986; Schoenfeld, 1989.Other general
findings of beliefs about the nature of mathematics reveal that pupils view mathematics as
equal to computation, and that they believe that to solve problems means to figure out the
right (one particular) answer for a given task (Frank, 1988; Pehkonen, 1992; Sowder,
1989; Underhill, 1988). This kind of understanding of mathematics operates in
mathematics learning episodes through pupils´ personal and daily assessment in
mathematics learning situations, and often determines the central basis for their efforts,
actions, as well as their affective responses to mathematics. On the basis of such widely
held beliefs about mathematics, pupils then come to reflect and assess their own abilities,
skills, actions, and goals with mathematics, that is, their personal relation and stand to
mathematics. These assessments appear as their constructions of personal answers to
questions such as: 

Are they familiar with mathematics? 
Do they know mathematics?
Are they able to solve mathematical problems?
Do they have the needed ability and skills for mathematics?
Is mathematics appropriate to them?  
Do they enjoy or should they enjoy mathematics learning? 

Another category of general beliefs about school mathematics relates to the utilization of
mathematical knowledge, which is to a great extent derivative of pupils´ beliefs about the
general characteristics or attributions of school or of scientific mathematics. On the other
hand, these beliefs have an even closer relation to the socio-cultural appreciations and
preferences or disapprovals attached to mathematics and mathematics learning. The most
often expressed and highly influential of these beliefs relate to the widely (i.e., cross-
culturally) held beliefs about mathematics as an important school subject.152 Such general
beliefs are closely and positively related to beliefs about the usefulness of mathematics or
of various mathematical domains or skills (Eccles et al., 1983; Fennema, 1989; Frank,
1988; Malmivuori, 1999; Malmivuori & Pehkonen, 1997; Schoenfeld, 1983; 1985a;
Underhill, 1988). Socio-cultural beliefs about the qualities or nature and use of
mathematical knowledge and skills are further essentially intertwined with perceptions of
pupils´ traditional tendency to view mathematics as a male domain (Fennema, 1989;
Fennema & Sherman, 1977; 1978; Leder, 1992; Reyes, 1984, Schoenfeld, 1983; 1989;
Stodolsky et al., 1991). Both of these belief constructions seem to have significant
further consequences for pupils´ processes and affective experiences with mathematics
(Fennema, 1989; Malmivuori, 1996b; McLeod, 1989b).  

Most socio-cultural beliefs about mathematics seem to be related to perceived gender
differences in pupils´ mathematical beliefs or attitudes, as well as to their mathematics
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learning process and experience with mathematics.153 Accordingly, girls´ beliefs represent
rather consistent negative or preventive behavioral and experiental patterns with
mathematics.154 However, such central beliefs tend to make significant differences
between high and low mathematics achievers as well as between pupils with low or high
socio-cultural backgrounds (see also Malmivuori, 1996b; McLeod, 1992; Malmivuori &
Pehkonen, 1997; Reyes, 1984). The effects of these kinds of beliefs are mediated
through pupils´ self-understandings and self-assessment of mathematics and with their
personal needs for studying mathematics (see section 4.4 and Chapter 6; Malmivuori,
1996b; Seegers & Boekaerts, 1996), for example, through questions like:

Do they need to study mathematics now and/or in the future?  
When and where should they use mathematics?
Is mathematics for them?
What are the other significant persons´ expectations for their mathematical
studies and performances?  

4.3.2 Beliefs About Mathematics Learning and Teaching

Beliefs About Mathematics Learning

Pupils´ beliefs both about mathematics learning and about mathematics teaching are built
on or developed in close relation to their beliefs about the general nature and
characteristics or attributes of school mathematics, and also tightly connected to the
beliefs, practices, and situations reflected and supported within daily mathematics
classroom contexts.155 The most significant of these beliefs can be and also have been
studied in relation to the qualities or differences in pupils´ affective, motivational, and
self-regulatory processes in mathematics learning. These beliefs can be viewed to refer to
four different categories of assessment, each of which deals with pupils´ self-reflective
and self-regulative questions in respect to mathematics and mathematics learning,
appearing both in their situational mathematics learning processes and in their longer-term
processes and actions with mathematics. These self-reflective categories of beliefs consist
of answers to categories of questions such as:

a) Why do and learn mathematics? 
- mathematics learning objectives (i.e., beliefs about long-term or short-

term goals in mathematics learning or performance) 

b)  How to do and learn mathematics?
- means for doing and learning of mathematics (i.e., beliefs about the 

needed material, behaviors, skills/abilities/knowledge, and contexts or 
environmental conditions for mathematics learning)

c) When am I learning mathematics?
- self-adjustments in mathematics learning (i.e., beliefs about the 

fulfillment of the requirements and goals for mathematics learning)

d) What should others do to help me learn mathematics?
- social conditions (i.e., beliefs about the other persons´      

knowledge, beliefs, actions, or responses).         
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Situational, personal and environmental contexts for mathematics learning or doing
constitute the frame of reference for the manifestation of these kind of beliefs and unique
assessments with mathematics. But behind these influences there are always the
particular aspects of general instructional settings in the school mathematics learning
context which seem to have the most direct influences on pupils´ common, primary, or
more stable and central beliefs about mathematics learning (Cobb et al., 1989; Frank,
1988; Malmivuori, 1994; McLeod, 1992; 1994). The quality of pupils´ beliefs about the
utility value of mathematics has been found to represent one central aspect in determining
the level of their efforts in and tendencies toward mathematics.156 This category of beliefs
relates, then, closely to pupils´ construction and qualities of their personal mathematics
learning or performance goals. Beliefs about mathematics learning goals constitute a
unifying social and contextual reality for pupils´ mathematics learning processes that then
have significant consequences for the qualities and development of their knowledge,
learning, outcomes, and self-regulation with mathematics as well as of their significant
affect towards mathematics.157

Examples of pupils´ beliefs about general mathematics learning or performance goals
have been found particularly within mathematical problem solving studies. A rather large
number of pupils seem to view right answers obtained in mathematical tasks, together
with quick and faultless mathematical performances as the particular aims or indicators of
good knowing and learning of mathematics (Frank, 1988; Malmivuori & Pehkonen,
1997; Pehkonen, 1992; Schoenfeld, 1985a; 1989). These beliefs, together with getting
good marks in mathematics, represent the common school-related aims that seem to be
strongly linked to mathematics learning (Malmivuori, 1995; Pehkonen, 1992), and
further to the instrumental or external view of mathematics, suggested to imply more
maladaptive motivational patterns with mathematics learning.158 Accordingly, mathematics
performances are seen to be assessed by measurable and unambiguous measures such as
by time, marks, or number of mistakes, in order to produce the indicators of pupils´
knowing and learning of mathematics. These kinds of (external) beliefs about
mathematics learning or performance goals seem to differentiate between males and
females and to have direct connections to pupils´ other significant mathematical belief
structures (Kloosterman, 1988; Malmivuori, 1996b) and negative relations to their
mathematics achievements.159

Research findings with the second significant category of pupils´ beliefs about
mathematics learning, i.e. their beliefs about the means for learning mathematics, are
analogous with the views above. Pupils generally tend to stress rote-learning,
remembering of facts and rules, and mechanical practise with mathematical algorithms
instead of integration, trying to understand, engaging in discussions, or making inquiries
when studying mathematics.160 Typical actions in mathematics lessons (at elementary and
secondary school levels) are viewed to consist of paying attention in class, doing
problems from the textbook, checking work or homework, teacher´s explanations,
answering teacher´s questions, playing games, or taking mathematics tests, etc. (Frank,
1988; Malmivuori, 1995; 1999; Pehkonen, 1992; Stodolsky et al., 1991; see also
Hannula & Malmivuori, 1996; Risnes et al., 1999).  Instead, actions, e.g. in social

55

156 Or, the quality of self-regulatory motivational processes; see Sections 7.3.3 and 8.5.1; Eccles et al.,
1983; Malmivuori, 1996b.
157 E.g., Cobb et al., 1989; Dweck & Elliot, 1983; Lemos, 1999; Nicholls et al., 1990; Schunk, 1990;
Schutz, 1994; Zimmerman, 1999. 
158 See Sections 3.4.2 and 8.5.1; Boekaerts, 1995; Dweck, 1986; Malmivuori, 1996a, 1996b; Nicholls,
1990; Nicholls et al., 1984; Underhill, 1988.
159 Dweck, 1986; Dweck & Elliot, 1983; Malmivuori, 1996a; Malmivuori & Pehkonen, 1996; 1997;
Nicholls, 1984.
160 Frank, 1988; Franke & Carey, 1997; Garofalo, 1989; Malmivuori & Pehkonen, 1997; Pehkonen,
1992; Schoenfeld, 1985a; 1989; Underhill, 1988; see also Hannula & Malmivuori, 1996, 1997.



studies, are seen to consist of more diversified activities including reading aloud, having
discussions, and doing research (Stodolsky et al., 1991). Moreover, different kinds of
contextual, situational, or environmental factors are seen by pupils to influence the
quality of their mathematics learning or solving processes in particular ways that can be
included in their beliefs about the means for the learning of mathematics. These include
contextual factors such as worksheets, textbooks, and blackboard, along with
dimensions like difficult vs. easy tasks, story problems vs. calculation, discussion vs.
individual work, quiet or noisy classroom, and given time limits (e.g., Malmivuori,
1995; Pehkonen, 1992; Stodolsky et al., 1991). Beliefs about the role or significance of
individual effort and work in learning mathematics represent the kind of common beliefs
about the means for mathematics learning studied most often as pupils´ causal attributions
for their mathematical failures or successes, and further viewed as closely linked with
their beliefs about the nature of mathematical ability as well as about the quality of their
own mathematical ability.161 Variation in effort beliefs as well as in beliefs about the
effects of luck, environment, or mathematical ability are suggested to produce significant
differences in pupils´ mathematics learning processes, experiences, and achievements.
These variations also differentiate between males and females or between pupils at
different grade levels.162

The third influential category of pupils´ beliefs about mathematics learning contains their
beliefs about the signs, components, or processes of learning mathematics. These direct
pupils´ interpretations and evaluations made on the qualities of their own or others´
mathematics learning and performances. Their beliefs about the role and characteristics of
success and failure in mathematical performances, of mathematical marks, of other
pupils´ mathematics learning, of teacher´s assessments of pupils´ mathematics learning,
as well as of the needed mathematical knowledge or abilities, all represent important
beliefs in this category. Being, again, considerably linked to their general beliefs about
the goals or means for learning and doing mathematics, but also associated with the
various views and practices of mathematical assessment at use in the school context as
well as within the socio-cultural context in general. One central aspect characteristic for
related self-adjusments includes pupils´ beliefs about successes and failures as salient
factors of their mathematical experiences (Stodolsky et al., 1991). Hence, success or
failure in single mathematical performances tend to play a crucial role in pupils´
evaluations of the qualities of their own or other pupils´ mathematical knowledge,
abilities, and learning.163 Further, these successes and failures are assessed by good or
poor marks in mathematics that pupils believe to unambiguously show the levels of their
learning, at least in a school learning context (Malmivuori, 1995). 

In addition, beliefs about ability or knowledge, about speed and about getting right
answers (as goals), together with beliefs about the quality of individual affective
responses towards mathematics constitute standards for pupils´ self-evaluations and self-
adjustjment of the characteristics of their personal mathematics learning processes.164

Behind and along with these mathematics-related beliefs can be further discerned the high
significance given for the teacher as the most important (and official) evaluator of pupils´
learning of mathematics (Frank, 1988; Malmivuori, 1994; 1995). Continuous individual
or public feedback given by the teacher, as well as the teacher´s own reflected beliefs
about pupils,165 operate as the most common and daily source and director of pupils´
beliefs and self-evaluations with mathematics (see Section 6.4; Cobb et al., 1989;
Fennema & Loef, 1992; Franke & Carey, 1997; Malmivuori, 1994; Midley et al., 1989).
Hence, pupils´ beliefs about their teacher´s beliefs, perceptions, assessments, actions,
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161 Dweck, 1986; Kloosterman, 1988; Malmivuori, 1996b; Malmivuori & Pehkonen, 1996; Nicholls,
1984; Stipek & Gralinski, 1991.
162 E.g., Eccles et al., 1983; Fennema, 1989; McLeod, 1989b; Kloosterman, 1988; Malmivuori, 1996b;
Malmivuori & Pehkonen, 1997; Reyes, 1984.
163 Malmivuori, 1995; Stodolsky et al., 1991; Underhill, 1988.
164 Garofalo, 1987; McLeod, 1988; Schoenfeld, 1983; 1985a; Stodolsky et al., 1991.
165 About their behavior and about their mathematical knowledge and beliefs.



and reactions essentially come to influence their beliefs about and assessments of their
own mathematics learning.166 Similarly, beliefs about other pupils´ mathematics
knowledge, abilities, learning and performances constitute a common contextual and
daily framework for these self-adjustments and self-assessments to occur and to further
develop (see Section 4.4 of self-beliefs).    

Beliefs about mathematics learning also involve pupils´ views about the appearance,
qualities, and role of other related persons´ actions in their own mathematics learning or
performances, i.e., their beliefs about the social environmental conditions or about other
persons´ knowledge, responses, and role in respect to their own learning of mathematics.
Especially, this relates to their expectancies and beliefs attached to the mathematics
teacher´s role and instructional activities in the classroom (and hence to their beliefs about
mathematics teaching; see below), but also to the other pupils´ behaviours, aspirations,
and role when studying or doing mathematics in or outside the classroom. One recently
studied category of this kind of beliefs concerns the role and amount of help needed and
asked from other pupils, from the teacher, or from pupils´ parents. Studies show that, in
fact, the help of others is viewed by pupils as more prominent, and even necessary, in
learning mathematics, than, e.g., in social studies or reading (Malmivuori, 1995;
Newman & Goldin, 1990; Stodolsky et al., 1991). Mathematics is rarely a subject for
pupils´ learning on their own (Stodolsky et al., 1991). Teachers are regarded as the most
significant persons in this co-operation and helping for learning and performing with
mathematics, having thence significant further connections to pupils´ other mathematical
belief constructions or to their performances with mathematics.167 What kind of help and
when the help of others´ is needed in order to learn or succeed in mathematics, or e.g., to
what extent helping is viewed by pupils as an indicator of poor mathematical ability
represent more specific categories of these kind of beliefs (see Newman, 1990; Weiner,
1986). 

All the above considered pupils´ beliefs about mathematics learning can be viewed to give
directions for their personal self-assessments and self-adjustments, such as: Can they do
mathematics? Do they or do they not learn mathematics? To what extent are they
successful in mathematics? Is it, and how is it possible for them to learn mathematics?
These self-reflections, in turn, influence significantly the appearance and development of
their affective responses and constitution of their own mathematics learning actions and
efforts.   

Beliefs About Mathematics Teaching

The last main category of pupils´ mathematics-related beliefs consists of their beliefs
about mathematics instruction or teaching and the teacher. These beliefs and perceptions
come essentially to direct their daily perceptions, judgments of their teacher and further
their expectations, actions, and reactions toward their teacher, but also considerably
affects their perceptions and assessment of themselves as mathematics learners (see also
Cobb et al., 1989; Malmivuori, 1994). This is manifested through their self-reflective
questions, such as: Am I a good student in the mathematics classroom? What does the
teacher expect me to do? What should I do to please the teacher? The qualities of pupils´
beliefs about mathematics teaching are reflected especially in or against their beliefs about
their own role and actions in doing and learning mathematics, for example, in their
beliefs about appropriate student actions in mathematics classrooms or about responses to
the teacher´s actions generally expected from pupils. The most influential of these
teacher-related mathematical beliefs are suggested to be connected to the prevailing
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166 See also the text below; Hannula & Malmivuori, 1996, 1997; Thompson, 1992; Wigfield & Harold,
1992.
167 Hannula & Malmivuori, 1996; Malmivuori, 1995; 1996b; Malmivuori & Pehkonen, 1997;
Pehkonen, 1992.



mathematics teaching practices in the classroom,168 and, as referred above, even more
importantly to the actual role and actions of mathematics teachers in mathematics
classrooms.169 Also included in this category are aspects such as pupils´ beliefs about the
reasons or goals for teaching of mathematics170 or about mathematics teaching context,171

or about the components of mathematics teaching.172 Pupils´ beliefs about the appearance
and significance of various instructional or teaching actions in mathematics173 represent
other central constructions that importantly will guide pupils´ situational actions and
interpretations of self and others in mathematics classroom contexts, as well as the
development of their future perceptions of the mathematics classroom. 

Results from related studies (with secondary school level pupils) support the view that
the teacher (together with the mathematics textbook) is regarded by pupils as an authority
on mathematical knowledge, and that the mathematics teacher´s role is to transmit this
knowledge to pupils as well as the teacher can (Frank, 1988; Garofalo, 1989; Hassi,
1992; Malmivuori, 1995; Pehkonen, 1992; Underhill, 1988). These views can be seen as
reflected further in pupils´ beliefs that discourse or talking in mathematics lessons
consists mainly of the teacher´s explanations and pupils´ specific answers to the teacher
(Bell et al., 1992; Schroeder, 1991; Stodolsky et al., 1991; Underwood, 1992).
Moreover, related to these beliefs about the teacher´s role in mathematics are the reflected
beliefs that mathematics classroom practices consist of individual seatwork with help
from the teacher when needed and of the teacher´s checking pupils´ correct answers to
mathematical tasks (Frank, 1988; Malmivuori, 1996b; Pehkonen, 1992; Schroeder,
1991). Closely related are their beliefs about the need for pupils´ proper following of the
given rules in doing mathematical tasks (Malmivuori, 1995; 1999; Pehkonen, 1992;
Schoenfeld, 1989). 

The close connection between pupils´ beliefs about mathematics learning and about its
teaching is evident in light of the perceptions made through the studies on pupils´
mathematical views (Hassi, 1992). For example, the illustrated pupils´ beliefs about their
own role and actions as mathematics students are consistent with their views of the
central role of the teacher for their mathematics learning. The presented kind of
mathematical beliefs tend to be further intertwined with pupils´ beliefs about the nature of
mathematics or of mathematical tasks as always based on rules and algorithms to be
applied in specific ways in mathematics learning situations and as discovered, rather than
created or developed, as well as with their beliefs about knowing mathematics as based
on a fixed and inherent ability (Dweck, 1986; Franke & Carey, 1997; Kloosterman,
1988; Malmivuori, 1996b). The significant and often restrictive impacts of this kind of
mathematics-related beliefs on mathematics learning processes can be understood better
when we consider the characteristics, importances, and effects of pupils´ interpretations
and evaluations of themselves as mathematics learners on their affective responses,
behaviours, and self-regulation processes with mathematics. This is due to the fact that
pupils´ beliefs about and perceptions of themselves finally constitute the most essential
framework for their everyday personal experiences and behaviours with mathematics and
mathematical tasks. On the other hand, the qualities of pupils´ self-perceptions and
beliefs in respect to mathematics represent the basis for their future interpretations of their
own experiences and achievements with mathematics, as well as of the nature and
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168 I.e., to the actions, goals, and means for teaching mathematics.
169 See Section 6.4.3; e.g., Cobb et al., 1989; Hannula & Malmivuori, 1996; Malmivuori, 1995;
Pehkonen, 1992; Schoenfeld, 1985a; Stodolsky et al., 1991; Wigfield & Harold, 1992.
170 E.g., to distribute mathematical information, to give needed knowledge, to make pupils understand. 
171 E.g., beliefs about expedients for mathematics teaching, about the teacher´s organization of the
mathematics classroom.
172 E.g., beliefs related to the mathematics textbook or worksheets, about different means and sources for
teaching mathematics.
173 E.g., whole class lectures, individual instruction) and about the nature of social interactions with the
teacher (e.g., reproofs, attention giving, control).



significances of mathematics and of mathematics learning situations and performances.174

This central interpretative, self-fulfilling, and  self-regulative personal frame of reference
will be considered next.                      

4.4 Pupils´ Self-Perceptions as Mathematics Learners

In accordance with the so called self-concept theory and phenomenological views of
personality and motivation (Burns, 1979; Harter, 1985; McCombs, 1989; Weiner,
1992a; Wylie, 1974), pupils´ perceptions of and beliefs about self as mathematics
knowers and learners, together with their intertwined affective experiences of self in
relation to mathematics, are considered here as the primary dynamical aspects in their
personal mathematics learning processes. Beliefs and perceptions of self175 constitute the
most central cognitive feature or determinant behind pupils´ personal understandings,
interpretations, and self-regulation,176 which operates both in their situational and long-
term efforts or aspirations, actions, and affective responses to mathematics, and hence, in
their further acquisition, construction, and application of mathematical knowledge and
skills (Fennema, 1989; Hannula & Malmivuori, 1996, 1997; Malmivuori, 1996a; 1996b;
McLeod, 1992; Reyes, 1984; Risness et al., 1999). Moreover, we view that the
important effects of socio-cultural or contextual mathematical beliefs and perceptions on
pupils´ learning processes and experiences become actively and situationally mediated, as
well as developed, through this personal primary interpretative or experiental
framework,177 but to also have significant linkages to or effects on the further
development of their mathematical beliefs and belief systems. In consequence, pupils´
beliefs about themselves, their perceptions and experiences of self are seen here to
represent the central functional link between other types of beliefs,178 their significant
affective responses, and their optional behaviors with mathematics.179 This personal
dynamic is motivated by pupils´ self-enhancement aspirations and is in the learning
model of this study referred to as their self-system processes with involved self-
interpretations, self-evaluations or self-judgments, self-regulation, and states of self-
awareness (see Section 3.4.3; c.f., Burns, 1979, p. 34; Oosterwegel & Oppenheimer,
1993). Below, we will consider the central features attached to pupils´ self-perceptions in
educational and mathematics education research, and take our own standpoint on these
aspects.   

4.4.1 The Central Role of Self-Perceptions and Self-Phenomena in
Learning Processes

The most often considered phenomena or constructs behind self-perceptions in
educational research relate to the term self-concept. This concept has been referred at least
to two qualitatively different aspects of the self. One is called structural or cognitive self-
concept, and the other is considered as evaluative or affective aspects of self-concept.
The former deals with describtive features of pupils´ self and the latter180 with pupils´
feelings of self-worth at different facets of self viewed to operate against aspects as
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174 Eccles et al., 1983; Kloosterman, 1988; Malmivuori, 1996b; Stipek & Gralinski, 1991.
175 Referred to as the nomological network; see, e.g., Byrne, 1984; Harter, 1985; Helmke, 1994.
176 C.f., Burns, 1979, p. 37; Byrne, 1984; Shavelson et al., 1976.
177 As reflected further in the qualities of their evaluations, judgments, affective responses, and behaviour
in learning and performing with mathematics.
178 I.e., contextual and socio-cultural beliefs about mathematics.
179 See also Burns, 1979, p. 30; James, 1890/1963, cited by Harter, 1985, p. 85; Borkowski et al., 1990;
Fennema, 1989; Hackett & Betz, 1989; Malmivuori, 1996b; McCombs, 1989; Meece & Courtney,
1992; Shavelson et al., 1976; Skaalvik & Rankin, 1990.
180 Usually referred to as self-esteem.



pupils´ personal goals, aspirations, or fears (Burns, 1979; Harter, 1985; Helmke, 1994;
Oosterwegel & Oppenheimer, 1993; Shavelson & Bolus, 1982). In our considerations of
pupils´ mathematical self-beliefs, we will combine these two characteristics or
dimensions generally attached to the construct of self-concept. We will also differentiate
between the static or trait features of pupils´ self-phenomena181 and their states of self-
phenomena with mathematics.182 The latter features are viewed here to depend on thing
such as the unique learning context in question, the (mental or physiological) state of the
pupils, or on the mood of the moment in a mathematics learning situation.183

Differentiation between static and situational features of self-phenomena will lead us to
another and even more general or traditionally applied catagorization, that is, to the self as
object184 and the self as subject,185 in which the self as object points to the structural or
descriptive aspects of one´s self-concept, and the self as subject to the organizing and
structuring self. Hence, we consider the static aspects of pupils´ self to relate to their self
as object, whereas their situational self-reflections and self-processes are more closely
connected to their self as subject, i.e., to their experiencing and functioning or agentic
self.  

By making use of these central characterizations generally attached to self-concept or self-
phenomena we may apply these to our notions of self-beliefs. Pupils´ beliefs about self
with respect to mathematics can then be seen to give them information of or framework
for identifying their self, and in this way to influence the functioning, experience, and
actualization of their self in mathematics learning situations. We may also apply the terms
used in recent cognitive psychotherapy and consider pupils´ self-beliefs to constitute the
aspects of their personal indentity that regulate the relations between their deep
constructions of psyche and the outside world (Toskala, 1991). Self-beliefs or common
self-understandings represent the most important mediator between pupils´ self and the
mathematical world, developed by their personal and unique perceptions and
interpretations of their mathematics experiences and performances, under the experience
and direction of their experiencing or agentic self.186 However, our view to self-beliefs
and related self-phenomena represented in this study follows the recent emphasis laid on
the notions of process aspects of self-concept, of self-system processes, or of dynamic
views of self in educational psychology or social psychological research.187

Accordingly, pupils´ self-beliefs, self-concept, and self-perceptions have to do with their
complex self-intertwined cognitive, affective (or evaluative), and behavioral systems or
processes, instead of fixed entities and one-way or direct effects of their self-
representations, e.g. on their mathematics achievements.188 By pupils´ self-structures or
self-system structures we will refer to pupils´ self-belief systems or to the organization of
their self-knowledge and self-experiences that are indelibly intertwined with the other
aspects of their mental constructions or structures, and which are held or manifest
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181 I.e., their stable (mental) self-constructions with customarily maintained evaluative or affective tones,
processes, or patterns (c.f., Coopersmith, 1967, cited by Burns, 1979, p. 75). 
182 I.e., situationally aroused self-interpretations and self-evaluations, situational or state self-concept
(c.f., Shavelson et al., 1976; Wylie, 1974). 
183 I.e., the so-called relativistic definition or view of self-concept (Burns, 1979, p. 64; Wylie, 1979, p.
244). 
184 I.e., the self as known or “Me”.
185 I.e., the agent, the self as knower, or “I”; Burns, 1979; Helmke, 1994; James, 1890/1963;
Oosterwegel & Oppenheimer, 1993.
186 See the learning model in Section 3.4.3; c..f., Burns, 1979; McCombs, 1989; Meece et al., 1990;
Wylie, 1979, p. 696.
187 Borkowski et al., 1990; Helmke, 1994; Markus & Wurf, 1987; McCombs, 1989; Oosterwegel &
Oppenheimer, 1993.
188 See also Burns, 1979, p. 66; Wylie, 1979, p. 244.



themselves189 at various levels of their consciousness or degrees of self-awareness.
Pupils´ self-processes or self-system processes will be attached to pupils´ constantly
ongoing perceptual, evaluative, experiental, and regulatory operations of and with their
self at different levels of their consciousness (see also Section 3.4). Their self-system
structures develop through these constantly ongoing self-processes, but also have
significant impacts on the qualities and aspects of these. Both of these two aspects of
pupils´ self (i.e. structural and functional aspects) in mathematics learning can be further
seen to develop within the significant socio-cultural beliefs, norms and values or
constraints and circumstances operating in mathematics learning contexts and social
environments, which influence through their interactions with significant others.190

However, we view the development and functioning of pupils´ mathematical self as
significantly intertwined with their individuality and personal direction, within the
developmental frame of their cognitive and metacognitive skills.191

Illustration of Pupils´ Self-Phenomena and Self-Concept

The different aspects understood in this study to be included in pupils´ self-concept or
self-phenomena are illustrated in Figure 4.2. The figure displays the trait or structural,
situational or functional, and evaluative or experiental aspects of pupils´ self in relation to
mathematics. We view the structural or trait aspects of their self-phenomena192 to involve
the stored (mainly conscious) cognitive descriptions or picture of self, as well as the
related evaluative or affective (basically unconscious) self-concerns or self-esteem (i.e.,
structural affective self).193 These two traits or structural aspects of self-concept are
essentially interrelated, and the combination of these traits or structural aspects of self-
concept represents our notions of pupils´ self-beliefs and self-belief systems.
Mathematical self-concept, then, consists of pupils´ uniform or global trait self-
understandings and self-esteem with respect to mathematics, together with their more
specific trait reflections or beliefs about self with mathematics.194 These trait features of
self or self-beliefs appear and influence further their unique perceptions of themselves in
particular mathematics learning or performing situations. In accordance with the more
general recent notions of self-concept, we see these trait aspects of pupils´ self to
develop195 gradually and constantly into their hierarchical and multifaceted self-structures
(Burns, 1979; Byrne, 1984; Harter, 1985; Helmke, 1994; Leahy & Shirk, 1985; Marsh,
1990b; McDonald, 1989; Oosterwegel & Oppenheimer, 1993; Shavelson et al., 1976;
Shavelson & Bolus, 1982; Wylie, 1979).

As connected to these structural or trait aspects of self, we view pupils´ overall self-
phenomena to manifest also as a personal entity. Every situation- and context-specific
self-perception and self-appraisal of pupils´ become thence evoked through this global
sense of self or global self (c.f., Burns, 1979, p. 50; Harter, 1985), that is, as a
consistent (but not necessarily conscious) psychological kind of construct, as a “global
sense of self-worth,” or as an “average tone of self-feeling.”196 This is influenced further
by even deeper and less conscious self-reflections considered as a totally unverbal and
undifferentiated core of their self (see Wylie, 1974). These global self-constructs,
together with pupils´ more specific self-beliefs, operate behind their ongoing situational
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189 I.e., are reflected/evoked.
190”Self manifests itself only in relation to other people.” Cooley, 1902, see Burns, 1979; Oosterwegel &
Oppenheimer, 1993).
191 “Selves exist both in relation to other selves and in the awareness that self and other differ.” (see
Burns, 1979; Leahy & Shirk, 1985, p. 134; Oosterwegel & Oppenheimer, 1993; see Chapter 6).
192 See also Wylie, 1974; state vs. trait variables in self-concept.
193 Together with the intertwined, rather stable, affectively laden (positive or negative) experience of self.
194 C.f., Burns, 1979, p. 3, 29; Shavelson et al., 1976.
195 I.e., to be constructed.
196 C.f., Byrne, 1984; Harter, 1985; Helmke, 1994.





pupils´ self, which are not usually described in detail in the traditional views of self-
concept. Furthermore, with this view, we believe that affective aspects intertwined with
pupils´ self-belief systems (or general affect) are easier to describe and undertand, as well
as to connect these to the qualities of their self-confidence, self-efficacy, and causal
attributions in mathematics learning and performances. Even more, the stressing of these
functional and situational aspects of self applies to the illustration and manifestation of
pupils´ agentic or experiencing self197 in mathematics learning situations.

Development of Mathematical Self-Perceptions

In considering the development of pupils´ mathematical self-beliefs and self-belief
systems, we may apply the suggestions made for hierarchical self-concept structures.
Hence, the development and organization of their self-beliefs (i.e. the cognitive and
affective self) are here understood to proceed through their unique self-perceptions, self-
evaluations, and self-experiences within various mathematics learning contexts, made in
relation to their internal standards198 in general and with respect to mathematics in
particular, in relation to the external frames of reference for their mathematics learning,199

and in relation to the various other environmental or unique features at present in
mathematics learning situations.200 Reinforcements or confirmations received from the
social mathematics learning environment through evaluations given by significant others,
together with pupils´ own perceptions of and processings on  their own and other pupils´
(i.e., the external comparison with; Marsh, 1986) mathematics achievements, acts,
experiences, and self-concept201 have significant implications for the further development
of their mathematical self-belief systems.

Generally, we see the direction of the development of pupils´ self-belief systems go from
obscurity to more and more differentiated, conscious, and complex views and
experiences of self. This differentiation is then reflected through different dimensions in
pupils´ manifested self-understandings or as their separate self-roles (i.e., their multiple
selves). Depending on such factors as age, openness to experience, or the stages in their
general cognitive skills or development (Harter, 1985; Leahy & Shirk, 1985;
Oosterwegel & Oppenheimer, 1993; Shavelson et al., 1976), this progress can be
discerned in the increases in the number and qualitative differences in pupils´ self-
describtions,202 and also in the changes in the structural organization of their self-beliefs,
both within their general or more global mathematical self and within each important
dimension of their self-belief systems connected with mathematics.203 These
developmental changes also appear in the progresses in the characteristics of pupils´
ongoing self-evaluative processes in mathematics learning situations, and furthermore in
the aspects of their self as subject or their experiencing self with mathematics. By this we
point to the changes in quality or frequency in pupils´ self-phenomena linked to their
experiences of personal agency, continuity, and distinctness with respect to mathematics
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197 I.e., the self as subject.
198 I.e., to their ideal self-concept or their possible selves (Markus & Wurf, 1987; Shavelson et al. 1976;
Oosterwegel & Oppenheimer, 1993; Wylie, 1979). 
199 E.g., socio-cultural norms and values, beliefs about others´ perceptions (Burns, 1979; Harter, 1985;
Shavelson et al., 1976). 
200 E.g., the evaluative standards at use, the quality of mathematics instruction, the ability level of the
group or the school (c.f., Brassell et al., 1980; Harter, 1985; Helmke, 1994; Marsh, 1990b; Chapter 6).
201 I.e., the actual self or real self-image (Wylie, 1979).

202 E.g., from rough or global dislikes or likes to systematic beliefs and perceptions about their own
knowledge, skills, traits, and other abstract or subjective aspects with mathematics (c.f., Harter, 1985;
Helmke, 1994; Leahy & Shirk, 1985; Oosterwegel & Opperheimer, 1993; Rosenberg, 1985). 
203 E.g., from arbitrary and isolated self-attributes towards stable, clear, and integrated dispositions toward
self with mathematics (c.f. Harter, 1985; Helmke, 1994). 



learning and performing (see also Helmke, 1994; Oosterwegel & Oppenheimer, 1993).
These changes are then manifested in the qualities and development of their self-
reflective, self-evaluative, and self-regulatory processes in mathematics learning, i.e., in
their mathematical self-system processes.204

There are further aspects included in hierarchical self-belief structures that, as with other
belief systems, influence the appearance as well as further development of pupils´ self-
beliefs and self-evaluations or self-affects with respect to mathematics, again closely
connected with our structural considerations of belief systems given above (see section
4.1). Contrary to the influential aspects considered above, the procedure of change in
pupils´ self-belief systems proceed from low down the self-structure upwards, being
based on pupils´ unique self-observations and self-reflections in specific mathematical
learning situations or contexts (see Figure 4.2). Moreover, this permeates pupils´ more
or less isolated contextual dimensions or clusters of self-beliefs205 (like their self-
perceptions in geometry) toward their more and more extensive or global and consistent
inferences of self with mathematics. However, the changes taking place at lower levels of
pupils´ structural hierarchical self-belief systems would lose their strength when
promoted towards the top (c.f. Shavelson et al., 1976), i.e. towards the core or most
essential self-beliefs or self-belief systems with mathematics. Thence, changes and
development are more possible for those aspects of their mathematical self-belief systems
or self-concept that are connected with specific mathematics learning contexts or
situations, whereas, their global self and global sense of self with respect to mathematics
would be highly stable in nature. On the whole, pupils´ specific, peripheral, and/or
situation-specific mathematical self-perceptions or self-beliefs can have only finer effects
on the further structuring and development of their core mathematical self-beliefs (see
also Burns, 1979, p. 68; Shavelson & Bolus, 1982), as well as on their significant self-
experiences and affective self-processes in mathematics learning. 

We may also view different parts or dimensions of pupils´ self-belief systems to proceed
in more or less complete isolation from the other dimensions or aspects of their self-
beliefs, producing independent and differently weighted effects on their mathematics
learning processes and experiences, and on the further development of their more global
sense of self with mathematics.206 However, general self-concept studies also show that
there are important interdependencies between pupils´ parallel but clearly distinct self-
constructions, such as the perceptions made of the intertwined developmental changes in
pupils´ general mathematics self-concept and in their verbal self-concept or in their self-
perceptions within nonacademic areas (Byrne, 1984; Marsh et al., 1988; Shavelson et
al., 1976; see also Skaalvik & Rankin, 1990). The development of pupils´ skills or
competencies in different school subjects or domains of personality play an important
role in these interdependencies (Byrne, 1984; Helmke, 1994; Marsh, 1986; 1990a).
Experiences of possible discrepancies between various self-beliefs or self-dimensions
again depend on pupils´ perceptions and awareness of the involved inconsistencies, as
well as importances between these self-beliefs or self-belief systems (Burns, 1979, p.
67; Harter, 1985; Oosterwegel & Oppenheimer, 1993). In contrast to pupils´ external
comparison207 or to their perceptions of external relations,208 this kind of crosswise
developmental effects within pupils´ self-concept structures have been connected with
their internal comparison or compensatory processes. Variation in such internal
comparisons and inconsistencies in self-belief systems may then produce the differences
perceived, for example, between girls´ and boys´ mathematical self-concept structures
(c.f. Byrne, 1984; Byrne & Shavelson, 1987; Marsh, 1986; Skaalvik & Rankin, 1990).
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204 See Chapters 7 and 8; c.f., Bandura, 1986; Byrne, 1984; Markus & Wurf, 1987; Shavelson et al.,
1976.
205 That is, their different social indentities or particular self-images (Burns, 1979, p. 67; Shavelson et
al., 1976).
206 C.f., Burns, 1979, p. 67-68; Byrne, 1984; Skaalvik & Rankin, 1990.
207 Made by pupils against a social learning environment; see Chapter 6.
208 Like that between their mathematics achievements and mathematics self-concept.



These differences are further reflected in the similar kind of gender-related differences
found in pupils´ general mathematical belief structures, in their affective responses to
mathematics, and in their mathematical performances.209

4.4.2 Aspects and Functioning of Mathematical Self-Perceptions

“Self-concept of ability in mathematics” represents the traditional self-construct and
approach to deal with and measure pupils´ self-phenomena in mathematics educational
research context.210 Accordingly, ability is understood as a special skill-orientation needed
in mathematics and self-concept of ability as pupils´ perceptions of their own ability to
learn new subjects in mathematics or to perform well in mathematical tasks and tests
(McLeod, 1992; Reyes, 1984). Usually the concept has been studied as one form of
mathematics attitudes or has been included in one way or another among pupils´ affective
variables in mathematics learning, studied especially against211 mathematics achievements
(Byrne, 1984; Helmke, 1994; Marsh, 1990a; Shavelson & Bolus, 1982). As illustrated
in Figure 4.2 above, mathematics self-concept is interpreted as a distinct and highly
important (c.f., Byrne, 1984; Marsh et al., 1988) component of pupils´ self-concept in
academic settings, that is, of their cognitive or academic self-concept.212 Besides pupils´
verbal self-concept, their mathematics self-concept is suggested as constituting the two
basic higher order components of their self-concept in the school context (Marsh, 1986;
Marsh et al., 1988; Skaalvik & Rankin, 1990), i.e. the self-concept of school-related
competencies and activities (Helmke, 1994) that further consist of different levels of
interrelated hierarchical structures. Mathematical self-perceptions vary according to
mathematical contexts, consistent with their personal hierarchical and multifaceted self-
concept structures (see Figure 4.2. above; McLeod, 1992). Accordingly, pupils´
mathematics self-concept appears as their perception and experiences of self in various
mathematical domains (e.g., in geometry), as self-perception and experiences in even
more specific mathematical contexts, and finally as their self-perception and self-
experiences in particular mathematical situations.213

Studies of mathematics self-concepts concern both the descriptive (cognitive)
mathematical picture of pupils´ self and their related evaluative or affective self with
respect to mathematics (i.e. mathematical self-esteem). However, self-report
questionnaires often reflect merely the latter aspect through responses to statements like
well/poor or like/dislike with various mathematical subjects.214 In mathematics learning
context, these affective self-phenomena or self-constructs are intertwined with pupils´
evaluations of and concerns for their personal ability to do and to learn mathematics (see
Chapter 6; Harter, 1985; Helmke, 1994). Important qualitative differences in the
appearance and stability of pupils´ affective self or self-esteem experiences with respect
to mathematics as such and, further, in the effects of these on their personal mathematics
learning processes derive also from suggested hierarchical self-concept or self-belief
structures. In these influences, the direction is from the top downwards in the hierarchy
of their mathematics self-concept (see Figure 4.2.). Pupils´ self-constructions in the top
of the hierarchy of mathematical self-concept or their core mathematical self-beliefs
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209 Fennema, 1989; Hannula & Malmivuori, 1996; Leder, 1992; Malmivuori, 1996a; 1996b;
Malmivuori & Pehkonen, 1997; McLeod, 1992; see Section 6.1.2.
210 As well as in educational psychology literature in general.
211 And mainly as a precondition to.
212 As viewed apart from their other rather stable, consistent, and primary self-views, as of their social
self, physical self, or emotional self (Byrne 1984; Harter, 1985; Helmke, 1994; Marsh 1990c; Marsh et
al., 1988; Oosterwegel & Oppenheimer, 1993; Shavelson et al., 1976). 
213 Particular situations at the lowest level in this hierarchy, see Figure 4.2.

214 I.e., their reactions to the entities that comprise their self with mathematics (c.f., Harter, 1985, p. 95;
see also Section 2.2; Marsh, 1986; 1990a; Skaalvik & Rankin, 1990). 



represent their highly stable and influential beliefs with respect to mathematics, whereas
the qualities and effects of their more specific and less (psychologically) central self-
beliefs and self-perceptions lower in the hierarchy (e.g., their perceptions of and beliefs
about own abilities in word problems or in puzzles) may vary along with their important
related self-experiences in mathematics learning.215

Those self-dimensions that represent pupils´ more central, stable, and global self-beliefs
or self-concept in mathematics216 can be expected to be reflected and to influence more
often and more significantly their daily mathematical self-perceptions and their
intertwined self-esteem or self-affects with mathematics than their less central, more
concise, and less stable self-beliefs (i.e. more peripheral self-beliefs or beliefs and
perceptions at the bottom of the hierarchy).217 Pupils´ reflected more specific, peripheral,
or situation-specific self-belief or self-concepts in mathematics learning can be interpreted
as bringing variation to these more global and central self-perceptions, becoming distinct
and context-dependent affective experiences of their self with respect to mathematics
(Harter, 1985; Marsh, 1990c). In consequence, pupils´ core mathematical self-beliefs
have powerful, comprehensive, and often unexplained effects on their personal
mathematics learning experiences (c.f., Burns, 1979, p. 68). Hence, the most significant
of pupils´ self-constructions in mathematics learning contexts are due to their general and
consistent sense of self with respect to (school) mathematics. We may call this self-
construct pupils´ global mathematical self, which often influences pupils´ personal
mathematics learning processes and affective experiences as their global sense of
mathematical self, 218 and which is further importantly connected with the possible
changes taking place in pupils´ general academic (or school) self-esteem or core academic
(or school) self-beliefs. This global mathematical self also influences the further
development of pupils´ global self and/or global sense of self (see Figure 4.2; c.f. also
Byrne, 1984; Harter, 1985; Marsh et al., 1988).  

Below we will take notice of the specific self-constructs or self-perceptions that have
appeared in recent mathematics educational studies, i.e. pupils´ self-confidence, self-
efficacy, and causal attributions in mathematics learning and mathematical problem
solving. These constructs have appeared as more fruitful than the traditionally applied
mathematics-related self-concept or self-esteem219 and reveal more clearly the powerful
effects of pupils´ mathematical self-perceptions on their affective responses as well as
behaviors with mathematics.220 Accordingly, we view these self-constructs as closely
linked to our dynamical and self-involved theoretical illustration of pupils´ self-
interpretations, related affective responses, and self-regulative actions in mathematics
learning situations. 

Self-Confidence in Mathematics Learning

Levels or strength of pupils´ self-confidence in mathematics has been considered as a
highly significant affective variable influencing their doing and learning of
mathematics.221 Similar to mathematics self-concept, self-confidence has most commonly
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215 See Sections 6.1.1 and 5.3.1; c.f., Burns, 1979; Shavelson et al., 1976; Shavelson & Bolus, 1982;
see also Byrne, 1984.
216 I.e., at the top of the hierarchy; see Burns, 1979.
217 See also Section 4.1; Markus & Wurf, 1987; Shavelson et al., 1976; Oosterwegel & Oppenheimer,
1993.
218 C.f., Byrne, 1984; Markus & Wurf, 1987; Oosterwegel & Oppenheimer, 1993.
219 C.f., Hackett & Betz, 1989; Wylie, 1974.
220 Fennema, 1989; Hackett & Betz, 1989; 1992; Hannula & Malmivuori, 1996; Malmivuori, 1996a;
Malmivuori & Pehkonen, 1996, 1997; McDonald, 1989; McLeod, 1988; 1992; Meece et al.,
1990;Reyes, 1984.
221 Fennema, 1989; Hart, 1993; Lester et al., 1989; McLeod, 1989a; Reyes, 1984.



been classified as pupils´ mathematics attitudes, and has been used to explain differences
between pupils´ mathematics achievements, performances, or participation in
mathematics (Fennema & Sherman, 1976; Kloosterman, 1988; Lester et al., 1989).
Consistent with the suggested hierarchical self-concept structures (illustrated in Figure
4.2 above), self-confidence has been viewed to vary along with different mathematics
learning contexts, domains, or situations (Fennema, 1989; Hart, 1993; Lester et al.,
1989; Malmivuori, 1996a). 222 Theoretically, the construct has been attached to the
features of “self-concept of mathematics ability” and has been viewed to represent a
particular component or dimension of this self-concept that further appears as specific to
mathematics (Reyes, 1984, p. 559; McDonald, 1989, p. 224; Shavelson & Bolus,
1982). A direct connection to mathematical beliefs was also made by McLeod (1992),
who speaks about self-beliefs in mathematics and defines self-confidence simply as
pupils´ beliefs about their competence in mathematics. Self-confidence in mathematics
has been studied by measures similar to those used to measure mathematics self-
concept.223 These measures range from pupils´ single evaluations of their goodness in
mathematics and their responses to statements of their general certainty or uncertainty
about their mathematical abilities (Fennema & Sherman, 1976; McLeod, 1992; Sandman,
1980) to their ratings of their own confidence levels for particular mathematical
performances, studies, or performance expectations (Hackett & Betz, 1989; Mura,
1987). Interest in this affective construct has gained strength from perceptions of pupils´
mathematical problem solving behaviours224 and from consistent significant research
results connected especially to gender-related differences. This is mainly due to the
detailed Confidence in Learning Mathematics Scale developed by Fennema & Sherman
(1976), designed to measure “confidence in one´s ability to learn and to perform well on
mathematical tasks.”225

More generally, the levels or strength of self-confidence has been considered as a result
of the variation in self-esteem or self-worth,226 viewed to be based on views and feelings
of the nature, goodness, and respectfulness or worthiness of self (Burns, 1979; Gorey,
1987; Korpinen, 1990; McDonald, 1989; Skaalvik & Rankin, 1990; see also
Coopersmith, 1967; Helmke, 1994). Accordingly, we may connect this self-construct to
pupils´ feelings of confidence or certainty227 intertwined with their own qualities,
capabilities, and/or effort in dealing with mathematics and mathematics learning
situations,228 indicating pupils´ strongly evaluative and affectively laden self-reflections of
their own mathematical competence and, more particularly, of their control capabilities229

with mathematics. As with the developmental aspects of self-belief systems, self-esteem
and self-confidence are even more apparently involved in pupils´ complex self-evaluative
systems within mathematics learning contexts. These consist of both external and internal
evaluative comparisons.230 By internal processings we refer then to their appraisals of
perceived (personally perceived or others´ perceptions of) their own mathematical
abilities or performances,231 against (their own or others´) desired or expected
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222 E.g., pupils tend to feel more confident with studying algebra than geometry (Malmivuori, 1996a). 
223 McLeod, 1992; Reyes, 1984; Sandman, 1980.
224 Lester, 1980; Schoenfeld, 1985a; Silver, 1985.
225 C.f., Fennema, 1989; Fennema & Hart, 1994.

226 I.e., in their evaluative or affective self-concept, negative or positive attitude toward self. 
227 That is, to a set of positive self-related affects (c.f. Harter, 1985). 
228 C.f., Hart, 1989a; Hart, 1993; Borkowski et al., 1990; Collis, 1987.

229 I.e., the production, direction, and regulation of their skills, actions, and effort with mathematics (see
also Collis, 1987; Hart, 1993; Harter, 1985; McCombs, 1989; Oosterwegel & Oppenheimer, 1993, p.
21). 
230 See Section 4.4.1; Marsh, 1986; Oosterwegel & Oppenheimer, 1993; Skaalvik & Rankin, 1990.

231 I.e., to their actual or social selves (Burns, 1979; Wylie, 1979). 



mathematical goals or results.232 External evaluations and comparison has to do with their
perceptions of other pupils´ mathematical knowledge, abilities, or performances, all
reflected against the various contextual or situational features of mathematics learning.233

The perception of their own and other pupils´ mathematical knowledge, abilities, and
performances, as well as of the discrepancies between these or between their actual and
possible (or ideal) mathematical selves234 should then manifest itself in their experienced
levels of confidence with mathematics. High congruence between actual and possible or
ideal selves is generally viewed to relate to high self-respect and self-confidence, whereas
extremely high discrepancies between these would likely result in low self-esteem and
self-confidence reflections (Bruno, 1992; Harter, 1985; Korpinen, 1990; Rogers, 1983).
Similarly, external comparison would imply lowered or increased self-esteem, self-
affects, and self-confidence, depending on their perceived discrepancies between their
own and others pupils´ mathematical performances or personal characteristics. We will
attach pupils´ high mathematics self-confidence to their positive self-regard or self-
feelings (i.e. sense of self), such as their firm trust or self-assurance of their own
personal mathematical perceptions, knowledge, abilities, and self-control or self-
determination in doing and learning mathematics. Again, low mathematics self-
confidence should be reflected in pupils´ self-doubts and self-worries or distrust of their
own mathematical knowledge, abilities, and performances. Additionally, the involved
perceptions of low self-control235 would be linked to a general lack of feeling toward
personal agency and control over mathematical environments or specific learning or
performance situations, intertwined further with inadequacy, stress, and anxiety
experiences, and even extreme negative responses such as helplessness or depression.236

Instead, the involved experiences of high self-control are related to feelings of high
personal agency, a sense of coping efficacy, and a positive sense of self-worth in respect
to mathematics and mathematics learning.237

Moreover, we connect mathematics self-confidence constructs closely with our dynamic
or process-based view of self-phenomena (or self-concept) as well as of affect,
cognition, and self-regulation in social mathematics learning environment. We will
consider self-confidence as an important self-phenomenon behind the qualities of pupils´
self-states with mathematics238 that function in pupils´ significant self-evaluative, self-
system, and self-regulative processes in mathematics learning situations (see Figure 4.2;
c.f., Borkowski et al., 1990; Burns, 1979; Malmivuori, 1996b; McCombs, 1989;
Oosterwegel & Oppenheimer, 1993). Variation in levels of self-confidence constitutes an
important and constantly influencing affectively intertwined self-frame of reference for
pupils´ more specific self-perceptions with mathematics, as well as for their mathematics
learning actions and intentions to arise, operate, and to further develop.239 It essentially
determines240 how pupils feel and think about themselves in relation to mathematical
performances, that is, the actively operating or functional part of their self-concept
(Malmivuori, 1996b) through which they experience their self and self-potentials by
doing and learning mathematics.241 The strength of pupils´ self-confidence with
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232 I.e., their possible selves, ideal self, or self-ideals (Burns, 1979; Markus & Nurius, 1986; Wylie,
1987).
233 C.f., Marsh, 1986.
234 C.f., Markus & Nurius, 1987; Oosterwegel & Oppenheimer, 1993; Wylie, 1987.

235 Understood here to be essentially included in pupils´ self-confidence. 
236 See Chapters 5 and 6; Bandura, 1986; 1993; McCombs, 1989; Weiner, 1986.
237 Bandura, 1993; Borkowski et al., 1990; Harter, 1985; McCombs, 1989.
238 I.e., as the state aspects of their self with mathematics; see also McCombs, 1989; Wylie, 1974.
239 See Chapters 6 and 8; c.f., Borkowski et al., 1990; Harter, 1985; McCombs, 1989.
240 As mainly unconsciously operating or nonphenological self-perceptions (Wylie, 1974).
241 C.f., Bandura, 1993; Burns, 1979; Harter, 1985; McCombs, 1989; McDonald, 1989.



mathematics determines, then, in large part the extent to which they “stake” themselves
on mathematical performances. More particularly, we view pupils´ self-confidence in
operating against their future or imaginary mathematics learning situations,242 coming
close to the self-perceptions and self-system processes attached here to pupils´ self-
efficacy in mathematics.243

Developmental Aspects with Self-Confidence
Even if pupils´ progress of mathematical knowledge and abilities are seen to directly
influence the development of their mathematical self-beliefs, the qualities of their self-
beliefs and self-evaluations with mathematics may be relatively independent of their
mathematical abilities, skills, or competence (see Bandura, 1986; Harter, 1985;
McCombs, 1989). On the other hand, indirect effects of these on pupils´ mathematics
self-confidence has been pointed to by referring to the number or frequency of their
experienced successes with unique mathematics learning situations.244 More generally,
this connection of pupils´ mathematical successes245 with their self-confidence levels is
defined as “success divided by pretensions equals self-esteem” by James (1890; 1963;
see Burns, 1979; Oosterwegel & Oppenheimer, 1993). That is, we can see experienced
successes or again failures together with the general qualities and development of pupils´
mathematical self-belief systems constitute the frame of reference for the development of
or changes in pupils´ self-confidence with mathematics. The involved pupils´ self-related
affects, patterns and adequacy or validity, and consistency of their self-belief systems all
tend to proceed along with their age and to depend, for example, on their gender (Harter,
1985; Leahy & Shirk, 1985; Oosterwegel & Oppenheimer, 1993). This kind of
development of and changes in pupils´ mathematical self-belief systems are then reflected
directly in their self-confidence reflections with mathematics. At the same time, we view
experienced self-confidence levels to constitute a central self-understanding and self-
feeling basis for the further development of pupils´ self-beliefs, mathematics-related
beliefs, as well as self-system processes in general.246 High frequency of positive
confident self-states in mathematics learning situations can then be viewed to reflect as
well as to further strengthen pupils´ high self-confidence with mathematics (see also
Harter, 1985; Wylie, 1987), whereas frequently experienced negative self-doubtful states
with mathematics lower their overall self-assurance with learning and doing of
mathematics.

Changes or development of self-confidence proceed through the particular personal
dimensions or clusters of related self-belief systems into their more general (or more
frequently) experienced self-confidence experiences with mathematics (see Shavelson et
al., 1976). Essential in this general development of pupils´ self-confidence is the strength
and/or psychological centrality of the values and ideals attached by pupils to the aspects
of their learning and doing of mathematics in general, as well as during their situational
self-evaluations.247 This personal importance or relevance of evaluative dimensions at a
given time determines the qualities and development of pupils´ self-ideals and self-
evaluative processes with mathematics, and hence the level of their mathematics self-
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242 E.g., through their presumptions or expectations for own future mathematical successes or again
failures. 
243 See below; Bandura, 1993; Doctor & Kahn, 1989; Hackett & Betz, 1989; McDonald, 1989, p. 225;
Mura, 1987.
244 C.f., Fennema, 1989; Hart, 1993.

245 I.e., “success identity” (Corey, 1987).
246 C.f., Borkowski et al., 1990; Burns, 1979; Eccles et al., 1983; Fennema, 1989; Hart, 1993; Markus
& Wurf, 1987; McCombs, 1989.
247 See Chapter 6; c.f., Burns, 1979; Oosterwegel & Oppenheimer, 1993; Shavelson et al., 1976.



confidence experiences.248 We may point to some additional structural characteristics of
pupils´ self-belief systems that importantly influence their self-confidence reflections with
mathematics. A clear and adequate self-image with multidimensional and highly
conscious structures in self-beliefs will produce certainty and more realistic goals for
mathematical performances. That can be expected to promote pupils´ self-confidence
directly and indirectly through their more frequent mathematical successes and increased
capability for self-reflection and active self-control or self-regulation in respect to
mathematics.249 On the other hand, unstable, obscure or sparse, unconscious, and
inadequate self-views are more likely related to pupils´ weak self-knowledge,
unrealistically high or low mathematical goals, and to larger discrepancies between their
actual and possible mathematical selves, and further to fewer experiences of mathematical
successes accompanied with lowered self-esteem and self-confidence with mathematics.
Good and proper self-knowledge with high consciousness and high frequency of
evaluative dimensions or complexity in pupils´ self-belief systems can be seen to operate
also as good protectors against their mathematical failures. In addition, flexible, or “self-
revising,” well-functioning and open self-systems with few belief clusters will increase
the possibility of maintaining their general and mathematical self-image and self-esteem,
despite encountered obstacles in specific mathematics learning situations or domains.250

Self-Efficacy in Mathematics Learning

The rather new self-construct called self-efficacy has been developed in socio-cognitive
learning theories, and recently within educational research domains especially by B.J.
Zimmerman. The construct is used to understand pupils´ achievement or choice
behaviours within their personal self-constructive processes, by emhasizing additionally
their social relations and perceptions of significant others (Bandura, 1977; 1986; Pintrich
& Schrauben, 1992; Schunk, 1981; 1984; 1990b; Zimmerman, 1989a; Zimmerman et
al., 1992). Within school mathematics learning context, the notions of pupils´ self-
efficacy perceptions (or self-efficacy beliefs) have been theoretically connected to
Bandura´s idea of self-efficacy, involving their beliefs about their own capacity to
perform a behaviour in order to reach a goal or to attain a certain level of performance in
mathematics (Bandura, 1977b; Bandura, 1986; Hackett & Betz, 1989; Meece et al.,
1990; Schunk, 1989b; see also Weiner, 1992b). Self-efficacy is viewed as constituting a
part of pupils´ self-concept of their ability in mathematics. As with self-confidence, the
scales used to measure mathematical self-efficacy beliefs may be rather general in nature,
or they may vary from the measurement of pupils´ perceptions of their own personal
mathematical abilities or skills251 to measurement of their evaluations of their own
confidence levels with mathematics.252

Rather consistently, self-efficacy has been studied as closely linked to pupils´
expectancies for their future performances. Even if outcome expectations are presented as
a distinct form of self-perceptions in social cognitive models (Bandura, 1986; Pintrich &
Schrauben, 1992; Schunk, 1989b), self-efficacy seem to be treated and measured often
as similar to pupils´ expectancies for success, and to be equated further with pupils´
confidence in their performance expectations (see, e.g., Hackett & Betz, 1989). We view
self-efficacy perceptions as importantly involved in pupils´ self-evaluative processes, and
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248 For example, through the changes in the discrepancies between their actual and ideal or possible selves
with some mathematical domains or in their general personal importances or appreciatons attached to
mathematics and its learning or performing.           
249 C.f., McCombs, 1989; Oosterwegel & Oppenheimer, 1993.
250 C.f., Borkowski et al., 1990; Oosterwegel & Oppenheimer, 1993; Rokeach, 1960.
251 I.e., similar scales used to measure general academic self-concept. 
252 C.f., Hackett & Betz, 1989; Norwich, 1987; Pintrich & De Groot, 1990; Schunk & Gunn, 1986;
Zimmerman & Martinez-Pons, 1988.



to be based on their beliefs about their own competence in mathematics,253 and to relate
significantly to our dynamical approach to pupils´ mathematical self-phenomena (or self-
concept) and mathematics learning processes with affect. As with self-beliefs and self-
confidence perceptions, pupils´ self-efficacy can be viewed to vary according to the
strength and relative degree of generality within mathematical domains (c.f., Bandura,
1986; Meece et al., 1990; Norwich, 1987; Schunk & Gunn, 1986; Smith, 1989).
However, even more than to assess their general (mathematical) aptitudes, abilities, or
knowledge, we see this self-construct to stress254 pupils´ judgments of the capability to
have control and power over their own functioning, knowledge, and skills in specific
mathematics learning situations255 (see Bandura, 1994; Schunk, 1989b; 1990b). Against
these conceptualizations, pupils´ mathematical self-efficacy can be conceptualized as their
task-related self-confidence with mathematics. 

Strong self-efficacy in mathematics is reflected in pupils´ positive expectancies and
feelings of capability in mathematics achievement settings, while weak self-efficacy is
reflected in their low expectancies of their own mathematical success and high
expectancies of their own mathematical failures and/or of low mathematics achievements,
accompanied by strong doubts of their mathematical capability.  Suggestions and
obtained findings of the close positive relations between pupils´ forethoughts as
expectancies for success and their self-efficacy beliefs of ability256 will produce a direct
link to pupils´ motivational learning processes, more specifically, to expectancy-value
models of motivation (see Section 3.4.2; Bandura, 1986; Eccles et al., 1983; Nicholls,
1984; Schunk, 1984; Weiner, 1992a; see also Bandura, 1993; McDonald, 1989). The
construct of self-efficacy involves in itself a kind of task orientation approach to self-
phenomena.257 Moreover, as a task-specific self-confidence this link between pupils´ self-
efficacy and their mathematical achievements has been regarded as more direct than for
the applied general self-concept of mathematical ability, and as even more powerful than
the general measures of self-confidence applied in mathematics educational studies
(Bandura, 1993; Hackett & Betz, 1989; Meece et al., 1990).

Several aspects of the concept and use of self-efficacy make it a bit different from the
other above considered self-constructs, and especially appropriate for the chosen
framework of this study. Firstly, the construct has been connected directly to pupils´
personal beliefs and belief systems (see Bandura, 1986; Schunk, 1989b; 1990b;
Zimmerman et al., 1992) and does not follow the traditionally applied references with
self-constructs to mathematics attitudes, or even to affective factors in mathematics, and
is also free from the frequently understood basic division between affective and cognitive
human characteristics. Instead, the related self-system processes have a well-developed
theoretical basis258 that deals with affective, cognitive, and social aspects of pupils´
personal learning processes and, more recently, the self-regulative aspects of learning.
The notion of self-efficacy connects pupils´ self-perceptions clearly to their personal and
unique self-evaluations and jugdments, understood here to importantly function behind
their affective responses with mathematics as well as their self-regulative aspects in
personal mathematics learning processes (Bandura, 1986; 1993), and can be well applied
to our illustrations of the dynamics of pupils´ affect, cognition, and social environment.
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253 C.f., Bandura, 1986; Zimmerman et al., 1992; Wigfield & Meece, 1988.
254 Even if self-control has not necessarily been stressed in the measures of self-efficacy or it might have
been considered as a separate construct highly connected to self-efficacy (see, e.g., Pintrich & Schrauben,
1992).
255 I.e., socially, contextually, and environmentally determined situations.
256 See, e.g., Mandler, 1989; Meece et al., 1990; Pintrich & De Groot, 1990; Schunk, 1989b.

257 C.f., Hackett & Betz, 1989; Norwich, 1987; see also Pintrich & Schrauben, 1992.

258 In the social cognitive and self-efficacy theories (Bandura, 1986; 1977b; Schunk, 1984; Zimmerman,
1989b; Zimmerman et al., 1992). 



The construct hence represents clearly259 the functional aspects of pupils´ self in
mathematics, i.e., their beliefs about the self in action and control, and is here understood
as deeply involved in their self-regulative mathematics learning processes.260

Developmental Aspects with Self-Efficacy
Similar additional features attached to the development of pupils´ self-confidence
perceptions in mathematics are valid for their self-efficacy with mathematics. On the other
hand, with pupils´ self-efficacy perceptions we stress their self-control beliefs and
experiences. In the chapters below, we will connect the development of these perceptions
and experiences of personal control closely to the emergence and development of pupils´
personal agency in respect to mathematics and mathematics learning situations. In
consequence, changes in pupils´ self-efficacy perceptions with mathematics can be
significantly connected to the development of their experience of self-control and agency
in relation to mathematics learning or performing, and further to the qualities and
development of their self-regulatory systems, actions, and states with mathematics. Even
more directly than with the self-confidence construct,we consider the (positive)
development of pupils´ self-efficacy with mathematics against the increase in their self-
knowledge and self-awareness in general and with mathematics in particular. By this it is
referred here to an increase in, for example, pupils´ conscious and clear conceptions of
their own weakenesses and strengths in doing mathematics or accomplishing
mathematical tasks. In their knowledge of their own effort behaviors during mathematical
performances, and in their detailed and realistic information of their knowledge and skills
within various mathematical domains and learning or performance situations, i.e.,
development of realistic and differentiated self-image and self-control or agency beliefs
with mathematics. More adequate self-beliefs, and positive self-control or agency beliefs,
together with better mathematical outcomes and more positive (affective) and self-control
experiences with mathematics, should then promote pupils´ measured self-efficacy
perceptions and expectations for their future or ongoing mathematics learning
situations.261 Especially, we stress the role of pupils´ enhanced self-regulative processes
and intertwined self-states in the improvement of their mathematical self-efficacy and
self-esteem or affective responses toward their mathematical self, due to the increased
experiences of personal control and agency over unique mathematics learning
situations.262

4.4.3 Causal Attribution Model for Self-Perceptions in Mathematics

Causal attributions have been considered widely in social psychological literature in
connection to highly personally intertwined situations like academic achievement or social
rejection, in which personally perceived causes are given for the result of an action
(Weiner, 1986). Educational research has adapted this perspective to the framework of
academic achievement motivation generally called attributional theory of achievement
motivation (Reyes, 1984; Weiner, 1992a). This theory offers an  appropriate framework
for describing the socio-cognitive aspects of perceptions and related dynamics of affect
and cognition in social learning environments. Also, it supports our detailed illustration
of the significant dimensions of pupils´ self-perceptions in this dynamic in a way that is
consistent with the learning models presented above as well as with the learning model of
this study (see Sections 3.4; c.f. Bandura, 1993). Furthermore, social constraints and
norms involved in mathematics, as well as widely reflected socio-culturally held beliefs
about mathematics importance or difficulty, the general importance of success and failure
in mathematics learning, together with repeated solving performances or episodes with
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accompanying immediate, distinct, and public observations from pupils´ mathematical
failures and successes263 can be seen to further support this kind of study with
mathematics achievement events.264 Particular types of mathematics learning situations for
studying causal attributions in the school context are represented by mathematics exams
and tests. Mathematics education studies of causal attributions appear under the theme of
affective variables or as one form of mathematics attitudes and have been applied to
reveal the gender-related differences in mathematics, in the form of pupils´ causal
attributions (i.e. causes) of their success and failure in mathematics (Fennema, 1989;
Fennema et al., 1979; McLeod, 1989a; 1992; Reyes, 1984). 

Below, we present the general theoretical viewpoints or dimensions of causal thinking
that will be used in this study to distinguish between the significant qualities of pupils´
self-perceptions with mathematics. The affective and self-regulative implications of these
perceptions and dimensions will be given in Sections 6.3 and 8.3.  

Frameworks of Causal Attributions

Pupils´ self-perceptions and self-judgments reflected in their causal attributions are
suggested to represent an after-thought or re-thought mechanism, in contrast to the so
called fore thought structure,265 and to depend on pupils´ personal interpretations, but also
on such things as the mathematics learning situation at hand, the outcome of the
mathematics learning event, their personal knowledge and history, and on other pupils´
mathematics outcomes.266 In our learning model, presented in Section 3.4.3, this
mechanism is included especially in the self-system processes called pupils´
interpretations and evaluations of self, events, and experiences with mathematics,267

which are related further to various personality aspects and socio-cultural features of
school mathematics learning or interpretations (see Chapter 6). More specifically, we link
it to the activation, as well as further development, of pupils´ self-systems with
mathematics. In causal attributions, the organization of involved causal thinking, as well
as the selection of specific causes for outcomes, appear relatively simple in nature. A
hypothesis exists that one first chooses to attribute and then places the attribution in a
way that is logically classifiable into a few causal dimensions (Weiner 1986; 1992a). 

Contemporary attributional studies have their basis especially in the attributional theory of
achievement motivation developed by B. Weiner (1979; 1986). He presents three main
dimensions for causal attributions. These consist of the locus of causality, the stability of
causality, and the controllability of causality. The locus of a given cause tells whether the
cause is inside or outside the perceiver, stability deals with the duration of the cause, and
controllability specifies the extent to which the cause can be influenced by the perceiver
(or by someone else). The first two dimensions divide causes into four categories that are
further considered as the most essential, particularly in achievement contexts (Weiner,
1974; 1986). The four categories of causal attributions, i.e., ability, effort, task
difficulty, and luck, have been illusrated most often by a two-times-two table, like the
one below in Table 4.1.
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861.
266 C.f., Weiner, 1986; 1992b.
267 C.f., Bassarear, 1986.





Causal Attributions and Self-Beliefs

According to the model, the basic qualities and effects of pupils´ self-attributions relate to
the first and primary locus dimension (self vs. environment) in causal thinking, but we
will consider also the role of the other two dimensions of attributions in our analysis of
pupils´ self-perceptions. Causal attributions are here viewed to represent an indirect but
highly useful approach to pupils´ self-beliefs and the operation of these within
mathematics learning contexts. In this, pupils´ deductions from their unique perceptions
of mathematics learning events are joined to the three causal dimensions in attributions
noted above. Moreover, pupils´ self-perceptions and self-evaluations linked to their
causal attributions with mathematics can be viewed to operate in two directions. First,
according to the model these perceptions of the causes for their own mathematics
performance outcomes have significant implications for their affective responses to
mathematics and mathematics learning processes or efforts and outcomes with
mathematics later. These, again, influence pupils´ future perceptions of and beliefs about
self with mathematics. On the other hand, the characteristics of their self-perceptions with
causal attributions reflect their general and highly stable beliefs about self in respect to
mathematics (c.f., Reyes, 1984). Thence, Bandura (1993), for example, views that self-
efficacy beliefs operate significantly in pupils´ causal thinking with attributions.
Similarly, we may connect self-perceptions with causal attributions closely to the strength
or level of pupils´ experienced and developed self-confidence with mathematics.      

The causal attribution model suggests that higher self-esteem should relate to
mathematical successes with internal attributions270 and/or mathematical failures with
external attributions,271 whereas lowered self-esteem is linked to pupils´ perceptions of
internal causes for their mathematical failures and external causes for their mathematical
successes (see Weiner, 1986; 1992a). This variation of self-perceptions is further
enhanced by the stability dimension of these attributions. Accordingly, the most positive
consequences for pupils´ self-experiences would then be intertwined with their
mathematics ability perceptions for personal successes in mathematics,272 together with
external unstable attributions like bad luck for their personal mathematical failures. In
turn, the most deleterious results would relate to ability attributions for their failures,
along with external unstable attributions for successes in mathematics (see also
Borkowski et al., 1990; Dweck, 1986; Harter, 1985; Weiner, 1986; 1992a). The
extensiveness of these involved negative or positive self-experiences and self-effects with
mathematics can further be connected with pupils´ personal characteristics, to the
repetition in or number of mathematical domains or situations for these kind of
attributions, and with the aspects of the context or mathematics learning situation at
hand.273

In addition to stable ability perceptions, we will stress here pupils´ high self-control
perceptions in respect to their mathematical successes and failures as involved in the
controllability dimension274 in the attribution model above. Internal and controllable
attributions, particularly with perceptions of personal efforts, or lack of these,275 as
causes for mathematical successes as well as failures can be viewed to significantly
determine the extent to which pupils are able to experience their personal power or
agency over their mathematical performances (see also Bandura, 1993). This represents
the core self-experiences of pupils´ personal mathematics learning processes considered
in this study.  Attributional studies generally show that high self-esteem would be
connected to ability attributions for personal successes and effort attributions for failures.
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274 Or internal locus of control.
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But, reflection of effort attributions instead of a fixed mathematical ability for
mathematical successes in general seems to be positively related to pupils´ self-
confidence as well as personal engagement and effort or self-regulation activity in
mathematical performances (Dweck, 1986; Kloosterman, 1988; Malmivuori, 1995;
1996b; Malmivuori & Pehkonen, 1996; McLeod, 1992). In turn, we connect
uncontrollable and stable external attributions for personal mathematical failures to
opposite kinds of highly influential negative self-experiences and affective responses as
well as inefficient self-regulatory behaviours with mathematics, which generally are
attached to stable ability attributions for failures.               

We will apply these notions of pupils´ causal attributions with mathematics and use them
for our illustrations of the interplay between pupils´ mathematical self-perceptions, their
related significant affective responses with mathematics, as well as their self-regulatory
mathematics learning behaviors. And, further, we connect these to their larger, socio-
culturally determined, school mathematics learning context and environment,276 consistent
with the educational learning models or achievement motivation theories presented in
Section 3.4.2. Even if the general developments with causal attributions tend to deal with
many different aspects of one´s perceptions of some significant event, we attach the most
important difference in these to relate to external causes and again internal causes for
successes as well as failures. Hence, we will emphasize the significant distinctions
between pupils´ self-perceptions and other277 perceptions in their causal thinking in
mathematics learning situations. And, even more particularly, we look at their perceptions
and judgments of their own control and effort in respect to personal mathematical
performances and experiences or successes and failures with mathematics. 

4.5 Concluding Remarks

Above we considered the basic characteristics that were seen as involved in all kinds of
pupils´ belief constructions to varying extent. We only incidentally referred above to such
features of beliefs as the adoption or formation of beliefs, change of beliefs, influence of
beliefs, and development of belief constructions or systems. To give a general illustration
of the nature of beliefs, we can see at least four different phenomenological
characteristics that can be attached to beliefs. First of all, beliefs are always personally
constituted, gradually or spontaneuosly. Beliefs also change, radically and suddenly or
slowly over time. Beliefs get constinuously completed or developed through and in
respect to the linkages to other belief constructions. And beliefs are expressed in
thoughts, affective responses, and behaviours.278 On the basis of these general
characterizations, beliefs can be viewed as firm compositions of and connections or paths
for fluent mental energy and of thought. Belief systems are dynamic in nature and under
constant change and reconstruction. This view is reflected in particular in our
concentration in this study on pupils´ self-perceptions, self-interpretations, and personal
learning and self-regulation processes with mathematics. But the effects or connections
of pupils´ beliefs to mathematics learning situations are also clear and predictable.
Additionally, the dynamic and self-directive power of central beliefs is difficult to change
and often weakly recognizable by pupils or by teachers. These aspects tend to keep
beliefs unchanged (i.e., stable) and to sustain the particular significant qualities and
effects of pupils´ mathematical belief systems,279 including their more or less intense
affective responses and particular behavioural or interpretative patterns with mathematics.
In this, we point especially to pupils´ self-beliefs, basic beliefs about mathematics and its
learning or teaching, and to their reflected significant socio-cultural values or
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278 C.f., Jones, 1990; Malmivuori, 1994; Pehkonen & Törner, 1996; Underhill, 1988.
279 As more or less illogical, unconscious, inconsistent in nature.



appreciations attached to mathematics.      

One of the leading ideas in different dimensions or characteristics of pupils´ mathematical
beliefs and belief systems was attached to the amount of conscious cognitive processings
included in the activation, adoption, and sustenance of beliefs. This was viewed to
essentially influence the structural aspects in belief systems. The more extensive and
structurally consistent a belief, the more there are conscious logical inferences behind the
belief and the larger number of interrelated constructions within. The most flexible of
their beliefs were suggested to involve high consciousness, good logic, and clear
consistency. These qualities of beliefs can further be viewed to reduce the number of
(unconsciously held) primary and deep beliefs, of separate belief clusters, as well as of
linkages to highly intense affective responses in beliefs or belief systems.280 As well as to
what extent pupils´ beliefs are prone to influences, changes, or further development. The
nature and position of beliefs within pupils´ belief systems depend on the contents and
objects of their related mental constructions, but also on the characteristics of the learning
situations and of personal factors, experiences, states, and structures intertwined with the
constructive processes with these beliefs (Malmivuori, 1994). These aspects with beliefs,
then, have an effect on how pupils´ beliefs become reflected, manifest, and influence
their personal interpretations, learning processes, and experiences with mathematics.     

A basic difference was made above between pupils´ mathematics-related beliefs and their
beliefs about self as mathematics knowers and learners. Having significantly different
roles in constituting pupils´ personal affective experiences and learning actions, beliefs
about mathematics and mathematics learning or teaching can be viewed to form a more
extensive starting point or framework for their interpretations and processes in
mathematics learning situations. These act as “mathematical” or “socio-cultural” mental
regulators in pupils´ thinking, their arousals and/or strengthening of own affective
responses toward mathematics, and in their mathematics learning actions. This
interpretative and self-regulative mathematical frame of reference determines in large part
the direction in pupils´ daily interpretations, orientation, and actions with mathematics
and with self. In this way these beliefs and belief systems create further the stable mental
channels for pupils´ mathematical knowledge acquisition and applications, their
significant affective responses and actions with mathematics to appear, and also the basis
for their individual development with respect to these personal aspects or components of
mathematics learning or performance processes. 

However, we regarded the category of pupils´ self-beliefs and related self-belief systems
and/or self-processes as the primary beliefs for our dynamical study, for pupils´ personal
interpretative, as well as for self-regulative processes, in learning of mathematics. As
understood to be involved in extensive, complex, and frequently activated mental
systems and  basically considered as unconscious and implicit in nature, self-beliefs
come to mediate efficiently other contextual and socio-culturally intertwined mathematical
beliefs and the effects of these on the qualities of their mathematics learning or problem
solving,281 but also importantly to operate behind or within pupils´ significant affective
responses and self-regulative behaviours in mathematics learning situations. In
consequence, the involved self-beliefs and self-perceptions are interpreted here as the
essential linkages behind the interplay of pupils´ affect and cognition within their self-
reflective and self-regulated personal mathematics learning processes. The above chosen
dynamical approach to pupils´ self-concept or self-phenomena will also offer an essential
framework for our dynamical descriptions of pupils´ affect, cognition, and social
environment in mathematics learning. These will be considered through pupils´ self-
interpretations, self-evaluations or self-judgments, and self-regulatory actions in relation
to mathematics. We enhance pupils´ self-beliefs or self-belief systems into an upper (or
inner) mental system in operation in their personal mathematics learning processes, in
particular with respect to their significant affective responses and self-regulative aspects
of mathematics learning. Through this personal system, then, other types of mathematical
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beliefs and perceptions become activated, influence the qualities of their personal
mathematics learning processes and affective experiences, as well as have affects on the
further development of their affective and cognitive factors with respect to mathematics.
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5 LINKING AFFECT TO COGNITIVE STRUCTURES AND
DYNAMICS

Traditional psychological considerations of affect as behavioural and biophysical reaction
without point of contact to individuality or personal cognitive contents, structures, and
acts, together with general acceptance of highly automatic processings with affect, give
an impression of an unmediated, initial, and affective system separate from cognition. In
contrast, we do not view pupils´ affective responses as discrete human characteristics,
based simply on evolution or totally on bio-physical lower order (non-rational or
unmediated) human functioning and systems.282 Instead, we emphasize that affect cannot
be considered or understood without references to pupils´ cognitive and/or metacognitive
processes, at least at some developmental, experiential, or appearance level of their
affective responses. Pupils´ influential affective responses are seen here as caused or
elicited by their activated significant beliefs and perceptions, in particular by their self-
beliefs and self-evaluative processes,283 together with the functioning of their autonomic
nervous systems, endocrine systems, or other bio-physical events. 284 By the sometimes
reflected general notions of affective systems or processes, we refer to these mental,
neurological, and biophysical systems or processes in the arousals and experiences of
affective responses. 

Within contemporary psychological literature, cognition in respect to affect has gained
increased attention, in which the most important developments in affective-cognitive
interplay have been centred on the concept of emotion and appraisal theories of emotions.
In addition to beliefs and belief systems, the preliminary outline for the concepts of this
study contains the subdomain of feelings or emotional reactions (see Section 3.3). This
subdomain of the presented model was designed to classify feelings specific to learning
situations within an attributional or emotional continuum consisting of feelings of
“pleasant - unpleasant” in learning. Additionally, affective reactions have been generally
viewed to vary in strength, power, or intensity, in stability, and/or in duration. Above,
we introduced the term “affective responses,” but we refer also to pupils´ affective sets,
states, and experiences in our learning model (Section 3.4.3), used to denote the
systematic as well as dynamic aspects attached here to pupils´ affect with mathematics. In
this chapter, we first examine in detail the categories of pupils´ affective responses and
the qualities or dimensions generally attached to affect, and connect them with
mathematics learning situations, pupils´ personal mental systems and with the aspects of
their mathematical belief systems considered above. Next, general interdependences
between pupils´ affect and cognition will be analyzed and applied to mathematics learning
situations. Arguments are presented for dynamic perspectives of these interdependences,
which are emphasized in this study.

Below, we will concentrate on the various qualities or aspects of pupils´ affective
responses as linked to their cognition, and the ways the involved linkages appear,
function, or develop with respect to pupils´ personal systems and learning processes.
The widely accepted gap between the affective and cognitive domains of personality (see
Section 2.3) will be elucidated and narrowed here, not only by taking into consideration
the kind of theoretical constructs applicable to our systematic and dynamic descriptions
with affect and cognition,285 but also by paying attention to pupils´ situational arousals,
states, and processings with affect. These relate to our look at the relationships between
cognition and affect as bidirectional or reciprocal in nature.286 The qualitative differences
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284 C.f., Mandler, 1989; Simon, 1982.
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286 C.f., Bandura, 1978; Hewstone & Macrae, 1990; Lazarus, 1991.



between affect and cognition are joined in this study with the extraordinary and
inaccessable (or unconscious, preconscious) nature of the mental processings behind
affect. Accordingly, we view that affect and cognition represent different aspects or ways
of looking at pupils´ personal functioning and self-system processes in mathematics
learning situations. Finally, we may conclude that all three aspects or components, i.e.
pupils´ beliefs or thinking, affective responses, and behaviour, co-exist or act together in
complex ways so that any one of these aspects of personal learning processes may give
rise to another, being constructed and/or experienced by pupils.287

5.1 Affective Responses Against Personal Systems

The model and subdomain of feelings included in our preliminary outline of the concepts
of the study (see Section 3.3) consist of highly common affective categories or terms.
However, these can be viewed to involve some important dimensions of human
emotional reactions, which can be closely connected with the interplay of affect and
cognition in mathematics learning situations. The related dimensions or developmental
lines also create a direct link from affect to pupils´ personal structures, considered here
specifically in respect with their mathematical belief systems and the variation in the
qualities of their self-systems, affective self-states, or self-system processes in
mathematics learning or performance. The basic categories of affective responses are
based on the suggested subdomain of feelings, in which the responses vary according to
the primarity and extensiveness of pupils´ affective responses. Into additional and closely
related dimensions we attach such ideas as the degree of personal constructive
involvement in affective responses, the controllability of affective responses, and the role
of social functions in affective responses. We also examine the stability of affective
responses, the intensity or duration of affective responses, and the role of consciousness
or conscious cognitive processes in affective responses as included in the categories of
the subdomain. A special emphasis will be placed on those affective responses studied
and considered as important within mathematics education research.   

Dimensions Within the Given Model of Affective Domain

In his model for affective domain, Saari (1983) views the categories in the subdomain of
feelings to consist of all kinds of individual experiences of one´s internal states, and to
include the basic categories of simple needs, affects, emotions, and the emotional quality
of personality (see Figure 3.1). The progression is from simple needs to the emotional
quality of personality, as determined by the primarity and extensiveness of these
responses or states. Simple needs constitute in the model the basic, i.e. primary, human
affective states aroused by intrinsic irritants and bio-physical human characteristics.
These drives288 are unconditional in nature, demanding immediate and specific (e.g.
drinking, eating, sleeping) satisfaction before deduction, while special drives presuppose
special kinds of satisfaction characteristic for human beings but also determined by social
norms. Consistent with most psychological views, affects289 are viewed by Saari (1983,
p. 24-25) as special and rather simple affective responses, aroused by some external290

stimulus and mainly based on biological instinctive reactions. Affects are extremely prone
to overcome whole groups of persons through related specific and communicative (easily
interpreted) expressive signs, which are partly worked up by social reality and norms.
Unlike needs, affects may, however, lose their strength. These can be reduced or
repressed and may be displaced by each other. 
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In the model, emotions (e.g. shame, anxiety) are classified as a more extensive group of
affective states that represent personally constructed and directed responses rather than
direct derivations from biological instincts. Referring, i.e., to Hillman (1970) and Heller
(1979), Saari (p. 25) considers emotions as complex and multi-faceted affective
processes or states, including behavioural and physiological phenomena and subjective
feelings. Emotions are overall incidents of personality, aroused in one´s life
circumstances by the interpretations or appraisals of a situation. Unlike affects, arousals
with emotions do not preconceive specific external irritants, but instead may be
produced, e.g., by imagination or thoughts. Emotions and emotional reactions are
regarded as extensive (and deep) affective responses together with high uniqueness and
individuality included in them.291 One can also learn to control emotions or to turn them
toward some object. Single emotions are not considered as necessary (primary) for one´s
life, but the lack of emotions would lead to a totally withered form of life. These
characterizations are consistent with more general understanding of emotions (see Section
5.2.2).

To the emotional quality of personality292 Saari (1983, p. 27) includes habitual emotional
styles or forms of affective reactions that may be learned or based on genetic heredity.
The first category of these, the emotional personality, consists of the personal traits
within the dimension of “good- bad” that one can at least partly influence and for which
one is also viewed as personally responsible for. Only those responses to be judged or
assessed are included in this first category. The second category of emotional quality of
personality deals with the kind of affective human characteristics related to one´s
temperament.293 This category can be basically viewed as based on one´s biological
structure and to include also the category of affects given above. Accordingly, pupils´
affective behaviour would at least partly be predicted on the basis of their habitual
emotional styles. In addition to the above described categories of pupils´ affective
responses (needs, affects, emotions, emotional personality), Saari (1983, p. 28)
mentions two other important groups of feelings: moods and sentiments. Moods294 are
generally viewed to consist of slight affective states or affective arousals which often
appear after or before an emotion (see, e.g., Simon, 1982) which do not have any
obvious objects and generally do not result in any particular behaviour, but may involve
some bodily signs. Sentiments as the category of the subdomain are characterized as
well-organized, consistent, and rather stable ways of feeling or affective systems or
processes developed on the basis of often repeated emotions. The related appraisals and
forms of responses with affective experiences are viewed to achieve in this way
consistency within pupils.  

The categorization of affective responses involved in Saari´s subdomain of feelings is
quite general and not quite exhaustive in nature, but does contain the most important and
commonly used affective concepts in educational research, like emotions and affects. It
begins with human drives or needs and ends with procured personal ways of feeling in
which the first category of affective responses represents the simplest or most
spontaneous and the most concise affective responses; the last category represents the
most comprehensive affective responses with the lowest necessity or instinctiveness.
These dimensions can be logically and theoretically combined with additional notions and
views of affective responses in pupils´ mathematics learning processes. We may look at
these other related and important dimensions understood here to also be involved in this
classification of affective responses. These dimensions offer a more detailed illustration
of pupils´ affective responses with respect to their personal systems and processes.   
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Other Related Dimensions with Affective Responses

There are some other aspects that differentiate between the considered groups of feelings
given above, some of which is also referred to by Saari in his presentation (1983). First
of all, needs as based on internal (biological) stimuli were detached from other categories
of affective responses as lacking a social communicative function. Furthermore, needs
were most directly connected to general bio-physical human characteristics and viewed to
represent the most difficult affective responses to be controlled by pupils. The same
uncontrollability and lack of true individuality concerned the temperament aspect viewed
to be based basically on genetic inheritance. Even if single responses with one´s
temperament could involve some kind of social communicative function,295 sligthly
increased personal control and social significance, but still weak individual constructive
flavour, can be attached to the category of affects. In general, a loose and rather
ambiguous relation is perceived in the model between the category of moods and bio-
physical, social, as well as personal constructive or controllable human features. Instead
of having a strong bio-physical basis, a significant individual constructive involvement is
included in the categories of emotions, sentiments, and the emotional personality, which
also appear to be more under persons´ own control. The social communicative function
varies in these, along with the specific affective responses in question. The most
extensive personal control is in the model attached to the emotional personality.

Something can also be said about the stability with respect to the considered categories of
affective responses and to individuals or groups of pupils. In accordance with the given
model, the most stable (or least likely variable) affective responses are those based on
human needs. Extreme stability or weak tendency to changes would relate also to those
affective responses classified above as based on inherited genetic emotional qualities of
personality. Moreover, affects were viewed as highly general and stable affective
responses,296 even if situational expressions of affects may be prone to some changes.
The highest inclination to changes in affective responses and expressions (i.e.
unstability) could be joined to emotions, categorized above as tightly connected to
individual interpretations made in specific situations.297 The category of moods is
illustrated in the model to have also a highly inconstant nature, whereas sentiments were
understood as rather stable affective inclinations, i.e. as stabilized emotions. The
category of the emotional quality of personality as a whole is used in the model to
indicate the most stable and habitual ways and styles in one´s affective experiences and
responses. 

In addition to the general direction (positive - negative) viewed to be involved in all kinds
of affective responses or the stability of affective responses, we may look at the intensity
or magnitude and duration of pupils´ affective responses. In this, we may refer to the
notions and developments made by McLeod (1988; 1989b) in respect to affective issues
or responses in mathematical problem solving. Intensity would then be pointed to the
power of aroused states involved in pupils´ affective responses, and further to the
inclination or possibility of these states to occupy their consciousness, influencing in this
way their situational or longer-term personal experiences, control, and functioning with
mathematics (Mandler, 1989; McLeod, 1988, 1989b). The duration of affective
responses produces another feature viewed generally to specify the nature of various
emotional states. By this term McLeod (1988) seems to contrast between the temporal
dominance of affective states in one´s consciousness or experiental field in unique
learning situations and the responses with longer-term or more frequent appearances in
one´s consciousness as well as in behaviour. By the affective constructs of short duration
McLeod points to emotions; affective responses of longer duration are represented by
pupils´ affective traits as attitudes (McLeod, 1989b). In general, highly intense affective
responses are more probably short in duration than responses with low intensity
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(McLeod, 1989a).  

Affects were described above as clearly intense responses with short duration. But the
duration of the more primary, and highly intense, responses of needs depend on the time
required for the satisfaction of these (Saari, 1983, p. 25). Furthermore, emotions are
generally regarded as highly intense affective states with short duration, even though
psychological literature refers also to trait emotions with high permanence or constant
appearance of particular emotional states in relation to some specific context or
environment.298 The multi-faceted and individual nature attached in the model to emotions
involves that the experienced related affective states may considerably vary also in
intensity, especially in the momentarily experienced (state) emotions, nonetheless being
always prone to overcoming the whole personality.299 In contrast to the above responses,
moods are usually characterized as fairly low intense responses or emotions, high in
duration and/or as momentary affective states,300 and perceived as mild influences behind
one´s personal perceptions, experiences, and behaviours in particular situations (e.g.,
Boekaerts, 1995; Doctor & Kahn, 1989; McLeod, 1989b; Saari, 1983, p. 28; Simon,
1982). The highly extensive and individual systems attached above to sentiments may
involve single affective responses that considerably vary in intensity or in duration. Yet,
sentiments as total personal affective units, i.e. as habitual or cognitively stabilized forms
and systems of feelings, can be seen to represent affective responses with milder
intensity and longer duration. Similar qualities can also be applied to the category of
learned affective responses in the emotional personality. The emotional quality of
personality as a whole and highly stable affective system or process may produce only
the general framework for pupils´ habitual affective experiences and states with the
involved characteristic affective responses varying then from highly intense and short-
term affects301 to affective responses with rather long duration and/or low intensity.302

We consider the amount or quality of cognitive processings involved in pupils´ affective
responses to represent the most important dimension in differentiating between their
various affective responses with mathematics. This cognitive involvement in affective
responses can be considered against the various significant aspects generally attached to
human affect, e.g. to the arousals, experiences, and expressions or influences of
affective responses. Most debate is linked to the arousal processes and the possibility or
nature of personal evaluations behind affective reactions.303 We view pupils´ evaluations
with their affective responses as essential components of their cognitive processes,
structures, or functions, appearing mainly at unconcious or preconscious levels of their
consciousness. The involved cognitive structures or processes vary in complexity and in
consciousness (see Sections 5.3-5.4; e.g., Dixon, 1981, Lazarus, 1991; Mandler, 1989;
Silver, 1987; Simon 1982; Spitz, 1993). This cognitive involvement in affect is included
also in the categorization system within the subdomain of feelings given by Saari (1983).
In turn, we view this dimension to importantly differentiate between the above
considered categories of affective responses, as well as to relate to the self-control or
self-regulative aspects with affective responses to be considered in later chapters (see
Section 7.4). Increase in complexity or abstractness in pupils´ evaluative processings
with their affective arousals or responses relates directly to the increase in their
consciousness with these responses or the processes and mental content behind these
responses,304 hence determining pupils´ ability to be or become conceptually aware of
these. This developmental tendency in affective responses goes from bottom to the top
within the presented subdomain of feelings, that is, from pupils´ early, concise, and
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simple or primary affective responses toward responses with increased cognitive
complexity included, and finally toward the most extensive and least primary affective
responses such as the emotional personality. These lines can further be contrasted with
the emphasis attached to bio-physiological human events behind affective responses. 

Needs were above regarded as strongly based on bio-physical human aspects and involve
simple evaluative processings. Also, affects as spontaneous and bio-physical reactions
and with high tendency to overcome other persons can be viewed to involve pupils´
deeply unconscious and simple cognitive processings.305 Instead, emotions classified as
highly personal and situational responses in nature are strongly connected to or viewed as
results from cognitive appraisals (see Sections 5.2.2 and 5.3; e.g., Boekaerts, 1995;
Mandler, 1984; 1989; Oatley, 1990; 1992), making this kind of response then “more
free”306 from bio-physical impacts on affective behaviour. The cognitive structures and
appraisals involved in sentiments were viewed above as more consistent than those with
emotions, but proceeding through experienced emotions. In consequence, these rather
stable emotional systems can be characterized as based on well-developed and complex
cognitive processings, but which may remain and appear highly automatic in nature, as
with unconscious attitude constructions.307 The category of emotional personality, with
the most extensive and least primary affective responses, was viewed above as strongly
based on learning and on pupils´ cognitive processings or systems. Instead, temperament
is seen as determined mainly by inherited affective features having as its basis mainly
bio-physical characteristics, and the involved cognitive processings and systems
classified as simple and strongly unconscious in nature. That is, pupils may be highly
aware of their own personal ways of reacting in specific learning situations, but unable to
influence or control them. No special cognitive element or mood is generally viewed to
be involved in moods. As rather mild (less intense, McLeod, 1989b) these are then
elicited by unconscious processings and also remain basically unrecognized affective
states (c.f., Saari, 1983, p. 28; Simon, 1982). 

5.2 Affective Responses in Mathematics Learning Situations

The affective variables traditionally studied in mathematics educational research can be
seen to represent responses with rather low intensity, rather high stability, higher
controllability, and higher involvement of conscious cognitive processes.308 This is partly
due to the low general significance of or interest in detailed examination of pupils´
affective factors in mathematics, and partly to the high emphasis laid on correlational
attitudinal studies with self-report questionnaires, intertwined mainly with pupils´
conscious reflections on their likes or dislikes with mathematics (see Chapter 2). Only
mathematics anxiety as a construct makes an exception to this. As with general
psychological research,309 mathematics educational studies have also tended to concentrate
on pupils´ negative affective responses like anxiety or dislike and the consequences of
these on their mathematics achievements. Hence, more is known of the negative effects
of affective responses on pupils´ mathematics learning than of those responses or
affective aspects playing a promotive role in their mathematics learning processes. 

Recent studies of and attention to pupils´ more intense, short-cut, and less stable affective
reactions to mathematics derive from perceptions made of highly intense affective
reactions in mathematical problem-solving situations. However, a more detailed
understanding of the arousal, significance, or development of pupils´ highly intense
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(positive or negative) and short-cut affective responses in doing and learning mathematics
is only the beginning (see Hart, 1989b; McDonald, 1989; McLeod, 1992). However,
mathematical problem solving studies together with the related recent high emphasis laid
on the information-processing and constructivist approach to mathematics learning have
caused an increased interest in pupils´ cognitive processes with their affective responses,
and also related concepts such as consciousness, metacognition, and automatic cognitive
processes (Borkowski et al., 1990; Hunsley, 1987; McLeod, 1988; 1990; Schoenfeld,
1992). Large scale correlational studies of the connections between mathematics
achievements and attitudes have gradually turned into situational-specific, more detailed,
and/or context-dependent research on pupils´ individual solving processes with involved
affect and their control of their own affective responses during mathematical
performances. These research results and suggestions will be applied also in our
dynamical descriptions of affect, cognition, and social environment.    

5.2.1 The Nature of Mathematical Responses

Pupils´ individual experiences and expressions of affective responses with mathematics
always carry social value and communicative functions within. In this study we examine
pupils´ personal mathematics learning processes as connected with their significant
personal systems and processes, especially with their internal interpretations and self-
regulation processes. These personal and internal processes and experiences with
affective arousals and responses are also influenced by socio-cultural and environmental
factors or beliefs. In Section 6.4 we will consider pupils´ affective responses as
intertwined with their self-appraisals and reflected against general socio-cultural or
contextual environmental features and beliefs attached to mathematics and mathematics
learning or performances. Accordingly, the strongest importance of pupils´ affective
responses and states to mathematics is here viewed to be connected to the qualities of
their individual affective self-states and self-appraisals or self-interpretations with
mathematics in which the dimensions of their affective responses considered above310 play
a significant role as such and in their personal mathematics learning processes.311 The
basic categories of affective responses considered above consisted of needs, affects,
moods, emotions, sentiments, and the quality of emotional personality. In characterizing
the nature of those kinds of affective responses appearing in mathematics educational
research, we may first examine the categories and dimensions presented above.
Additionally, we will deal with these categories against the depth of pupils´ involved self-
experiences, which will then produce another dimension for our examination of the
nature of their various affective responses with mathematics. Another feature relates to
the extent that pupils´ affective responses and experiences are connected to school
mathematics or mathematics learning situations in particular. Both of these two special
aspects relate to the other qualities of pupils´ affective responses, in particular to the
amount and nature of their cognitive constructive contents and processings with their
affective arousals and responses with mathematics.             

By taking notice of these two essential aspects and the primacity and simplicity of
affective responses, the least relevant category of feelings in mathematics learning could
be attached to the concept of pupils´ simple mathematical needs. Significant basic needs
or drives in mathematics learning have to do with their general, more derivative and/or
less primary needs, like those associated with their general needs for self-fulfilment and
for learning new things and skills (see the hierarchical structure of personality presented
by Maslow (1970; 1987; e.g., Atkinson et al., 1996). These general needs originate in
more comprehensive needs and meanings of life or human existence,312 the positive
effects of which may appear as pupils´ inherent interest and appeal to learning
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mathematics. In this case, mathematics constitutes an essential feature in pupils´ self-
concept structures, influencing their self-system processes and self-motivation in
mathematics learning situations (see Chapter 8). On the other hand, pupils´ biophysical
simple needs and also personal traits, named above as inherited emotional characteristics
of their personality, cannot be included in this category of affective effects. These reflect
their characteristic or inheritable forms of affective reactions more than their personal
deep mathematical aspirations linked to their core self-systems or the values attached to
mathematics.   

Affective responses classified above as affects represent a rather common type of
responding, caused by some external irritant. The general nature and arousals of this kind
of affective responses can be viewed to derive from or related to pupils´ early
constructions or beliefs and experiences of their self. Arousal of these highly instinctive
affective reactions do not involve much direct (conceptual) information and processes of
pupils´ self or of mathematics and its learning. Rather, we may connect the arousal of
these more, for example, with the determinants generally operating in social learning
situations as such, and/or with positive incitements or negative threats perceived by
pupils in mathematics learning situations. This kind of instinctive, highly intense, short-
term, and weakly controllable affective responses are described in mathematics
educational research simply as pupils´ affective reactions or affects, expressed, e.g., as
the arousals of their strong agitation, distress, fright, or anger.313 According to the
definition given above, affects as surface responses do not touch upon pupils´ whole
personality (see Saari, 1983, p. 27) and hence should not as such  cause any serious or
longer-term effects on pupils´ personal self-experiences with respect to mathematics or
on the quality of their mental content and processes with mathematics. Instead, frequently
repeated similar powerful affects have generally been linked to certain kinds of psycho-
pathological behaviour (Saari, 1983) and could be called, as Buxton (1981) does, panic
reactions toward mathematics, that, as connected to mathematics and mathematics
learning, may doom the development of pupils´ healthy learning behaviours and
processes with mathematics (see also e.g. Boekaerts, 1995; Borkowski et al., 1990;
McDonald, 1989).                        

Affective responses like slight irritation and slight excitement or tension represent daily
experienced moods that appear often as pupils learn mathematics or do mathematical
tasks. Affective self-states with moods vary from slight negative affective responses314 to
slight positive responses.315 The former kind of responses probably interfere with pupils´
learning or problem solving processes, while the latter may be found to help pupils´
cognitive processes (see Section 5.3.3). Like affects, on the basis of the definition
above, moods may or may not also be intertwined with pupils´ deeper self-experiences or
self-processings with mathematics and/or with their more intense responses toward
mathematics. However, mood in itself should not have highly deterministic or influential
consequences for pupils´ learning processes nor their constructions or understandings of
mathematics or of themselves in respect to mathematics. Rather, moods are generally
seen to appear before or after316 more personally significant, intense, and/or
comprehensive affective responses (see also Clark, 1982; Saari, 1983, p. 28; Simon,
1982), making the involved affective self-states highly susceptible to the apperance or
intensification of affective responses (e.g. emotions) which will directly touch upon
pupils´ self-system and learning processes with mathematics.                                       

The more extensive affective systems attached above to emotions, sentiments, and the
emotional personality all represent the kind of affective responses being more powerfully
or deeply intertwined with pupils´ personal affective self-experiences with mathematics,
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and have a significant role in the qualities and development of their personal learning
processes with mathematics. These more extensive but less primary affective responses
were above viewed to have high cognitive and personal involvement included. The most
important and common term of this kind of response is joined to the category of
emotions, to be dealt with in more detail in the next section. The two even more extensive
affective systems named above as sentiments or the emotional personality were
characterized as pupils´ highly stable forms of feeling that may change only slowly.
These affective personal systems and related responses can be viewed as, at least to some
extent, elicited in each mathematics learning situation, and as having important effects on
the customary affective self-states experienced by pupils with mathematics. Guiding the
qualities of pupils´ affective responses generally aroused in and influencing their personal
learning processes with mathematics, both beliefs about the self and about mathematics
are then deeply involved in these affective systems. 

Feeling good or bad, comfortable or uncomfortable with mathematics, with mathematical
tasks, or with mathematics learning situations can be considered as examples of pupils´
sentiments, generated through their more intense experienced emotions in mathematics
classrooms during their years of schooling. Moreover, responses such as like and dislike
of school mathematics, preferences for school mathematics or for particular mathematical
tasks or topics, or general antipathy to or loathing for mathematics can be seen to reflect
pupils´ highly comprehensive, organized, and stable ways of feeling negatively with
mathematics, which further can be placed on a level with the common notions of attitudes
toward mathematics (see Sections 2.3-2.4). Pupils´ habitual ways of responding toward
mathematics, toward mathematical objects,  toward mathematics learning, toward
mathematics teaching in general, or toward mathematics learning environment or
situations represent examples or appearances of their emotional personality in respect to
mathematics. We view these highly extensive affective systems (more than, e.g.,
mathematics attitudes) as intertwined with the tendencies or proneness of pupils to reflect
and apply their particular kind of personal “feeling capacity” or affective personal factors
when dealing with mathematics and mathematics learning situations. These represent
their personal experiential systems or processes evoked or at present whenever they
encounter mathematics or mathematics learning situations.  

5.2.2 The Role of Emotions in Mathematics Learning

The characterizations attached above to pupils´ emotions make the construct highly
applicable to the framework and aims of this study. Like the contemporary cognitive
theories of affect, we consider it as a significant link between pupils´ affect and cognition
in their personal mathematics learning processes. In particular, we view this essential role
of emotions as involved in the qualities and development of their significant self-
appraisals, self-judgments, and  self-regulatory actions in their individual self-systems
and self-system processes with mathematics. Even more specifically, we point to the
arousals and functioning of pupils´ self-related emotions or self-affects in mathematics
learning situations.          

General Characteristics of Emotions

One of the difficulties with emotions is that (as with affects) the concept has been
understood in many different ways in general psychological research and also in
educational studies,317 but we agree with the view given above. The affective responses
classified in the model as emotions were described as complex affective states or
processes, overall occurrences of personality elicited by individual interpretations in
situations. These represent diversified and unstable positive or negative responses linked
to some sort of affects and appearing with varying intensity as highly personal
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responses, the characteristics of which would considerably vary with pupils and
situations. Emotions are sufficiently powerful to redirect one´s attention, but at least to
some extent can be controlled and influenced by pupils (Saari, 1983; Simon, 1982). In
addition to a cognitive or evaluative component, emotions are can be seen to involve
other important aspects of human states, development, and functioning including various
physiological responses or the expressive and behavioural aspects of affect, subjective
feeling states, the social aspects associated with learning and expression of various
emotional reactions due to socio-cultural contexts, as well as the functional and self-
regulative aspects linked to these other aspects of emotions (c.f., Arnold, 1987; Atkinson
et al., 1996; Mandler, 1984; Pekrun, 1988; Saari, 1983; Sieber, 1977a; Spielberger,
1972a).318 More particularly, as all-inclusive or integrative subjective and highly
cognitively intertwined affective responses touching the true self (see Pekrun 1988;
Saari, 1983), complex and frequently appearing emotions can be importantly linked to
pupils´ self-appraisals and self-evaluative processes. Hence, significant emotions with
mathematics can be classified as deeply involved in their unique experiences of self in
mathematics learning situations, against various environmental, contextual, or ongoing
individual mental processes in these situations (c.f. also Epstein, 1986; Sarason, 1972;
Wine, 1971). The most important and influential of these are viewed here to be
represented by the so-called self-affects (see below; Sections 6.1-6.3; Harter, 1985). 

Recent psychological as well as mathematics educational research tends to consider
emotions as rather intense, more visceral (McLeod, 1988), affective reactions or strong
mental states with relatively short duration, usually involving excitement or high energy
that give rise to feelings and passions (Baum, 1987; Boekaerts, 1995; Hart, 1989b;
Mandler, 1989; McDonald, 1989; McLeod, 1989b). The significance of emotions for
recent cognitive approaches to affect derive especially from the increased general
agreement with the important role of appraisal processes in emotions.319 With these
cognitive evaluative processes understood to be included, considerations of emotions
represent a fruitful theoretical link between cognitive and affective domains of personality
that has been succesfully applied especially as connected to the information-processing
approach to human cognitive functioning within general cognitive psychology, especially
by Mandler, 1982; 1984 (e.g., Bearison & Zimiles, 1986a; Clark & Fiske, 1982; Snow
& Farr, 1987a; Tobias, 1977). The related views are also developed in recent research on
affective issues in mathematics learning or problem solving situations, especially by
McLeod (1988; 1989c; see also Hunsley, 1987; McLeod & Adams, 1989). These
perspectives will be further applied in the sections and chapters below.   

A very common division made between various kinds of emotions is linked to the
duration of these responses considered above. Hence, emotions are seen on one hand as
short-cut reactions, i.e. state emotions, that may vary in intensity, and on the other hand
as pupils´ predispositions to experience often certain, but usually less intense, emotions,
i.e. trait emotions, in their everyday learning processes with mathematics (c.f., Saari,
1983; Spielberger, 1972b). Repeated experiences of highly intense emotions (i.e. trait
emotions) may indicate a psyhopathological form of reacting (Saari, 1983). Previous
quantitative and correlative studies of pupils´ emotional reactions with mathematics can
be viewed to deal more with their trait and/or less intense emotions, expressed most
commonly by pupils as their responses to various attitudinal questionnaire statements.320

Recent mathematics educational research on affective issues deals more with the kind of
emotional reactions that are typically intense but short in duration (McLeod, 1988) in
which the involved affective processes are expressed and perceived in specific
mathematics learning contexts or situations, most obviously in unique mathematical
problem solving situations. In general, negative emotions are seen to debilitate
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individuals´ well-being and functioning, while positive emotions are seen to make
persons feel better about themselves and their lives, thus promoting further their efforts
and actions. However, experienced negative emotions do not necessarily have a
debilitating effect on mathematical performances and positive emotions do not necessarily
facilitate these (Lester et al., 1989; Mandler, 1989). The influence of emotions on pupils´
learning behaviours and processes depends on aspects such as the intensity of the related
affective experiences and on the ways that these responses or arousals are interpreted by
pupils. Even more, we will stress pupils´ ability or possibilities to modify or exercise
control over the stressors or their aroused affective responses characterized as emotions
(e.g., Bandura, 1993; McCombs & Marzano, 1990; McLeod, 1989b; Taylor et al., 1997;
Tobias, 1978). These aspects will be considered in Chapter 7. 

Again, we will link the most important or influential of the different emotions to those
responses having direct dynamical connections with pupils´ self-beliefs, self-evaluations
or self-appraisals, and self-regulatory aspects in respect to learning and doing
mathematics. The most common of this kind of significant and intense emotions are
represented by notions and perceptions of mathematics anxiety. This construct will be
considered in the next section.          

Examples of Mathematical Emotions

The most common of the highly intense and short-term negative emotional reactions
perceived or studied as connected to mathematics learning and mathematical problem
solving situations are represented by pupils´ experienced mathematics anxiety or by their
frustrations in trying to solve (especially nonroutine) mathematical problems (c.f.,
Mandler, 1989; McDonald, 1989; McLeod 1988; 1989b; Reyes, 1984; Tobias, 1978).
The deep seated fear or hate of mathematics or of mathematical tasks are examples of
highly intense negative emotions that can be classified as longer-term affective responses
or as trait emotions. On the other hand, a strong immediate fear, anger, or even horror or
panic (Buxton, 1981) may be expressed by pupils when they encounter a (specific or
uncommon) mathematical task, an object, or a situation, appearing most often as highly
intense but short-term, i.e. A-state, negative emotion, also classifiable among affects (see
also, e.g., Baum, 1987). Often, aroused sadness or slight anger or slight anxiety
experiences with mathematics reflect pupils´ longer-term, i.e. trait, negative affective
responses toward mathematics with moderate intensity, classifiable also as a kind of
intense moods with mathematics. Disliking certain types of mathematical tasks, feeling
uncomfortable in mathematics lessons or with mathematics tasks, with mathematics tests
or books, and experiences of repulsion against studying mathematics can all be classified
as examples of even less intense, trait or state, negative emotions toward mathematics
(c.f., McLeod, 1989b). These may further be considered as equal to pupils´ sentiments
in learning mathematics (see avobe). 

Perceptions of pupils´ positive emotions with rather high intensity and (extremely) short
duration during mathematical problem solving are usually referred as an “aha!”
experience, for example after finding a way to solve a problem (McLeod, 1988). Other
rather intense positive emotions (with probably slightly longer duration) are represented
by pupils´ affective responses such as surprise or joy, and by their states of satisfaction
experienced after doing a challenging mathematical task, in setting up conjectures, after
individual construction of new mathematical ideas, or after finding connections between
two important mathematical ideas. Another positive emotional response with mathematics
might be pupils´ relief after a succesful problem solving episode or after a mathematics
test, or their experiences of excitement during solving an interesting mathematical
problem.321 References to pupils´ less intense positive emotions with mathematics include
responses like pupils´ enjoyment of the challenge in mathematical tasks or of solving
mathematical problems in general, and their experienced pleasure from making
conjectures (McLeod, 1988). Affective self-states as pupils´ general satisfaction of doing
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well in mathematics tests or tasks, their liking for certain types of mathematical problems
or tasks, and their enjoyment of mathematics lessons can all be classified as even less
intense positive emotions with longer duration or increased consistence, coming once
again close to sentiments with mathematics and to the notions usually given for pupils´
overall positive attitude toward mathematics.322

Emotions and Pupils´ Self in Mathematics

Even if many of the above mentioned forms of pupils´ emotions of with mathematics are
in one way or another intertwined with their self-referent evaluations and beliefs, the
most significant (deleterious or promoting) effects of their affective responses with
mathematics can be attached to the kind of emotional responses having direct connections
to or engagement with their self-esteem or experiences of self-worth (see Section 4.4;
Harter, 1985; McCombs, 1989; McDonald, 1989). Accordingly, the basic qualitative
division between this kind of essential emotions or self-affects consists of pupils´
affective responses or states linked to their experienced increases (with positive
emotions) or  decreases (with negative emotions) in their experienced self-esteem, self-
worth, well-being, mental health, or secure state of mind (see also Chapter 6; Boekaerts,
1995; Harter, 1985; Mills, 1991; Weiner, 1986; Whisler, 1991). For example, increased
or high self-esteem or self-worth is seen to relate to responses like self-liking, self-
respect, feeling of being satisfied with oneself, or feelings of life-satisfaction
(Rosenberg, 1985); to feelings of integration, energy availability, freedom, and
expansiveness (Epstein, 1986); and/or to experienced pride, self-confidence, and
happiness (see Section 4.4.2; Borkowski et al., 1990; Harter, 1985; Weiner, 1986). In
contrast, decreased or low self-esteem or self-worth is connected most often with
unhappiness, shame, guilt, fatigue, anxiety, depression, and fear (Bandura, 1993;
Borkowski et al., 1990; Harter, 1985; Rosenberg, 1985; Weiner, 1986), but also with
even more complex affective experiences with the self such as disorganization,
constriction, or feelings of inhibition (Epstein, 1986; Oosterwegel & Oppenheimer,
1993). Most of these self-related emotions or self-affects are considered as learned but
highly automatic emotional reactions, the intensity of which may vary along with the
experienced assaults on one´s ego, with perceived importance for one´s ego, or e.g. with
one´s mental organization in that situation.323 These two opposite lines of self-related
emotions have been viewed to essentially characterize and differentiate between two even
more fine or profound and far-reaching self-experiences or self-states with self-regulation
and motivational patterns of behavior. This essential personal dynamics of affect and
cognition will be considered in Chapters 7 and 8 below. Detailed illustration for the
dynamics involved in pupils´ self-appraisals behind these highly influential affective
responses with respect to mathematics will, in turn, be presented in Chapter 6. 

5.2.3 Anxiety and Mathematics

The most extensively examined of all (negative) intense emotional responses or processes
in general educational psychology and among mathematics educational research in
particular are studied under the concept of anxiety.324 Anxiety is suggested to be
experienced especially in social contexts and in situations where the quality of one´s
personal resources and abilities are viewed to be challenged, as in school achievement
situations. This creates close linkages to pupils´ self-beliefs and self-appraisals of ability
with mathematics (see Section 4.1; c.f., Sarason, 1972; Sieber, 1977a). The widespread
and traditional attention directed towards pupils´ mathematics anxiety can be seen to be
due to the general high significance attached to anxiety among fundamental human
emotions, to the great amount of related research appearing in general or social

90

322 C.f., Haladyna et al. 1983; Kulm 1980; McLeod, 1988.
323 Epstein, 1986; Harter, 1985; Mandler, 1989; McDonald, 1989; Pekrun, 1988; Sarason, 1972.
324 E.g., Atkinson et al., 1996; Hart, 1989b; McLeod, 1992.



psychology, and to some advanced theoretical notions and developments with anxiety
construct,325 but also due to the consistent (but mainly statistical and correlative) results
obtained with time within mathematics educational research domain (Hembree, 1990;
McLeod, 1992). These indicate a constant negative connection between pupils´
experienced anxiety toward mathematics and their mathematics achievements or
performances (Aiken, 1970; 1976; Hembree, 1990; Reyes, 1984). Even today there can
be found related studies with mathematics anxiety, dealing with the general effects or
correlates of mathematics anxiety on the motivational and achievement aspects of learning
mathematics.326

The Nature of Anxiety Arousals

The negative emotions with anxiety responses have been found327 and still today seems to
appear as a complex and somewhat unclear experiential phenomenon. But most
commonly it is regarded as an unpleasant emotional state or reaction, or as a state of
diffuse arousal that involves perceived personal dread and fear directed toward future,
but which lacks any objective (perceptible) stimulus or connection to the treat (Beck &
Rush, 1986; Epstein, 1972; Hembree, 1990; Izard, 1972; Reyes, 1984; Spielberger,
1972a). Anxiety is defined as one´s experienced feelings of tension, uncertainty,
helplessness, fright, nervousness, apprehension, and worry, and/or as consisting of
emotions like fear, guilt, shame, distress, and anger. These various aspects connect
anxiety to a kind of affective system, process, or to a specific pattern of emotions 328

involving cognitive, emotional, physiological, as well as behavioural human aspects (c.f.
also Izard, 1972; Sieber, 1977a). Today, there is general agreement that anxiety
experiences are aroused in stressful situations where individuals perceive some kind of
threat to their ego or toward the essence of their personality or self-esteem.329 These
individual perceptions or expectancies together with the arousal of autonomic
physiological responses and related interpretations or appraisals and reappraisals will
produce the experienced affective state described as more or less intense anxiety.330

Hence, as with recent cognitive views to emotions, a kind of cognitive mediating effect is
today essentially attached to the arousal of anxiety responses. Moreover, individual self-
interpretations and increased attention directed toward the self in anxiety arousal can be
seen to emphasize the close relation between pupils´ low self-concept, weakly
experienced self-esteem, or situational negative self-understandings and their experiences
of anxiety responses (see also e.g. Epstein, 1986). This view is reflected, e.g., in the
general notions of anxiety as connected to one´s feelings of uncertainty and
helplessness.331

One of the most often referred to (cognitive) approach to anxiety is presented by
Spielberger (1972b), who makes the basic difference between state and trait anxiety.
State anxiety (i.e. A-state) is characterized as situation-specific (and occasional) short-
term affective state or emotional reaction, consisting of feelings of tension and fear
combined with the increased functioning of the autonomic nervous system. Instead, trait
anxiety (i.e. A-trait) represents a more stable, consistent, and frequent, i.e. habitual, way
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of responding with state anxiety in different situations.332 State anxiety further constitutes
the core of the complex affective processes with anxiety arousals (Spielberger, 1972b)
that can in some context become trait anxiety through repetition. It is also described by
Buxton (1981) with an extremely negative reaction (a panic response) developed toward
mathematics. Pupils´ high in trait anxiety would be more prone to experience stress and
tend to experience more frequent state anxiety with higher intensity than pupils with low
trait anxiety (Spielberger, 1972a; 1972b).  

One much studied area of anxiety research in education and to be applied especially
within mathematics educational research is represented by the notions of test anxiety or
evaluative anxiety (Reyes, 1984). Usually considered against333 individuals´ cognitive
performances or as linked to their avoidance motivation in different tasks,334 test anxiety
is most often characterized as a form of anxiety with extremely high intensity aroused
especially by evaluative situations, i.e., as a specific emotion related to the threat of
achievement failures. Test anxiety is experienced more often by persons who frequently
experience or easily become paralyzed by personal threat (Pekrun, 1988; Reyes, 1984;
Sarason, 1972; 1980). Experiences of test anxiety appear to be intertwined particularly
with pupils´ low self-esteem and their tendency to become self-oriented, accompanied
with their negative self-perceptions and expectancies in strongly personalizing situations
or challenges by easily paying attention to the hints directed toward their ego (Sarason,
1972; Wine, 1971). This is displayed in their self-directed and task-irrelevant affective
responses and behaviours like heightened heartbeat, fear of failure, fear of loss of status
or self-esteem, fear of negative evaluation, or a strong desire to escape the situation,
instead of task-relevant efforts (Hembree, 1988; 1990; McDonald, 1989; Sarason, 1972;
1980). Both the state and the trait features of anxiety have been attached to test anxiety. 

The recent line in research on test anxiety seems to emphasize the difference between its
cognitive aspects, i.e. the worry component, and the affective component, or
emotionality. The first component reflects one´s self-evaluations335 and the latter the
behaviours or arousal of the autonomic nervous system manifested in feelings of
nervousness, tension, and unpleasant physiological reactions to testing situations
(Hembree, 1988; 1990; Reyes 1984; Wigfield & Meece, 1988). The cognitive view336

then stresses the worry and self-directed attention behind the arousal of pupils´ test
anxiety. The processings intertwined with their personal failure expectancies and
appraisals against their situational perceptions,337 together with the affective arousals will
then produce the unique negative emotional state which is further viewed to result in
reduced attention and cognitive resources available for pupils´ test-related actions, in their
off-task behaviours, and in debilitating effects on their motivation. All these cause further
failures in mathematical performances.338 Consideration of test anxiety arousal and this
kind of inference model of test anxiety (Hembree, 1988) can be seen to represent a
fruitful and important single learning situation where pupils´ self-understanding and self-
engagement become easily linked to their beliefs and task-related mental processes, to
their unique affective experiences with mathematics, and, further, to their personal
learning behaviours and performances with mathematics. The model may also serve as a
useful tool or framework for the recently applied information-processing approaches to
affective issues.339
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Special Aspects with Mathematics Learning Situations

The affective responses with anxiety and mathematics are defined generally simply as
mathematics anxiety. The conceptual ambiguity and lack of theoretical basis for this
construct is due to the variety of different measures and conceptions used in the domain,
varying along with the mathematics educational context in question (e.g., evaluative vs.
nonevaluative mathematics learning context), and ranging from low intense and rather
stable negative affective responses measured as attitudes toward mathematics340 to highly
intense emotional reactions341 aroused in specific mathematics learning situations (Hart,
1989b; McLeod, 1992; Wigfield & Meece, 1988). But, consistent with the general
psychological views of anxiety, mathematics anxiety is today dealt with more as an
intense situational or habitual, i.e. state or trait, emotional reaction toward mathematics or
toward different aspects or contexts with mathematics learning (see, e.g., Wigfield &
Meece, 1988). 

Mathematics anxiety can thus be defined as affective reactions aroused in situations that
are perceived as involving the use of mathematics in different forms (Hart 1989b), or as
feelings of tension, helplessness and mental disorganization when required to work with
numbers or to solve mathematical problems, in school or in everyday life (Richardson &
Suinn 1972, p. 551; Tobias, 1978), or as aroused in any situation where one is
associated with mathematics, at home or within classrooms (Hembree, 1990; Reyes,
1984). In characterizing the nature of mathematics anxiety, both the references to general
anxiety and test anxiety has been used (McLeod, 1992). Researchers tend to stress the
displayed close connection between mathematics anxiety and trait test anxiety or A-state
anxiety (Hembree, 1990; Hunsley, 1987; Reyes, 1984; Sarason, 1987). Even if some of
the related studies deal with the facilitative aspects of anxiety on learning or
performing,342 researchers seem to agree with the debilitative nature of mathematics
anxiety in learning, both for pupils´ mathematics achievements and their participation in
mathematics (Hembree, 1990; Reyes, 1984; c.f., Sherman & Fennema, 1977; Suinn et
al., 1972). Similarly as with test anxiety,343 mathematics anxiety also appears to be
positively related to general anxiety and to have negative effects not only on pupils´
mathematical performances or achievements, but also on their grades in mathematics,
their plans to take advanced mathematical courses, or their choices of mathematics related
majors (Hembree, 1990; Meece et al., 1990; Pedro et al., 1981). Furthermore,
mathematics anxiety levels tend to differentiate between pupils´ gender (with females´
demostrating higher anxiety or stronger reactions than males), their ability levels (low
ability pupils being more anxious), different age groups (higher anxiety in higher grades
or ages), and various ethnicity groups (Hembree, 1990; Meece et al., 1990; Pedro et al.,
1981; Reyes, 1984; Wigfield & Meece, 1988).                

All the above presented self-constructs or self-beliefs, intertwined with pupils´ appraisals
of their personal abilities, competences, and possibilities in respect to mathematics,
appear as negatively related to their mathematics anxiety responses. This concerns their
measured mathematics self-concept,344 their self-confidence in mathematics,345 their self-
efficacy appraisals or expectancies,346 as well as their self-related causal thinking and
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341 I.e., fear of mathematics.
342 C.f., Hembree, 1988; Reyes, 1984.
343 Hembree, 1988; Sarason, 1972.
344 Brassell et al., 1980; Tocci & Engelhard, 1991.
345 Fennema & Sherman, 1976; Hembree, 1990.
346 Meece et al., 1990.



expectancies in mathematics learning.347 That is, also on the ground of research results,
mathematics anxiety can be seen to represent a central affective experience and self-states
that mediate between pupils´ self-perceptions in respect to mathematics and the quality or
development of their personal mathematics learning processes or self-system processes
with mathematics.348 The involved cognitive mediating model of mathematics anxiety with
pupils´ self-interpretations and self-evaluations as essential sources of their anxiety
arousals, can again be used both in accomplishing the theoretical perspective on anxiety
arousals and in the effective interventions aimed at pupils´ anxiety reduction and the
promotion of their behaviours and performances in learning of mathematics (c.f.,
Bandura, 1993; Hunsley, 1987; Meece et al., 1990; Pedro et al., 1981). This significant
cognitive mediating perspective and stressing of self-appraisals with affect or e.g. anxiety
constitute also the central theoretical arguments included in this study. These perspectives
will be considered and developed in the next chapters 6-8.    

5.3 Interdependences Between Affect and Cognition

In this section we will take a closer look at the significant interplay between pupils´
cognition or beliefs and their influential affective responses in mathematics learning
situations. In accordance with the adopted cognitive view of affect and stressing of self-
affects, these interactions and processes are here understood to be manifested or fulfilled
as pupils´ mental content, states, and acts intertwined with their unique (situational)
interpretations and evaluations at different levels of their consciousness or self-
awareness. These mental acts and content with pupils´ affective responses touch
especially upon their self-beliefs and ongoing self-interpretations or self-appraisals, and
self-judgments taking place in mathematics learning situations. Instead of cognition, we
will use the notion of mental processes in order to indicate a broader sense of human
knowledge and mental activity than that attached generally to studies on cognition or
knowledge systems. The often acknowledged complexity of mental processes with
affective responses is here viewed to relate to the high variation in the involved cognitive
processes or in the levels of abstraction of the related cognitive constructions (c.f.,
Lazarus, 1991; Leventhal, 1982; Zajonc et al., 1982; Wozniak, 1986). Considerable
internal mental processings with affective responses take place at unconscious or
preconscious levels of pupils´ mental dynamics, referred to also as automatic or
unexperienced (unreflected) mental processes,349 in contrast to active, deliberate, or
conscious cognitive processes. This is further associated with the low level of
behavioural control with these processes compared to those involved, e.g., in
reasoning.350

Moreover, we will distinguish between pupils´ cognition and their operating mind or
between their mental structure and mental acts.351 In addition to structural mental aspects
or belief systems, we will emphasize pupils´ operating mind and the qualities of their
unique self-states in a mathematics learning situation in the interplay between their
affective and cognitive aspects of personal learning processes. These aspects in fact point
to the statement that affective experiences are essentially involved in and connected with
pupils´ ongoing mental (cognitive) activity and constructions, as well as with their other
behavioural mechanism or the dynamics activity in mathematics learning.352 Through the
considerations of this section we will have a closer look at the central, but multifaceted
nature and appearance of affective responses in mental structures and processes that
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349 C.f., Lazarus, 1991; Mandler, 1989; McLeod, 1988; Simon, 1982; Wozniak, 1986.
350 See Section 7.4; Scheier & Carver, 1982.
351 C.f., Lazarus, 1991; Wozniak, 1986.
352 C.f., Bereiter, 1989; Goldin, 1992; Lazarus, 1991; Mandler, 1989; Scheier & Carver, 1982; Snow &
Farr, 1987b; Wozniak, 1986.



expose the role of affect in learning processes as significant, constantly appearing, and as
essentially dynamic in nature.353 We view affect as constantly operating and reflected in
mathematics learning occurrences as particular aspects of pupils´ (individual) mental acts
and contents, hence affecting in important ways the direction of their mind and
mathematics learning actions. 

We will start with related descriptions used to illustrate the (cognitive) representation of
affective information and the connections between affective responses and cognitive
structural aspects, and apply these to pupils´ belief systems in particular. These structural
mental aspects in affective responses then deal with cognitive storage models of affective
information,354 but are also seen to produce direct implications for the experience
(appearance), expression, and development of affective responses. Our further
descriptions will pay more attention to the functional, constantly ongoing, or situational
aspects in the interplay between pupils´ affect and cognition. These approaches are
gathered mainly around the recent general notions of cognitive appraisals as a basis for
affective arousals and experiences, but will also display the process-based character of
affective-cognitive links as constantly operating and interacting within individuals and
learning situations. The interplay of affect and cognition is then viewed here to appear
more as inseparably involved in co-constructive and unique human activity processes of
various kinds, that furthermore are essentially associated with pupils´ highly personal
and unique situational interpretations, evaluations, and experience with mathematics,355 in
particular within pupils´ self-belief systems and self-states or self-system processes. A
review of the central implicit theoretical arguments behind our look at affective-cognitive
linkages and the viewpoints of this study will be given in the last section, 5.4. A detailed
description of pupils´ affective arousals and responses against their self-beliefs and
evoked situational self-appraisals or self-judgments follows in Chapter 6.                      

5.3.1 Affective Tones as Parts of Pupils´ Mental Representations and 
Systems

In a traditionally understood form, the title of this chapter refers to the consideration of
the ways and possibilities that pupils´ affect may be linked with their cognitive
constructions.356 Recently the mostly emphasized look at these presented cognitive
combinations or systems is consistent with general cognitive psychological theoretical
abstractions of hierarchical knowledge or memory structures and the information-
processing view of cognition.357 That is, the basis of the presented considerations and
descriptions for the linkages or interactions between affect and cognition are determined
largely by the concepts, metaphors, methodologies, and models generally at use and
accepted within cognitive psychological theories of human behavior (c.f., Mandler,
1989; Sigel, 1986; Zimiles, 1986). With this approach, affective human characteristics
become placed on the same level with cognition to be accommodated afterwards358 to
cognitive structures as additional (i.e., later connected) parts of pupils´ already existing
knowledge structures or as stored within the generic knowledge structure. This leads
further into a categorization form of system with affective responses or representations as
attached, e.g., to behaviour specifying information (Anderson, 1981; Fiske, 1982;
Piaget, 1981; Scheier & Carver, 1982). With these approaches both the storage and the
activation (processing) of affective information are paralleled with the other types of
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353 As it acts on pupils´ individual mathematical beliefs, interpretations, and experiences against
environmental mathematics learning contexts.
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355 C.f. also Scheier & Carver, 1982; Wozniak, 1986.
356 Thus underlying the view of the two separate (distinct) categories of personality, i.e. the cognitive and
the affective domains. 
357 Originally derived from the computer metaphor; see McLeod, 1990; Zimiles, 1986.
358 I.e., as a secondary feature.



pupils´ knowing.  

Understanding affective responses as parts or forms of a cognitive representational
system359 implies the assumption of the priority and necessity of cognition (cognitive
processes) over human affective responses and experiences. This may be contrasted,
e.g., with the so-called somatic theories of emotion or differential emotions theory
emphasizing the appearance of affect without the inclusion or mediation of and linkages
to cognitive structures.360 One central aspect in this (cognitive) view of affective
representations can be viewed to relate also to the question of what in affective responses
is represented or stored in human memory structures. Is it the affective experience as
such,361 is it the processes producing the responses,362 is it the codes or processes for the
involved physiological changes,363 or is it some other aspect or component of affective
responses? For example, some researchers suggest that affective information may be
related more closely to the storage and functioning of sensomotoric or motoric
knowledge364 without the participation of symbolic or conceptual knowledge structures
and processes (Izard, 1982; Leventhal, 1982; Zajonc, 1980; Zajonc et al., 1982). Other
studies on affective representations refer to episodic memory or imaginary structures in
place of the storage model of conceptual knowledge, or to procedural knowledge instead
of propositional knowledge (Clark, 1982; Silver, 1987), or, like Piaget (1981), to the
function of knowledge structures rather than to the structures per se.365

Another important group of presumptions underlying the cognitive approach to affect
concerns the term representation itself. In accordance with recent cognitive-
constructivistic views of learning, the term representation refers to pupils´ personally
constructed and multifaceted mental contents or constructions rather than to any kind of
physical representations or to photo-like objective pictures or internalizations of
environments and situations located within their physical representation brains (e.g.,
Cobb et al., 1992; Silver, 1985; Zajonc et al., 1982). Here, we consider representations
as pupils´ constructed principal or instinct insights of their personal perceptions and
experiences, or as their more complex constructed models or images from their socio-
cultural mathematics learning environment and occurrences,366 which are stored at various
levels or modules of pupils´ operating mind (c.f., Bereiter, 1990; Goldin, 1992; Scheier
& Carver, 1982; Temple, 1990), and in all the ways and through the systems that human
information may become encoded in memory or experiental structures,367 to later appear
as pupils´ simple, immediate, or implicit reflections or as hierarchically organized
constructions requiring more complex processings from their past. 

Representations of Affective Information

In general, recently there seems to be a rather consistent agreement of a gradual fastening
or incorporation of, at least some of affective human characteristics into cognitive
structures, forms of knowing, or other meaning systems.368 Also, the close link supposed
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359 I.e., as affective representations.
360 See Izard, 1982; 1986; Lazarus, 1991; Leventhal, 1982; Zajonc, 1980; Zajonc et al., 1982.
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362 E.g., the link from cognition to affective responses.
363 E.g., the physiological arousals of affective responses; c.f., Clark, 1982.
364 As the storage of various motor skills.
365 C.f. also Fiske, 1982; Wozniak, 1986.
366 I.e., as their accumulated prior experiences or abstracted individual history with mathematics (c.f. also
Fiske, 1982).

367 Conceptual or semantic units, mental images or pictures, codes for affective experiences, etc.; see,
e.g. Scheier & Carver, 1982; Silver, 1987.
368 Izard, 1982; Leventhal, 1982; Mandler, 1982; Piaget, 1981; Sigel, 1986.



by cognitive psychologists between cognitive structures and affective responses like
emotions (see also Section 5.2.2) implies that cognition should have direct implications
for the emotional development (Wozniak, 1986, p. 55) and that cognitive development is
needed even for experiencing emotions like pride and shame or other-directed responses
involved in causal ascriptions (Harter, 1985; Weiner, 1982; 1986). According to
contemporary cognitive psychological models, pupils in their mental activity encode
aspects of their experience more or less continuously, and these internal records are
organized in some fashion over time and experience into implicit organizations as
schematic structures (c.f., Scheier & Carver, 1982). The involved schematization,
intellectualization, or structuralization of feelings is seen to proceed parallel to pupils´
cognitive structures and stages along with their age and maturation (Mandler, 1984; Stein
& Levine, 1987; Piaget, 1981), implying also the common notions of affective or
emotional development.369

With the categories of affective responses considered above (see Section 5.1), the basic
line in this affective development is viewed go from simple, concise, and primary
affective responses such as basic drives toward more extensive, less primary, and more
conscious responses such as emotions. The later developed affective responses appear as
more closely connected to pupils´ complex, symbolic, or abstract cognitive
representational systems.370 In a general developmental view, we can consider pupils´
simple or indefinite affective responses in this way gradually to be nested and integrated
by their developing cognitive systems into their personal and closely affectively
intertwined meaning systems, like normative feelings related with personal values.371

These responses also involve their recognition of the objects behind their affective
experiences.372 This structuralization of feelings also concerns the changes in the qualities
or dimensions of pupils´ personal affective responses with mathematics, as considered
above (see Section 5.1). Accordingly, we interpret the integration of their responses with
their more complex or abstract mathematics-related cognitive systems as associated with a
decrease in the intensity of their responses and an increase in the duration, and/or
stability, and the extensiveness or magnitude of their affective responses with
mathematics.373 Hence, highly intense and/or short-term affective responses like affect are
gradually developed (through repetition) into and expressed as their milder affective
responses with longer duration and in connection with their more complex conscious or
abstract cognitive systems with mathematics, as, e.g., attitudes with mathematics (c.f.,
Marshall, 1989). 

In addition to the generally accepted age-based developmental line in the schematization
of feelings, we consider the attachment of the structural mental aspects with pupils´
affective responses also to essentially include an individual and experiential
developmental line. By this we indicate the constinuously ongoing accumulation of
individual experiences374 that proceeds through pupils´ daily experiences and actions in
mathematics learning situations, and which depends on the development of pupils´
mathematics-related personal mental structures or self-systems375 with mathematics
learning environment and particularly with their self in respect to mathematics.376 In
contrast to the assumptions of general human cognitive development, this individual and
experiential line in the structuralization of feelings can be regarded to be primarily based
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369 Bearison & Zimiles, 1986b; Izard, 1986; Piaget, 1981; Sigel, 1986.
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371 E.g., into attitudes, preferences, or likings.
372 See also Chapter 2; Lazarus, 1991; Leventhal, 1982; Mandler, 1982; Piaget, 1981; Sigel, 1986;
Stein & Levine, 1987.
373 C.f., Hewstone & Macrae, 1990; McLeod, 1989b.
374 C.f., Fiske, 1982.
375 E.g., knowledge, beliefs, values or other meaning systems.
376 See Chapter 6; c.f., Linville, 1982; Wozniak, 1986.



on pupils´ individual development, significant mental structures, and unique mathematics
learning experiences within their socio-culturally determined mathematics learning
environments and situations,377 and further linked to other personality characteristics,
e.g., pupils´ ability, temperament, motivation, style, or gender.378

The contemporary structural (mental) models of affective information or representations
consistent with the recent general information-processing view of human cognition are
designed to deal with the storage and action of complex knowledge, especially the kind
of social knowledge accompanied with interpersonal affect studied within social cognitive
psychology (Bearison & Zimiles, 1986; Linville, 1982). These include such concepts as
schema, scripts and frames, mental maps or models, memory nodes, and personal
constructs. The most central aspects in these models for mental organization relate to the
general idea of chunking of information with hierarchical representational structures
through processes of generalization and discrimination that are associated with increases
in human memory capacity, as well as the variation in access to the stored knowledge
(see, e.g., Bearison, 1986; Fennema & Loef, 1992; Fiske, 1982; Linville, 1982;
Schoenfeld, 1992; Silver, 1987). These abstractions of mental rerpesentations represent
very similar phenomena and aspects that are attached to the formation or structures of
pupils´ (socio-culturally) intertwined personal beliefs and belief systems above (see
Chapter 4). Even if the concepts are developed from slightly divergent theoretical
approaches or to serve slightly dissimilar purposes,379 through the abstractions introduced
below we will have a short look at the representational systems with or behind pupils´
affective responses, i.e., at the way their affective concerns or tones are fastened in their
mental representations. Related developments with belief systems will be presented in a
separate part of this section.     

Models of Mental Affective Systems

Both the most often applied schema constructs and closely connected scripts and frames
are developed and applied380 to understand cognitive structures involved in social
interactions and organization of information from the social environment, and hence to
shorten the cap between cognition and affect.381 These prototypical abstractions of
frequently encountered or stereotypical phenomena, action sequences, situations, or
sequences of events have been used to denote mental constructions or means for building
up and interpreting perceptions in consistence with the held views of the world and for
recalling previously processed information (Abelson, 1979; Bearison, 1986; Collins &
Smith, 1990; Hewstone & Macrae, 1990; Parkin, 1990; Schoenfeld, 1992; Silver,
1987). They shape, guide, and supply the cognitive processes382 that come to reconstruct
the events, controlling in this way the personal interactions and evaluations with
environments and serving as means for constructing reactions needed in different
situations, e.g. in mathematical problem solving situations.383 As with beliefs, also these
are viewed to involve information from the past that is often unrecognized to build up
particular and possibly restrictive expectancies in future learning situations, and to be
linked up with related mental sets into interrelated and hierarchical mental structures
(Cohen, 1990; Collins & Smith, 1990; Fiske, 1982; McDonald, 1989; Parkin, 1990;
Silver, 1987). We shortly examine the aspects involved in these mental abstractions.          
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377 See also Section 3.4.1; c.f., Linville, 1982; McKeachie, 1987; Wozniak, 1986.
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381 Abelson, 1976; Bearison, 1986; Bearison & Zimiles, 1986b; Fiske, 1982; Leventhal, 1982; Parkin,
1990; Piaget, 1981; Sigel, 1986.
382 I.e., recognition, inference, prediction (c.f., Fiske, 1982). 
383 Abelson, 1979; Cohen, 1990; Fiske, 1982; Leventhal, 1982; Mandler, 1982; Marshall, 1989; Parkin,
1990; Scheier & Carver, 1982; Sigel, 1986; Silver, 1987; Wozniak, 1986.



With schema structures, the storage (as well as the appearance) of particular affective
responses are essentially connected to the involved categorization system of experiences,
but more so linked to the initial act of categorization than to the specific category features
or component attributes of a schema (Fiske, 1982; Mandler, 1982). All emotional
behaviour or evaluation with affectively toned information is thence seen to be brought
directly into play384 by the activation of the pre-existing and often category based
schemata385 that fit to the structures of an event. Within this model, pupils´ feelings and
thoughts can be conceptualized as moving in the space of the schema.386 Closely
connected scripts and frames have been developed especially among social cognitive
psychologists and applied succesfully to such affectively intertwined social constructs as
attitudes, stereotypes, or self-concept (Abelson, 1979; Hewstone & Macrae, 1990).
More interesting developments we attach to scripts. Abelson (1976, p. 34) describes the
ideas of affective-cognitive linkages with attitudes in structures of scripts.387 Scripts refer
to a type of cognitive schema388 representing knowledge for stereotypical action
sequences and transactional interactions or causal connectives.389 The encoding of
information is based on basic units of scripts called vignettes that are suggested to
involve both conceptual information and images of the event with experienced affect
included (Abelson, 1976). Scripts represent linked chains of vignettes on the basis of
which pupils are expected (as with schema structures) to supply the missing elemenst in
their perceptions, infer the needed aspects in learning events, and organize their affective
responses and actions within the social learning environment (see Abelson, 1976;
Bearison, 1986; Cohen, 1990). As with schemata, the affective encodings with scripts
may appear as linked to single parts of scripts (vignettes) or to whole scripts (chains of
vignettes) at various levels of abstraction (Abelson, 1976). As with beliefs, scripts
become with age more complex, differentiated, and form hierarchically organized scenes
and subscripts.390 As with schema structures, scripts are also viewed to be organized
around a central goal (i.e., intention) consisting of a sequence of expected actions with
the typically involved actors, roles, objects, and locations included (Bearison, 1986;
Bruner, 1986; Cohen, 1990; Collins & Smith, 1990).

In addition to the socio-cognitive approaches to affective-cognitive linkages or affective-
cognitive mental structures, such terms as cognitive or mental maps and mental models
can be mentioned as structural mental models for expectancies for perceptions or events
and plans for actions that should involve more or less affective information (c.f., Byrne,
1990; Collins & Smith, 1990; Morris, 1990). The nature and effects of affective loadings
in these structures have, however, not been clarified or emphasized. Another abstraction
for encoding affective information also closely connected to our understanding of beliefs
and belief systems (see Sections 4.1-4.2) is represented by personal constructs originally
formulated by Kelly in his personal constructs theory.391 Each person should have his
own psychologically directed forms of representations and event constructions that
further are under continual development (Adams-Webber, 1987). Personal constructs are
composed of bipolar dimensions with single dichotomous distinctions (e.g. happy/sad)
and shaped through individual experiences into an unified and hierarchical system, i.e. an
individual theory to be applied as expectations for future similar situations and to interpret
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and anticipate new events (Adams-Webber, 1987; Jones, 1990). A neurological
(network) basis for the storage of affectively laden information392 or for the evoking
mechanism perceived in affective responses is, in turn, represented by memory nodes
and networks of nodes (Marshall, 1989). Nodes have been suggested to consist of single
items or clusters/chunks of related items of information in long-term memory in which
representations of affect differ from ordinary cognitive nodes (Collins & Smith, 1990;
Marshall, 1989; Schoenfeld, 1992; Silver, 1987; Simon, 1982). 

All the concepts and abstractions for the representation of affective information described
above illustrate different kinds of mental compartments or patterns that involve abstracted
and codified personal experiences with different socio-cultural contexts (e.g.,
Schoenfeld, 1992; Sigel, 1986). Situationally explicit features and events are constructed
into personally implicit and rather stable meaning systems used further to evaluate,
encounter, and act on future similar situations, most often habitually.393 In addition to the
personal experiental flavour, the models can also be seen to emphasize context-
dependence of mental representations as well as intended occasion meanings instead of
some timeless and universal meanings (e.g., Bearison, 1986; Bruner, 1986). All the
models offer hints as to how affective information may be associated with pupils´ mental
constructions, and in what ways it influences within their personal learning processes.394

Moreover, schematic models especially are viewed to explain better than other
approaches the appearance of positive affective responses (Fiske, 1982). More generally,
these structural developments with affective representations indicate the view of affective
tones of this study not only as highly central components in pupils´ mental structures, but
also as experiences that become in unique ways personally and mentally constructed in
mathematics learning situations and contexts (c.f., Cowan, 1981; Mandler, 1984; 1989;
Piaget, 1981; Sigel, 1986).395 More than with memory architecture, with beliefs we will
emphasize pupils´ personally constructed and multifaceted insights, images, models, and
structures for their personal perceptions and experiences within socio-cultural
mathematics learning environments, and denoted rather by terms such as personal
constructs, views, understandings, regards, theories, and/or philosophy with
mathematics and with themselves. Accordingly, mental representations stand for the
content in processing of beliefs.396

Affective Information with Belief Systems

Qualitative Distinctions of the Linkages
Beliefs and belief systems have been chosen here as the mental constructs, abstractions,
or concepts to illustrate the structural and non-transient human mental (cognitive) aspects
with pupils´ affective responses, and in particular the affective-cognitive linkages in their
personal mathematics learning processes. These characteristically give the direction and
structures for pupils´ personal daily processes and responses with mathematics, as well
as for the further development of these. With this choice we stress the significance of
pupils´ individual regards, appreciations, intentions, expectancies, experiences, and
forms of mental processings, from which we should have direct access to their evaluative
mental processes and judgments, and to their affective responses and experiences with
mathematics. Belief systems can thus be seen as genuine psychological systems
characterizing pupils´ thinking, affective responses, and behaviors with mathematics.
Furthermore, more generally, there seems to be agreement on the affective involvement in

100

392 E.g., in attitudes.
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beliefs.397 Here, however, we will illustrate the connections between or co-existence and
dynamics of pupils´ beliefs or belief systems and their affective responses with
mathematics rather than their beliefs as affective mental constructs per se. We see these
linkages with personal beliefs and belief systems to relate to the adoption of beliefs,398 to
the content and qualities of reflected beliefs or belief systems, as well as to the
possibilities and forms of change of personal beliefs. 

As was the case with the different dimensions or qualities of beliefs and belief systems
above, the nature and strength of affective linkages with beliefs can also be seen to vary
for beliefs and belief systems of different qualities, as well as between pupils with similar
kinds of beliefs.399 We attach this variation to personal features, the historical and
contextual background for the establishment of beliefs, the content or objects of beliefs,
and/or the structural features of the held belief systems. We will first illustrate the
variation in the affective-cognitive linkages through the categories and qualities of beliefs
considered against the preliminary model of affective domain (see Section 3.3) and in
Section 4.1, i.e., in relation to the content or objects of pupils´ beliefs, the psychological
centrality, primacy, or depth of their beliefs, and against the concision of their beliefs or
belief systems.400 Most of these comparisons are again contrasted with higher degrees of
consciousness with their beliefs. A basic division was made above between pupils´ self-
beliefs and their other kind of beliefs about mathematics and its learning. We view this
division of the contents or objects of beliefs to be connected to the most important
variation between the affective-cognitive linkages with pupils´ beliefs and belief systems,
with self-beliefs representing the most important link to their highly intense and
influential affective responses to mathematics (see also Chaper 6, Sections 4.4, 5.1-5.2).
Hence, for example, within the category of simple beliefs given above, we consider
pupils´ early (and deep) beliefs about themselves as mathematics learners relate to
stronger affective engagements than their perceptual beliefs about the ways of presenting
mathematical objects in classroom. Additionally, their simple inferences of themselves
based on their single perceptions of their own mathematical performances relate to
stronger affect than their simple inferences of the ways of learning mathematics derived
from their classroom perceptions. A difference can be attached also to the affect with
pupils´ argued beliefs as their conceptions about effective mathematics learning or about
the common factors needed in succeeding in mathematical performances (with slighter
affect) and with their argued attributions for their own mathematical failures (with
stronger affect). Similar discriminations can be applied even to larger belief constructions
like pupils´ mathematical opinions or mathematical world view. But the differences in
affective linkages may, however, not be as large as with simpler and concise beliefs (see
Sections 4.1-4.2).  

The other qualities of beliefs, i.e. centrality, stability, and concision, together with
involved weak consciousness, can be interpreted to have similar effects on the affective-
cognitive linkages. As spontaneously accepted and/or unconsciously held beliefs,
stronger affect should be apparent or allowed with the construction, reflections, and
manifestations of pupils´ concise beliefs with low extensiveness401 than with their more
extensive and conscious beliefs based on their derived judgments and called above
opinions or world view (see Sections 4.1-4.2). On the other hand, psychologically
central beliefs with strong personal commitment refers directly to highly intense affective
linkages, whereas, milder affective tones would generally be linked  to pupils´ derived
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and less central beliefs or belief systems.402 We attach the same qualitative features also to
pupils´ highly stable beliefs and belief clusters, as was contrasted above with the
involvement of higher degrees of consciousness, true logical structure, and flexibility of
related belief systems. Now, increased affective engagement can be joined to decreased
flexibility and increased number of pupils´ separate (detached) belief clusters, or to
decreased proneness of these to changes and structuralizations, and, in consequence, also
to decreased consciousness and objective logical relations in their belief systems. This
qualitative divergence in affective-cognitive linkages applies in particular to pupils´ belief
clusters with a psychologically central core included. Finally, the strongest affect can be
attached to pupils´ primary, stable, unflexible, weakly conscious, and highly central
beliefs or belief systems about themselves with respect to mathematics. The most
impressive and affectively intertwined new experiences that touch upon the whole belief
systems are needed for changes in these kinds of beliefs or belief systems with related
affect.403

Affective Structures
By the structuralization of feelings with belief systems we refer here to the increase in
consciousness, in the level of organization or complexity, and in the conceptual (or
symbolic) knowledge in pupils´ belief systems with or behind their affective responses
with mathematics.404 These structuralizations also contrast with pupils´ undifferentiated
(earlier established), less organized, and less consciously held mental constructs without
clear symbolic mental systems involved.405 We consider the affective linkages with
pupils´ more developed and more conscious beliefs and belief systems406 as quite
different from those of their undifferentiated and unconscious beliefs classified above as
earlier, simple, and often deep beliefs, the latter being reflected by pupils most typically
as their experienced affective states without their recognition of clear objects or causes
(and beliefs constructions) for these affective responses. Again, the central example of
this kind of affective-cognitive linkages can be discerned in pupils´ self-esteem related
affective responses or self-affect with mathematics (see Section 4.4 and Chapter 6; e.g.,
Harter, 1985). 

The general ideas of chunking in the affective storage models or abstractions given
above407 are appropriate also for illustrating the illogical and horizontal or vertical
structures of pupils´ belief systems with mathematics (see Saari, 1983; Pehkonen, 1995),
manifesting e.g. in pupils´ mathematical belief clusters. But, more traditionally, beliefs as
mental structures and encodings for affective information relate to notions of values or
value systems. This applies especially when we deal with pupils´ more developed or
stabilized affective responses connected to specific objects and beliefs, as with pupils´
mathematics attitudes, preferences, or likings. Also, mathematics learning and problem
solving as such seem to appear as plentiful sources of reference values,408 hence giving
rise to pupils´ multiple evaluations and judgments with affective engagement.409 Values
and hierarchical value systems, and even more specifically goals and goal structures
within educational research domain, have been offered as organizers of these evaluative
(cognitive) functions behind affective experiences and responses (see e.g. Bandura,
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402 Even though an involvement of a simple and deep belief (i.e., simple beliefs and simple interferences)
within pupils´ highly extensive and conscious belief systems as their convictions or ideologies may
create room as well for strong affect to be intertwined with these.
403 C.f. also Green, 1971; Malmivuori, 1994; Marshall, 1989; McDonald, 1989; Schoenfeld, 1992.

404 See also Section 5.1; e.g. Linville (1982).
405 C.f., Damon, 1986.
406 E.g., conceptions, opinions, and world view.
407 Connected to increases in human memory capacity and to the variation in access to stored knowledge
(e.g., Fennema & Loef, 1992). 
408 E.g., related to mathematics difficulty or importance, or the value of completing a task.
409 C.f., Harter, 1985; Mandler, 1989; Scheier & Carver, 1982; see Chapter 6.



1986; Izard, 1982; Mandler, 1989; Scheier & Carver, 1982). Izard (1982) states, “There
is no valuation without affect” (p. 233). As with beliefs, these are also viewed to
essentially influence pupils´ learning actions and self-regulative behaviours as well as
their further construction of own mental structures (e.g., Bandura, 1986; 1993; Mandler,
1982; 1989; Saari, 1983; Scheier & Carver, 1982), constituting hence an essential basis
for their self- and other-appraisals and self-judgments in mathematics learning situations.
These appraisals appear especially in relation to their own mathematics achievements,
performances, successes, and failures.410

In the developments with attitudes and the model of cognitive meaning systems
developed by Fischbein & Ajzen (1975) and Ajzen (1988), the affective linkages with
beliefs are based on the evaluative strength,411 called by the researchers the subjective
probability attached by persons to the attributes of a perceived object in beliefs. The
higher the probability or evaluative strength between the object and an attribute, the
stronger a belief and the more intense the aroused affective responses with that belief.
Ideas of affective representations connected to the kind of mental constructs as beliefs can
be clarified also by the developments with memory nodes presented by Marshall (1989).
Node refers only to one form of representations412 linked in complex ways with each
other by meaningful positive or negative impulses attached between separate nodes at
varying intensity. A positive link refers to a positive connection between nodes, while
negative link refers to a bipolar repellent connection between nodes. In Marshall´s (1989)
description, affective nodes are considered as particular kinds of memory nodes linked
either simultaneously or afterwards to other memory nodes (more cognitive nodes)
related to the interpreted situation.413 Accordingly, an affective link, joined to a specific
and identifiable memory node or to whole sets of nodes, will be encoded only when the
initial affective response is especially strong or the affective experience is repeated
(Marshall, 1989, p. 53). We may consider the encoded node to involve information of
any perceived aspect of an affective experience or a mathematics learning situation, e.g.
of the features of a given task,414 of subject matter,415 of the procedures (i.e. procedural
knowledge or nodes) used in a situation, or of the environmental conditions in a
mathematics learning situation (e.g. time limit, high noise, a tested vs. an untested
situation; see also Chapter 6). Marshall states that every new similar kind of an affective
experience will further strengthen or weaken the constructed affective-cognitive linkages
between memory nodes. Hence for example, repeated failures together with feelings of
frustration encountered in solving a certain type of a mathematical problem would then
strengthen pupils´ corresponding affective nodes and the links between these nodes and
the other nodes with perceived features of the solving situation.416

We may apply these structural characteristics with affective memory nodes and links to
logical descriptions of the formation of pupils´ belief clusters or of the ways that pupils´
affectively tinged mental constructions can be affected or changed, but also in illustrating
the mental processes through which some of their beliefs become personally central
(primary) beliefs and hence provided by highly intense positive or negative affect. These
aspects are also closely connected with the flexibility of belief systems considered above
(see Section 4.1). In the first place, the affective node model strengthens the structural
(cognitive) view that efforts to influence pupils´ particular affective responses with
mathematics should go through their structured mental and personal links, called here
belief systems. For example, affective responses linked to specific and identifiable belief
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410 See Section 4.4.1; c.f. also Fiske, 1982; Linville, 1982; Mandler, 1982; 1989; Wozniak, 1986.
411 That is closely connected with the  above considered centrality and stability of beliefs. 
412 I.e., single items, or clusters/chunks of related items of information in long term memory (see, e.g.,
Schoenfeld, 1992; Silver, 1987).
413 I.e., to the perceived aspects of the situation connected with the initial affective arousal. 
414 E.g., words, expressions, length.
415 E.g., symbols, unfamiliar expressions.
416 E.g., the characteristics of the task.



constructions would be more easily changed through their dissimilar but related new
experiences with mathematics, than affect intertwined with whole sets or clusters of their
beliefs (see the next section; c.f. Malmivuori, 1994;  Marshall, 1989). Finally, even if the
above given descriptions of affective nodes and chunking of information in important
ways may explain the development of affectively tinged mental constructions as well as
the functional aspects of pupils´ affect, affective storage models may not be equated with
general intellectual or conceptual and decontextualized information units or structures.417

There might be much more (or less) stored with pupils´ affective representations
connected to beliefs than separate sets of bipolar affective dimensions418 or attributions
and categorized responses for affect (c.f. also Linville, 1982) to become activated or
aroused in pupils´ consciousness separately and always in similar forms in various
mathematics learning situations or contexts.     

Pupils´ central and/or deep beliefs and belief systems, like self-belief systems,419 become
frequently and often unconsciously evoked and reflected.420 Thus, only the affective
response or arousal with these kinds of beliefs may be experienced, and not the content
of a belief as such. In consequence, beliefs and belief systems represent the central but
indefinite and often unconscious mental organizers of pupils´ affective responses as well
as of the functioning and development of these in respect to mathematics. Moreover, we
view the positive or negative affective-cognitive linkages with varying stability and
intensity to vary along with the mental structures (i.e., beliefs) and characteristics unique
for each pupil´s affective experiences and personal history with mathematics. We see that
the question of affective representations could be enlighted from a more holistic,
functional, or idiographic viewpoint421 in which pupils´ self-reflections and self-
evaluations would be included as essential personal constructions or aspects.422

Furthermore, we doubt that there is a purely affectless “objective” cognitive construct or
component in their mental activity or forms of representations that then interacts with or
is afterwards connected to their purely affective or emotional concerns (see also Bruner,
1986; Piaget, 1981; Sigel, 1986). Rather, we stress pupils´ experiences as always total
phenomena including feelings, thoughts, and acts.423 The degree of togetherness and/or
separateness of their cognition and affect (both in their mental structures and ongoing
affective experiences and activity) could then be associated with the involvement of their
self and self-beliefs. As Sigel (1986) states, “The self moderates through central
executive processes, whether affect and/or cognition is dominant and indentifiable in
activity.” (p. 225).424

5.3.2 Mental Processes Behind Pupils´ Affective Responses

The most traditional and general debate over affective-cognitive interplay concern the
question of cognition behind (or before) affective arousals and responses. Above we
dealt with the structural characteristics of affective information against the general
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417 I.e., classifiable more as logico-mathematical knowledge; see, e.g., Abelson, 1976; Berscheid, 1982;
Bruner, 1986; Green, 1971; Scheier & Carver, 1982; Underhill, 1988; Wozniak, 1986.
418 I.e., clearly bad or good.
419 See Chapter 6 and Section 4.4; Harter, 1985; Linville, 1982; McCombs, 1989; Oosterwegel &
Oppenheimer, 1993.
420 I.e., as nonverbal and automatic schematic codes (Leventhal, 1982), against situational unique
environmental aspects (i.e., episodic information), and based on simultaneous mental processings at 
various levels of pupils´ consciousness and from various aspects of sensory buffers (Silver, 1987).
421 That differs from the computer metaphor generally applied. 
422 C.f. also Lazarus, 1991; McLeod, 1990; Wozniak, 1986; Zimiles, 1986.
423 See Section 5.4; c.f., Scheier & Carver, 1982; Sigel, 1986; Zimiles, 1986.
424 See Chapters 7 and 8; see also Linville, 1982; McCombs, 1989; McCombs & Marzano, 1990;
Markus & Wurf, 1987.



abstractions given for cognition or knowledge organization. When we come closer to the
functional or dynamical aspects of pupils´ affect-cognition linkages in their personal
mathematics learning processes, we will clash with the general notions of affective
arousals and appraisal processes and, in consequence, with pupils´ mental processes
behind their affective responses with mathematics. In addition to being essentially
involved in pupils´ automatic motor or sensomotoric activity (e.g. Clark, 1982;
Leventhal, 1982; Zajonc et al., 1982), their affective responses and experiences are seen
here to be even more due to the characteristics and qualities of their mental (cognitive)
functioning. Hence, with highly significant affective responses and experiences touching
upon pupils´ whole personality or self and self-processes with mathematics, we will
accept presuppositions of the general primacy and necessity of cognitive processes over
their affective responses.425 We will consider some of the main general illustrations used
in cognitive psychological approaches to explain the mental activity behind the kind of
affective responses experienced and perceived in mathematics learning situations by
pupils.426

A basic difference in the considerations below is made between pupils´ directly memory-
evoked and often category-based affective responses, generally regarded as milder
affective reactions such as attitudes, preferences, or likings, and the arousals of their
stronger affective reactions, most commonly referred to as emotions.427 In both cases,
affective tones or experiences are dealt with as essentially involved in or related to pupils´
ongoing cognitive processes, and are generally viewed to take place in their short-term
memory.428 However, they also appear at pupils´ other activity or phenomenal levels
and/or at multiple levels of their consciousness. Affective experiences thereby constitute,
together with the involved mental constructions or activity, two different aspects of
pupils´ every sensorimotor or symbolic act (Cowan, 1981). In our structural interactional
considerations below, the basis of the evoking or arousals of pupils´ affective responses
is in the automatic activation of their related memory structures and constructs with affect
in their consciousness,429 whereas our more dynamical approach to pupils´ mental
interruptions and affective appraisals pays more attention to affective responses as based
on their unique (i.e. situational and personal constructive) mental processings that further
are viewed here to appear at various levels of their consciousness (c.f., Lazarus, 1991;
Mandler, 1989; Simon, 1982; Wozniak, 1986). The importance of the variation of mental
processings levels (i.e. degree of consciousness) and of pupils´ self-states in specific
mathematics learning situations and contexts for their affective experiences with
mathematics will be developed onwards in the last sections of this chapter and in the
chapters that follow.    

Mental Structural Consequences

In the case of structural representational consequences, cognitive processes behind
affective responses refer directly to the contents and structural characteristics of pupils´
mental (stored) constructs with affect, referred to in this study as mathematical beliefs
and belief systems. The most often applied schematic kind of approaches claim that
affective responses appear as results of the activation of one´s schematic structures,
knowledge representations, or memory nodes in consciousness involving or
interconnected to the stored related affective information, i.e., retrieval from long-term
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425 C.f., Lazarus, 1991; Mandler, 1984; 1989.
426 Views of this kind of mental interactions can, again, be traced back to abstractions of the
characteristics and structures of human memory and information-processing of knowledge (see Mandler,
1989; McLeod, 1990).
427 See Sections 5.1 and 5.2; Anderson, 1981; Fiske, 1982; Mandler, 1982, 1989; Marshall, 1989;
McLeod, 1989b; Simon, 1982; Weiner, 1986; Wozniak, 1986.
428 Called also working memory or consciousness; see, e.g., McLeod, 1990; Schoenfeld, 1992; Silver,
1987.
429 See, e.g., Anderson, 1981; Fiske, 1982; Scheier & Carver, 1982.



memory representations (Eysenck, 1990; Mandler, 1989; McLeod, 1990; Schoenfeld,
1992; Silver, 1987). If we view pupils´ mathematical belief systems as a particular kind
of mental constructs essentially included in their schema structures (c.f. McLeod, 1990;
Linville, 1982), we may connect these general assumptions directly with the functioning
of pupils´ belief systems and, more generally, to the dynamics of their affect and
cognition. The existence and quality of these interconnections between affective tones
and cognitive constructions or beliefs430 would then mostly determine the appearance,
direction, as well as the intensity of pupils´ experienced affective responses with
mathematics. Within mathematical problem solving episodes and contexts, this kind of
information-processing approach with schematic structures, together with the notions of
beliefs, affective responses, and behaviours, have been considered by Marshall (1989),
McLeod (1988; 1989c), Silver (1987), and Schoenfeld (1992). 

The primary cognitive constructive processes involve pupils´ (activated) personal
perceptual schemas for their perceptions431 in a mathematics learning environment that are
associated with their other personally held mental contents and structures like
mathematical beliefs, and the activation of which then come to determine and direct their
further constructions with mathematics.432 As result, the act of an affective experience in
this schematic theoretical context represents a combination of mathematics learning events
and pupils´ related personal schema or belief structures. In this, the functional
relationships between pupils´ affective responses and their cognitions or beliefs derive
from a direct equation of personal processes and mental structures (see also Izard, 1982).
As Fiske (1982) states, “Human information processors process affect in the way they
process anything else, - efficiently if not accurately” (c.f. also Scheier & Carver, 1982).
The interdependence of pupils´ mental processes and affective responses are hence due to
the structural links between their cognitive and affective constructions with mathematics
and the activation of their particular interconnected schematic structures or codings of
affective information (c.f., Leventhal, 1982). Pupils´ evaluations and affective reactions
would thus be triggered by fitting the structures of mathematics learning events to their
pre-existing schema, i.e., as retrieved from their memory structures by access to the
schema (or belief constructions) and then processed on line in that particular situation.433

Pupils´ affective responses with mathematics would hence be determined by this
schematic match automatically without difficulty and at lower levels of their abstraction,
control, and consciousness, and to be considered as their category-based affective
reactions with mathematics.434 The central idea of chunking of information also offers
possible illustrations for pupils´ affective arousals. As the affective encoding may appear
as linked to whole sets of beliefs, schemata, scripts, or memory nodes at various levels
of abstraction, pupils´ processing (or retrieval) of affective responses would not acquire
access to the initial single or categorical parts of their structured mental constructs,435 but
only to the schema, belief cluster, or structured whole in question (c.f., Abelson, 1976;
Fiske, 1982; Marshall, 1989). However, in order for pupils´ affective responses to
occur, the stimulus is viewed to need their perceptions at the same level of abstraction at
which their affective encoding originally occurred (Scheier & Carver, 1982). 

The above illustrations of beliefs and belief systems behind pupils´ affective arousals or
responses can be brought more closely into line with these schematic approaches by
looking at the descriptions for the characteristics, functioning, and development of
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430 I.e., within schemata or scripts structures.
431 Through the sensory buffer.
432 In their consciousness or preconsciousness.
433 E.g., through an important link from their imagery to affective responses with mathematics (c.f.,
Fiske, 1982; Leventhal, 1982, p. 131).
434 And, appearing more as connected to their sensory and perceptual processing systems than abstract
cognition or reasoning (c.f., Fiske, 1982; Leventhal, 1982; Scheier & Carver, 1982; Stein & Levine,
1987). 
435 E.g., vignettes or single attributes of a belief.



affective-cognitive links with memory nodes. As with schema structures, the activation
of one memory node is by Marshall (1989) viewed to cause activation of all the
surrounding nodes positively linked to this node.436 Simultaneuously, some other nodes,
linked negatively to this node, will be inhibited (c.f. also Silver, 1987). Evoking of
affective nodes, i.e. an experience of an affective response, depends, then, on the
activation of the interconnected cognitive nodes or beliefs as well as on the strength of the
links between (Marshall, 1989; see also McDonald, 1989). Accordingly, when an
affective node is multilinked to several nodes or belief constructions (or clusters of
these), the affective experience would take place whenever any of the related nodes or
beliefs is activated. Instead, in the case of one link the affective response is aroused only
if the related particular cognitive node or belief is activated. Moreover, an arousal as well
as intensity of pupils´ affective responses should depend on the strength of the related
affective nodes or tones and of the links of these to their cognitive nodes or beliefs in a
specific mathematics learning situation (see the previous section; Marshall, 1989). That
is, the more powerful an affective node or tone and the stronger the involved affective
linkages in pupils´ memory structures, the faster and/or more intense their affective
responses with mathematics. The way affect is linked to pupils´ belief constructions
should hence determine whether, how, and to what extent their affective responses with
mathematics will be aroused. 

These aspects are consistent with the developmental view and structural considerations of
pupils´ belief systems above, according to which simple structures and processings with
fewer linkages between mental constructs of beliefs behind pupils´ affective responses
should relate to the appearance of their more intense affective reactions. Instead, more
complex constructions or belief systems result in their milder affective responses with
mathematics (see Sections 5.1 and 5.3.1 above; c.f. Hewstone & Macrae, 1990; Linville,
1982). But additionally, affective experiences or arousals without a recognition of clear
personal explanations or objects437 tend to be experienced more as negative affective
responses (Bandura, 1986; Izard, 1982). The degree of mental structuralization of
affect438 is then associated not only with the possibilities of pupils´ mathematical affective
responses for changes and further development, but also importantly with the intensity
and direction of their expressed affective responses with mathematics. These inferences
apply in particular to pupils´ affective self-related experiences in mathematics learning
situations. In consequence, higher complexity of their self-belief systems are intertwined
with less intense affective responses, and simplicity or lower complexity with their
highly intense and most often negative affective responses with mathematics.439

Strengthening of the structural mental linkages between affective tones and cognition or
beliefs can be used to account also for the often mentioned automatization characteristic
for the arousal of affective responses (c.f., Hewstone & Macrae, 1990; Mandler, 1989;
McLeod, 1988; Zajonc, 1980). In some studies social transactions and cognitions are
viewed to be based on direct and automatic mental or associative links to personal goals
and plan structures, occurring without individuals´ awareness (Lazarus, 1991). Marshall
(1989) calls these well-structured or highly schematized440 and hence automatized
affective responses mathematics attitudes. From the developmental viewpoint, frequently
experienced strong affective responses with mathematics should become jointed with
pupils´ interconnected belief constructions and structures, appearing later as their
automatic milder affective responses toward mathematics without clear recognition of the
arousers or related beliefs. This kind of view of automatic activation and experiences of
(particular) affective responses can be viewed to be included also in the ideas of the
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436 I.e., within a cluster of nodes.

437 I.e., without connections to specific and more conscious constructions or beliefs. 
438 Or the complexity of affective-cognitive structures.
439 See Section 4.4 on self-beliefs above; c.f., Borkowski et al., 1990; Harter, 1985; Linville, 1982;
McCombs, 1989; Oosterwegel & Oppenheimer, 1993.
440 Second-order constructions (see Section 5.3.1).



affective contextual learning module suggested by Bereiter (1990) in his intentional
learning model, and also in the description of affective systems presented by Goldin
(1992; see Section 3.4.2).441 Here we consider the term “automatic” as one important
feature characterizing the development of pupils´ personal learning processes and/or self-
system processes with mathematics, but even more the variation of the levels of their
consciousness or self-awareness in these processes.            

The above examined, schematized and often categorized, feelings or affective responses
are not viewed to be experienced without the activation of the interconnected cognitive
contents and structures or belief systems. In general, these cognitive views of affect are
often seen to contrast with (or instead complement) the differential (or sensomotoric)
emotion theorists´ notions of the continuous or wide-spread nature of affective responses
that lack necessity for mental processings, at least for some affective responses (Izard,
1982; Lazarus, 1991; Leventhal, 1982; Zajonc, 1980; Zajonc et al., 1982). However, all
these varying contemporary approaches to human affect emphasize the affective
involvement in all human functioning.442 Moreover, the divergent theoretical approaches
to affective arousals and responses point to the possibility of and need for a more
complete study of the different forms of underlying mental processes and acts behind
affective responses in general, rather than, e.g., an exclusion of mental contents or acts
from affective experiences per se. This would also imply broadened conceptions of
human cognition (c.f., Lazarus, 1991; Wozniak, 1986; Zimiles, 1986). The perspective
that we contribute by our notions of belief systems and dynamical descriptions stresses
the functioning and effects of pupils´ affect in their mathematics learning processes and
their self-states in individual affective experiences with mathematics. Simultaneously,
two-way, or inseparable interplay (or functional aspects) of affective responses and
beliefs or other mental contents will be considered in Section 5.3.3-5.4 below in brief.          

Cognitive Appraisals in Affective Responses

Schematic structural approaches to affective arousals and responses have been considered
as somewhat incomplete illustrations for the initial act of affective experiences or of
acquirement of the related mental representations in the first place. Scheier & Carver
(1982) note, “Affective qualities arising from expectancy assessment appear to fit only a
restricted set of feelings” (p. 180; see also Bandura, 1993). Also, strong affective
responses, especially with unexpected events, or affective expressions like affects or
basic drives (see Section 5.1 above) perceived among infants are suggested to be poorly
explained by the kind of mental activity based on schematic structures models (e.g.
Cohen, 1990; Izard, 1982).443 Recent forms of cognitive appraisal theories of emotion are
supposed to produce a considerable contribution to these structural cognitive
developments with affect. These aspects would be suited also to the rather common
agreement among psychologists on the arousal occurrence with affective responses,
especially in unexpected or rapidly changing situations (Bandura, 1986; Mandler, 1984;
1989; see also opposite views, e.g. Weiner, 1982). These are most commonly
considered as physiological changes or changes in bodily arousal444 accompanying
automatically affective responses and seen to constitute the unique feeling state included
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441 Even more, the automaticity and rapidity of affective responses is emphasized among the theorists
who do not support the cognitively mediated model of affective experiences, e.g. by the differential
emotion theorists; see Izard, 1982; Zajonc, 1980. 
442 C.f., Fiske, 1982; Izard, 1986.

443 Again, intertwined with the usages and direct applications of the metaphors, methods, and concepts
developed within cognitive research domains for affective phenomena that yet are seen to possess 
qualities different from those generally attached to human cognition or to manifest itself at other levels of
considerations than with those emphasizing purely cognitive and/or elementaristic concepts and 
approaches (see e.g. Zajonc, 1980; Zimiles, 1986; Wozniak, 1986). 
444 I.e., as the stimulation of the autonomic nervous system and endocrine system or the
neurophysiological or sensory component of emotions (Izard, 1982; 1986).



in each affective experience (Arnold, 1987; Mandler, 1984; Sigel, 1986; Simon, 1982;
Wozniak, 1986). Even if stored affective information may be processed without strong
physiological arousals,445 both the experience of a genuine affective response446 and the
expression of affective responses are viewed to require clear activation of these
autonomic arousals (c.f., Bearison, 1986; Mandler, 1989; Simon, 1982). In addition to
being solely involved in affective responses, physiological arousals are also suggested to
initiate affective reactions or to sustain and intensify existent affective states, and also to
produce an important general linkage between ongoing feeling states and memories of
previously experienced affective responses or arousals (Clark, 1982; Leventhal, 1982).447

Cognitive emotion theorists tend to view activation of autonomic arousals  as caused by
mental appraisals or at least as antecedents of these arousals (Arnold, 1987).448 Stimulus
interpretation must occur swiftly and prior to an autonomic arousal (Lazarus, 1991;
Leventhal, 1982). A basic difference in these cognitive appraisals is made between
intuitive, instant, earlier developed, and simpler appraisals or an automatic activation of
appraisal patterns449 occuring most often at preconscious or unconscious levels of
awareness and deliberate or self-controlled and more abstract, complex, time-consuming,
and later formed meaning systems or cognitive analyses. Automatic and simpler
appraisals imply the appearance of simple categorical cognitive distinctions (i.e. good or
bad), whereas the latter more complex appraisals are attached to finer distinctions
connected further to pupils´ personal values and goals (Abelson, 1976; Lazarus, 1991;
see also the previous section). Both of these kinds of cognitive appraisals are seen to
operate in parallel fashion; automatic appraisals, however, are considered as more
prominent than the deliberate appraisal processes (Lazarus, 1991). In addition, notions of
primary appraisals, secondary appraisals, and reappraisals given by Lazarus indicate that
the cognitive appraisals behind affective responses represent nonstop comparison or
evaluative processes (Boekaerts, 1995) rather than unambiguous and single processings,
so that pupils´ personal evaluations and appraisals behind their affective responses to
mathematics may concern not only their situational perceptions and particular beliefs with
mathematics, but also their personal or socio-cultural beliefs and value with their already
aroused affective states.450

General notions of affective arousals with cognitive appraisals have been adapted further
to the general information-processing model for affect. A central theme in these
approaches is represented by the concept of interruption of intended actions or a violation
of pre-expectations.451 These are seen as intertwined with affective responses of

109

445 As, e.g., with moods like sadness or happiness or with cognitive evaluations of the ongoing affective
state.
446 I.e., the energetic power of an affective experience. 

447 Physiological stimuli may then as such cause interruptions of attention and/or modify the levels of
activation of particular areas in memory structures (see Section 5.3.3; Simon, 1982; Wine, 1981). 
448 In contrast to the somatic or dynamic theorists´ view of autonomic arousals as a consequence rather
than prerequisite of an emotion (Izard, 1982; 1986; c.f., Weiner, 1982, p. 204). Also, a clear causal link
has not been established between autonomic arousals and affective responses; affective responses (e.g. test
anxiety) are found to interfere with cognitive processes without a link to physiological arousal (Izard,
1982; Sarason, 1987). 
449 I.e., schematic codes accompanied e.g. by perceptual processes or immediate recognition (Leventhal,
1982), becoming thence very close to the somatic theorists´ views of affective arousals (see Izard, 1982).
450 In contrast to primary appraisals, these secondary appraisals are then intertwined with things such as
pupils´ evaluation of the suitability/unsuitability or consequences of aroused affective responses in a
mathematics learning situation and of the harm or benefit of these experienced responses to their self,
suggested e.g. by DeBellis & Goldin to give rise to the so called pupils´ mathematical “metaemotions”
or “emotions about emotions” (see Section 7.4 below; Arnold, 1987; DeBellis & Goldin, 1997; Lazarus,
1991; Wozniak, 1986).  
451 With activated scripts or schemata structures (Bearison, 1986; Mandler, 1982; 1984; Simon, 1982).



frustration of intentions mediating or giving rise especially to negative affective arousals
(Bearison, 1986). One of the most promising theoretical models for describing this kind
of affective-cognitive interaction with interruptions or cognition behind affect is presented
by the cognitive theorist George Mandler (1975; 1982; 1984), who combines the
information-processing framework linked to schema structures and assumptions of
limited human processing capacity with the aspects of affective arousals by referring to
the contextual or socio-cultural features, especially to values and beliefs, operating in
individuals´ perceptions and evaluations behind their affective responses (Mandler, 1989;
see also Clark, 1982).452 Mandler´s arousal-plus-cognition model of emotion activation is
considered as particularly suitable for understanding the cognitive-affective interplay in
learning, and even more specifically in mathematics learning and problem solving
situations (McLeod, 1989a; 1990; McDonald, 1989). Mandler (1989) has presented also
his own application of this discrepancy theory of emotion to mathematics problem
solving situations.    

Mandler´s model of mental interruptions. Mandler´s theory of cognitive interruptions as
sources of affective reactions is designed particularly for the arousals of pupils´ more
intense affective responses, called by Mandler “emotions” (1984; 1989). Central points
of view in Mandler´s look at mental interruptions (Mandler, 1982; 1984, 1989) consist of
one´s plans or planned behaviours based on the activation of schemata with a pre-existing
action sequence, and of one´s tendency to complete his or her actions. Interruptions are
then called discrepancies between plans and perceptions of a situation that then will
represent mental blockages in pupils´ conscious and preconsious processings. In
mathematical experiences, these interruptions most typically result from pupils´
encountered unexpected mathematics learning or performance event and from rapid
changes in their ongoing processings or personal processes in which, their affective
responses or emotions become most typically aroused by the new or unexpected situation
or task itself, i.e., as involved in the interaction between a pupil and a mathematics
learning or task event (see Section 6.4; Mandler, 1989). In a cognitive interruption
situation, pupils´ planned behaviour (thoughts or actions) can not be completed as such,
and this discrepancy results in a psychological arousal.453

Simultaneously with this visceral arousal, pupils come to evaluate the meaning of this
interruption as well as of the physiological arousal for themselves. This, together with
the arousal of the autonomic nervous system, i.e. “the concatenation in consciousness of
some cognitive evaluative schema with perception of visceral arousal” (Mandler, 1989,
p. 5), is then suggested to result in their experiences of emotions like surprise,
frustration, or joy, and further in their immediate subsequent behaviours454 constructed on
the basis of these experience (c.f. also Bandura, 1986; McLeod, 1988; Weiner, 1992;
Wozniak, 1986). Accordingly, cognitive evaluation and physiological arousal are viewed
as necessary for pupils to undergo an emotional experience (c.f., Stein & Levine, 1987).
Emotional responses are regarded by Mandler (1989) as conscious constructions, and as
holistic unitary experiences possibly derived from several separate schematic
representations. As such, these are seen to pre-empt pupils´ limited conscious processing
capacity,455 influencing in this way the efficiency of their ongoing learning or performance
processes with mathematics (see Section 5.3.3). This cognitive-emotion process
suggested by Mandler is illustrated within a mathematical problem solving situation in
Figure 5.1 below. 
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452 His approach continues the constructivistic view of emotions suggested by Piaget (1981), but is
classified as representing the previously given developments of affective-cognitive structures, rather than
a look at emotional feelings as such (i.e. the affective experience) or at the quality of one´s consciousness
(c.f., Izard, 1982; 1986; Mandler, 1989; Piaget, 1981). 
453 Perceived, for example, in pupils´ muscle tension or increased heartbeat. 
454 E.g., defensive or adaptive behaviours, see Section 7.4.
455 I.e., working memory.





5.3.3 Mental Processings Within Affective Arousals and States  

If we concentrate on the actual act of an affective response as experienced in pupils´
consciousness, we may consider the fluctuation or co-existence of the various features of
their mental states and consciousness, i.e., the variable aspects, contents, and levels or
qualities of the mental processings within their constantly operating mind. Pupils´
operating mind could then be reflected on one hand against a cross-section of their
particular perceptual contents and features associated with the socio-cultural environment
and learning context with mathematics, and with the mathematical task in that situation,
and, on the other hand, of pupils´ ongoing mental (related and unrelated) personal
processings at different levels of their consciousness or self-awareness. The arousal and
variation of pupils´ highly influential affective responses and states against various
contextual and socio-cultural features of mathematics learning situations, or, the
interaction between mathematics learning environment and pupils´ mental processes
behind their affect will be considered in Chapter 6. This interplay is interpreted here to
proceed especially through the emerge and qualities of their self-interpretations and self-
appraisal processes with mathematics. In this section we look shortly at the general
effects of pupils´ affective responses and states on the qualities of their mental
mathematics learning processes. These deal with the other general causal relation from
affect to cognition. The nature of pupils´,459 often even parallel, mental processings and
reflections, together with their epiphenomenal or existential mental states all constitute or
cause their states of mind with mathematics. All the involved mental processings flow
within their consciousness at different levels of self-awareness, i.e., as “unarticulated
awareness of feeling” at their lower level of awareness and, at the highest level of
awareness, the feeling dominates their consciousness and makes them able to symbolize
it, ponder it, or e.g. try to suppress or control and regulate it (see Section 7.4; Izard,
1982). 

By these notions we stress the idea of the constantly ongoing and multifold nature of
pupils´ mental states, essentially linked to our description of the dynamics of pupils´
affect and cognition in mathematics learning situations. We will hence deal with pupils´
affective experiences with mathematics as aspects of their personal continuous mental
flow or motion picture (c.f., Lazarus, 1991). This idea is included already in the notion
presented by James (1890/1963) of the stream-like character of experience, thoughts, and
action: “the stream of consciousness” (see Section 5.4; e.g., Burns, 1979; Oosterwegel
& Oppenheimer, 1993; Wozniak, 1986). It enhances the picture of multifaceted and two-
way or bidirectional functional relationship between pupils´ mental processes and their
affective responses in mathematics learning situations460 as it pays attention to the
affective effects or conditions established by pupils´ aroused affective responses and
experiences with mathematics for their mental contents and processes in mathematics
learning or performance situations.              

Notions of the negative and hindering but volatile effects of affective responses on
logical, stable, and purposeful conscious cognitive processes represent the traditional
form of approach to the linkages from affective responses to mental processes pursued
within cognitive research framework (Isen et al., 1982; Isen et al., 1987; Simon, 1982;
Zimiles, 1986). In mathematics educational studies, this view is discerned, for example,
in the rather general concentration on things such as the deleterious impacts of affective
responses like stress or mathematics anxiety on pupils´ mathematics achievements or
performances (see also Section 5.2). This kind of approach says very little about the
more accurate effects of pupils´ constantly ongoing or varying affective self-states.461
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459 Conscious, preconscious, and unconscious.
460 C.f., Lazarus, 1991; Snow & Farr, 1987b.
461 E.g., on the contents of their mind or on the evoking and qualities of their less conscious mental
processes, especially on their self-evaluative preconscious appraisals in contrast to their task directed
cognitive processes (c.f., Lazarus, 1991; Snow & Farr, 1987b).



Behind the traditional approach lies further an implicit assumption of the dichotomy
between normal and affectless cognitive functioning, and abnormal and undesirable
emotionally interfered cognitive processes (Sigel, 1986; Zimiles, 1986). Today, affective
responses are no longer viewed by many of cognitive theorists to merely interfere from
time to time with one´s cognitive functioning, but rather to appear as parallel to cognition,
to co-exist with cognition, or to represent a context for cognition with multiple
implications for the operation, as well as a course of ongoing cognitive processes, giving
hence also rise to pupils´ thoughts or self-appraisals with additional affective
responses.462 As Messick (1987) notes, “The impact of positive and negative affect
represents one of the prime sources of personality influence on cognition” (p. 36; see
also Section 2.3). 

Affective Effects on Cognitive Processes

Various research results show quite unambiquously that the effects of affective responses
both with acute affective experiences and with more enduring emotional states can be
joined as well to the increased or decreased general efficacy of cognitive or problem
solving processes or occurrence of cognitive interruptions, and also to other forms of
even more fundamental consequences. Messick (1987, p. 48), for example, views affect
to serve four main functions in cognition: to trigger and maintain cognitive processing; to
interrupt processing temporarily; to distrupt or interfere with processing; and to signal the
need to protect or defend processing. Ongoing affective states also seem to have
considerable effects on imaginative processes (Bower & Cohen, 1982), and on various
metalevel or self-regulative processes as perceptual choices or judgments, decision-
making processes, direction of behaviours, or e.g. choices of strategy or methods of
approach in problem solving and decision making (see Chapter 7 below; Hewstone &
Macrae, 1990; Isen et al., 1982; Isen et al., 1987; McLeod, 1988; Piaget, 1981; Scheier
& Carver, 1982; Weiner, 1986). Arousal of affective responses can thus be interpreted to
stimulate both pupils´ autonomic and their central nervous system in mathematics
learning situations (c.f., Sigel, 1986, p. 226). 

Even though the penetrating nature of affective tones in all human mental functioning is
generally acknowledged, cognitive psychological theorists have varying views of how
deeply or seriously this affective involvement would influence mental activity or
contents. For example, Piaget (1981) viewed that emotions can not modify or generate
the structures of intelligence and behaviour, even if they may influence the contents or
course of cognition. Instead, for example Zimiles (1986, p. 84) considers that “the
overarching influence of affect is intrinsic to the natural functioning of cognition.” By
this study we may indicate that pupils´ affective experiences and states may have
considerable implications not only for the course or contents of their operating mind with
mathematics, but also for the further organization and structures of their mathematical
beliefs and experiences. Their affective responses or states with mathematics are then
seen here to guide and fundamentally change the nature of their subsequent mathematical
cognition (c.f., Stein & Levine, 1987).  

The hindering (interfering) effects of affective responses on cognitive activity have
generally been linked to the probability of affective responses to bring about interruptions
during intellectual performances, and are generally viewed to concern highly intense
negative (e.g. test anxiety) as well as positive (e.g. surprise) affective responses, both of
which may have hindering consequences for one´s cognitive processes (Isen et al., 1982;
Mandler, 1989; Simon, 1982). But, in general the effects of positive affective responses
are viewed more as facilitative rather than distruptive in nature and related closely to the
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462 C.f., Bandura, 1986; Isen et al., 1982; Lazarus, 1991; Mandler, 1984; 1989; Piaget, 1981; Simon,
1982; Sigel, 1986; Snow & Farr, 1987b; Wozniak, 1986.



efficacy of processings.463 Instead, the mostly hindering effects with negative states like
fear, anxiety, or test anxiety are generally found to have deleterious consequences for
cognitive functioning, higher order cognitive processes and performance by causing
interruptions of ongoing behaviour, disorganization of function, pre-emption of
attention, blocking of task-relevant processing, simplified cognitive processing through
stereotyping and canalizing thoughts, or simpler modes of problem solving and further
dedifferentiation and primitivization of cognitive structure (Hembree, 1988; 1990; Isen et
al., 1982; Mandler, 1989; Messick, 1987; Sarason, 1987; Scheier & Carver, 1982;
Wine, 1971; Zimiles, 1986). Moreover, these states are found to redirect attention or
occupy consciousness, evoke task-irrelevant thoughts and processings,  rearrange goal
priorities, and reorganize or redirect behaviour.464 Hence, cognitive interruptions do not
operate only as causes for highly intense affective arousals and responses (see above),
but may as well appear as results from an arousal of a strong affective response or from
an intensification of an ongoing affective state (Izard, 1982; Simon, 1982). 

In addition to changes in pupils´ ongoing clearly conscious task-directed processes,
highly intense affective responses can be seen to give rise to pupils´ often less conscious
mental contents and processings which are directed toward evaluating the arousal or state
of the response in that particular situation (c.f., Hembree, 1988; Mandler, 1989;
McDonald, 1989; Wozniak, 1986). Especially, negative affective responses and states are
suggested to result in metacognitions or self-reflections such as attitudinal judgments or
expectancy judgment process and task-irrelevant processings intertwined with self blame,
self-doubt, and worries, even if these affective states are characteristic for these pupils´
activities.465 Also, more generally, metacognitive and managerial processes with
mathematics are suggested as highly susceptible to the impacts of pupils´ affective
responses like experienced anxiety (Garofalo & Lester, 1985; McLeod, 1988). For
example, experienced anxiety during mathematical problem solving is perceived to affect
both strategy selection and strategy implementation or pupils´ decisions on mathematical
choices (Hembree, 1990; Schoenfeld, 1985b; see also Chapter 7). But, studies also
show that e.g. experienced stress (or test anxiety) in a test situation may appear as an
important cause for pupils´ failures in their retrieval processes in problem solving
performances, producing crucial debilitations for the whole problem solving episode.466 It
is, however, stated that when an affective response is intense enough (as e.g.
experienced panic with mathematics), all the conscious processing capacity is filled with
the evaluations of that psychological state, together with diminished confidence in dealing
with the response and other cognitive processings being supplanted by these processings
(Bandura, 1993; Buxton, 1981; Scheier & Carver, 1982). That is, mental activity is
powerfully engaged with self-evaluative processes (see also McDonald, 1989), the
qualities of which will be contrasted with pupils´ highly efficient self-states or self-
regulative states and personal agency with mathematics in Chapters 7-8 below.      

In addition to anxiety responses or experienced stress, other unpleasant affective states
such as frustration, anger, or sadness are also suggested to have extensive consequences
for intellectual performances (Isen et al., 1982). Instead of fully aroused high levels of
anxiety, pupils´ already increased awareness of their rising levels of these kinds of
responses are considered as an important class of events that may interrupt their ongoing
cognitive behaviors (Scheier & Carver, 1982), whereas, positive affective responses like
interest, surprise, or curiosity would result in changes in their cognitive organization that
may enable their more efficient processing, initiate and maintain their cognitive
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463 E.g., to bring more different kinds of material to mind to be dealt with at the same time and to prime
or utilize broader or more integrated categories when one is happy (Isen et al., 1987; Messick, 1987;
Stein & Levine, 1987).
464 Hembree, 1988; Isen et al., 1982; Izard, 1982; Mandler, 1984; 1989; McDonald, 1989; Sarason,
1987; Scheier & Carver, 1982; Wine, 1971.
465 See Chapter 7; c.f., Boekaerts, 1995; Hembree, 1988; 1990; McDonald, 1989; Messick, 1987;
Sarason, 1987; Wine, 1971; Zimiles, 1986.
466 See McLeod, 1989b; Naveh-Benjamin et al., 1987; c.f. also Silver, 1987.



processes, and select or maintain their attention (Isen et al., 1982; Isen et al., 1987;
Messick, 1987). Besides these kinds of immediate or often shorter-term influences on
mental processes, pupils´ affective responses even more commonly (see also Isen et al.,
1982) have other considerable and more enduring mental effects. These effects can be
connected to pupils´ entire mathematics performances or to their whole-level self-
evaluative and interpretative mental assessment in mathematics learning situations467

intertwined with their lower-level and less intense feeling states with longer duration (see
Section 5.2 above). Even more clearly than with cognitive interruptions and highly
intense affective responses, a basic division can then be made between the linkages from
pupils´ negative affective states to their hindering mental consequences and from their
positive affective states to often promotive mental effects (c.f., Clark, 1982; Isen et al.,
1982). 

These influences are intertwined with pupils´ general task performance behaviours as
well as with many different sorts of judgments or behaviours, decision-making
processes, problem solving strategies, direction of thoughts, and social behaviour,
especially when pupils evaluate themselves, their friends, their possessions, and their
future (Boekaerts, 1995; Bower & Cohen, 1982; Clark, 1982; Isen et al., 1982; Simon,
1982). As noted above, pupils´ lower-level affective responses as moods can be
characterized as producing only a general and slightly influential or directive affectively
toned learning context for their ongoing learning or performance processes with
mathematics.468 Pupils are scarcely aware of these kinds of subtle effects. But, as
commonly occurring and relatively easily aroused responses, the effects of these may be
quite important and pervasive (c.f., Isen et al., 1982). For example, slight positive
affective responses experienced as hope, happiness, or other related positive mood states
are recognized to generally promote cognitive processes involved in retrieval or storage
of information in several studies, with further consequences for pupils´ judgments and
decision-making processes and hence for all the stages in their cognitive performances
and for the general quality of their mathematics learning experiences.469 Instead, negative
mood states are acknowleged to have pervasive effects on judgments and behaviours that
often (but not always) are opposite to the influence of positive mood states (Clark, 1982;
see the following section; Boekaerts, 1995; Bower & Cohen, 1982).

As indicated above, the effects of pupils´ aroused affective responses on their mental
processes with mathematics depend on what kind of feeling state is in question, on the
environmental or contextual circumstances at hand, on the quality of their mental contents
and cognitive processes activated by or with their affective experiences, as well as on
their more stable personal characteristics or patterns as on their general mathematical
beliefs, skills, and knowledge or e.g. on their knowledge or beliefs of their own affective
states.470 With regard to this, we stress again in this study the qualities of pupils´ beliefs
and belief systems with mathematics and with themselves in particular, and of their
mental processing states or self-states in mathematics learning situations, which are
essentially further intertwined e.g. with their awareness of the meaning of their aroused
responses with mathematics and with the activation and quality of their self-regulatory
processes and states with mathematics.471 For example, pupils´ increased self-focus may
enhance their awareness of relatively strong affective states, leading further to earlier or
more frequent interruptions of their ongoing behavior (c.f., McCombs, 1989; Scheier &
Carver, 1982). On the other hand, the low level of awareness and high automaticy in
ongoing performance processes are considered as detrimental to the effects of affective
responses with mathematics as well as to their control of these responses (Mandler,
1989; McDonald, 1989; McLeod, 1988; Silver, 1987). These aspects will be considered
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467 I.e., to the whole scale of their mental activity.
468 See Section 5.1.; Isen et al., 1982; Simon, 1982.
469 C.f. also Clark, 1982; Isen et al., 1982; Isen et al., 1987; Weiner 1992a.
470 C.f., Bandura, 1993; Boekaerts, 1995; Borkowski et al., 1990; Isen et al., 1982; Linville, 1982;
Mandler, 1989; Wozniak, 1986.
471 See Section 7.4; c.f. also Bandura, 1993; Boekaerts, 1995.



more in Chapter 7 below. 

Affective Effects on Structures and Mental Contents

Although our basic hypothesis includes pupils´ affective responses as results from the
aspects of their cognitive structures or belief systems or from the qualities and contents of
their mental processes or self-states, this also goes the other way around. We may also
have a look at the affective effects through the structural mental aspects considered
above. An especially important factor behind the affective consequences on pupils´
mental processes is the influence or bias of their experienced affective states on the
quality of the objects or contents of their mental processes, either derived from their
memory structures or involved in their perceptions (c.f., Isen et al., 1987). We may
further join these kinds of affective impacts to a continuation or maintenance of particular
kinds of pupils´ mental processes and hence also of consistent affective states in a
particular mathematics learning situation, and even more specifically to the qualities of
their longer-term consequences or structures with their experienced affective responses
with mathematics, in particular to their mathematical self-belief systems.472 In this, the
affective effects seem to vary basically along the negative-positive dichotomy, in
accordance with the direction of their affective response. But may attach these effects also
to the intensity of pupils´ affective responses. The contents of both the retrievals from
pupils´ long-term memory and their perceptions appear as consistent with their ongoing
negative or positive affective state. 

The line in pupils´ situational evoking of particular mental constructions derived from
their stored information can be linked with the so-called “mood-state dependent retrieval”
process (Bower & Cohen, 1982). According to this, the particular emotional state or
affective arousal make the retrieval of congruent stored material faster, i.e., into parts or
aspects of pupils´ conscious learning processes.473 This congruent retrieval means that
pupils´ previously experienced and stored similar affective mathematics learning
situations become activated through the physiological arousal process or state,474 whereas
incongruent memory contents are viewed to be restrained from their consciousness (c.f.,
Boekaerts, 1995; Bower & Cohen, 1982; Simon, 1982). Thence, positive material
becomes more accessible to pupils who are feeling good, making pupils in a positive
mood state able to recall especially positively toned material previously learned, and to
inhibit at the same time other memory contents with mathematics.475 In this way,
particular affective states also have more lasting effects on pupils´ personal learning
processes476 by controlling the contents of their operating mind either through deliberate
or automatic mental processes (c.f., Clark, 1982; Isen et al., 1982; Scheier & Carver,
1982; Snow & Farr, 198b). This congruent retrieval from memory structures may also
further intensify pupils´ already ongoing, positive or again negative, affective states with
mathematics (see also Section 7.4).

Similar connection is suggested to appear between positive or negative affective states
and the direction of one´s perceptions; feelings act like a selective filter for incoming
information, causing congruent stimuli to become more salient, to stand out more, to
arouse more interest, and to cause deeper processings and greater learning of congruent
material (Bower & Cohen, 1982, p. 291). Accordingly, feeling good would produce
pupils´ more positive behaviours and cause them to look at mathematics learning
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472 C.f., also Clark, 1982; Lazarus, 1991; Sarason, 1987.
473 C.f., Bower & Cohen, 1982; Clark, 1982; Eich & Ryan, 1990; Hewstone & Macrae, 1990; Simon,
1982; Snow & Farr, 1987b.
474 C.f., Clark, 1982, p. 284.
475 C.f., Clark, 1982; Isen et al., 1982.
476 As on their decision-making, judgments, and behaviors.



situations more favorably,477 to have more positive expectations for own future
mathematics learning to give more positive associations with mathematics, or to be more
willing to take risks with mathematics. Instead, their negative moods often influence
them in just the opposite way.478 Some examples that can be mentioned are depressive or
helpless pupils with clearly more negative or less positive perceptions of environmental
events or of their own future mathematical successes and/or with frequent negative
expectations or estimations of their future mathematical outcomes.479 Also in stress or
linked negative affective states, pupils would be prone, e.g., to reduce the dimensions of
their mathematical conceptualizations and judgment with more dogmatic and polarized
opinions and beliefs (c.f., Messick, 1987), whereas, positive affects should facilitate
their seeing relationships among stimuli, and hence increase their ability to solve
problems that require an especially creative or innovative solution (c.f., Isen et al.,
1987).  

More specifically, pupils´ dominating positive or negative affective states (e.g. mood
states), and particularly highly intense affective responses, are linked here to the salience
of their stored positive or negative self-beliefs with related self-belief systems and self-
appraisals with mathematics and to the evoking and characteristics of their self-
perceptions in a particular mathematics learning situation (see also above).480 For
example, positive or negative mood states may affect pupils´ self-perceptions of their
own mathematical competence (c.f., Boekaerts, 1995) where their ongoing affective
states can be interpreted to act as constant self-monitors of their learning actions or
progress within their personal goal-value-belief structures related to mathematics.481 Most
importantly, we consider pupils´ affective states to influence their self-regulatory activity,
self-motivation, and/or significant related self-system processes with mathematics,
especially through their self-belief systems and perceptions and experiences of self with
mathematics.482 Results from these effects can be discerned not only in pupils´ judgments
of their own low coping in a mathematics learning situation accompanied with an intense
negative emotional reaction state,483 but also in the negative or positive biases in pupils´
perceptions of causal attributions of their mathematical successes and failures, or
mathematics-anxious pupils´ prediction of own future outcomes,484 or in constituting
personal mathematical goals for future mathematical performances.485

Even longer-term structural effects of pupils´ positive or negative affective responses486

relate to the forms and contents of their further storage of information connected to the
experienced affective states with the various aspects of the particular mathematics
learning situation. According to the structural developmental approach, the more often the
intense affective responses are aroused and tinge pupils´ mathematical performances, the
stronger the links between their particular affective responses and their other mental
contents and structures with mathematics will be. These affectively toned mental
structures or constructions then later become referred to as pupils´ more or less strongly
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477 E.g., their tendency to view others more positively in mathematics learning situations.
478 C.f., Clark, 1982; Isen et al., 1982.
479 See Chapter 8; c.f., Clark, 1982; Dweck, 1986; Izard, 1982; Reyes, 1984; see also Zimiles, 1986;
Weiner, 1986.
480 C.f., Bower & Cohen, 1982; Hunsley, 1987; McCombs, 1989; McDonald, 1989.
481 C.f., Harter, 1985; Markus & Wurf, 1987; Scheier & Carver, 1982; Zimiles, 1986.
482 See Section 7.4 and Chapter 8; c.f., Borkowski et al., 1990; Harter, 1985; Markus & Wurf, 1987;
McCombs, 1989; Zimmerman et al., 1992.
483 C.f., Bandura, 1993; Scheier & Carver, 1982.
484 I.e., expectancies, self-efficacy perceptions, etc.
485 See Chapters 7 and 8; Bandura, 1993, Eccles et al., 1983; Fennema, 1989; Izard, 1982; Schunk, 1984;
Weiner, 1986; Zimmerman et al., 1992.
486 At least intense; see the previous section; Marshall, 1989; Messick, 1987.



maintained mathematical beliefs, values, expectations, affective schemata, or, e.g., as
their attitudes toward mathematics (see Section 5.3.1; c.f., Mandler, 1989; Marshall,
1989; McLeod, 1989b; Piaget, 1981). That is, the qualities and structures of pupils´
beliefs about mathematics, especially of their self-beliefs, not only represent causes for
but also central implications of their previous affective experiences with mathematics.487

Besides affecting the development of this kind of affectively linked mental constructions,
pupils´ affective experiences with mathematics should importantly influence the contents,
structuring, and encoding of their mathematical knowledge, skills, and behaviours.
Affective responses influence what is learned by pupils and how or how well
mathematical material is learned. These responses also appear later as their particular kind
of habitual or deliberate cognitive behaviours with mathematics, or in the levels of their
concentration, flexibility, integration, and differentiation of mathematical knowledge
structures (c.f., Isen et al., 1987; Messick, 1987).

For example, the further encoding or organization of mathematical information
(knowledge) may become importantly interfered with, hindered, or influenced by pupils´
frequent and strong experienced mathematics anxiety, leading further to their inadequate
knowledge of subject matter or unorganized constructions of mathematics learning
contents or of mathematical solving behaviours (c.f., Messick, 1987; Naveh-Benjamin et
al., 1987). A poor encoding or organization of mathematical knowledge representations
may then appear both as a result of pupils´ powerful negative affective responses aroused
frequently in mathematics learning situations, and as a cause for the further appearance of
highly intense negative affective responses during mathematics performances. Instead,
positive responses may have opposite effects. Research results indicate, for example, that
positive affective responses would lead to a change in the way material is categorized and
organized, e.g. more unusual associations or more effective cues for retrieval. Positive
affective states should also facilitate learning by accretion. Happy pupils are suggested to
develop a deeper, more elaborated, or a more flexible understanding of the subject
matter, and establish multiple encoding cues for their later retrieval processes (Isen et al.,
1987). Accordingly, pupils may learn and do better mathematics. The cognitive effects of
affective responses may, however, highly differ along with the responses in question or
with the circumstances of mathematics learning situations. The significance of these
structural impacts can also be connected to the varying position that pupils´ affective
responses have in their self-systems or self-regulatory systems with mathematics which
makes the understanding of the role of affect in mathematics learning even more
complicated in nature.488

Comments

The two-way affective involvements or implications in pupils´ mental functioning and
structures considered in the sections above illustrate the the interaction or co-implications
of their affective responses and mental constructions or operations in mathematics
learning processes. These disclose the multiplex connections and effects between these
two seemingly qualitatively different human aspect and the notice that affect is always
present and in operation in mathematics learning situations. It represents an essential
aspect of pupils´ personal and situational mental processes or learning experiences and
processes with mathematics. On the other hand, pupils´ mental contents and processings
are always interwined with their dominating affective states and/or with affective
arousals, making affect and cognition indissociable in their concrete mathematical
behaviour.489 The illustrated connections and mental interplay are very much dynamic or
functional in nature. In consequence, pupils´ affect can be understood and experienced
only as parts of their mental contents and their ongoing learning or performance
processes, further determined by the mathematics learning situation, context, or
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488 C.f., Leventhal, 1982; Scheier & Carver, 1982.   
489 C.f., Lazarus, 1991; Piaget, 1981; Wozniak, 1986.



environment at hand, and by their important beliefs and belief systems with mathematics.
These views are described by Simon (1982, p. 338) in the form that affect can influence
the course of pupils´ cognition; but the operations used to produce the affect act upon
their cognitive processes. Taking a more holistic look at pupils´ affective experiences and
their cognitive processes is supposed here to include all the different aspects of general
human characteristics and functioning, including behavioural processes or action modes
and states, as well as physiological, biological, and/or neurochemical activity.490

5.4 A Real Dynamic Description with Affect, Cognition, and
Self Included

The examinations above offered a general outlook on the contemporary understanding of
the interdependences between affect and cognition in learning. We applied the significant
aspects of these to pupils´ mathematical belief systems and affective responses or
arousals in mathematics learning situations and took the perspectives that support the
aims of this study. In this chapter, we thus answered partly research questions 2 and 1.
Our consideration of the various dimensions of pupils´ affective responses to
mathematics revealed the general conceptualizations attached to human affect, but also
pointed to the features of these responses that we see as closely linked with the qualities
of pupils´ cognition, mathematical beliefs and belief systems, and especially of their self-
beliefs or self-appraisals with mathematics. The main argument presented above
consisted of our emphasis on the functional or dynamic aspects of pupils´ cognition and
affect in mathematics learning situations. We arrived at the result that the interplay
between pupils´ affect and cognition can be deeply understood only if we focus on the
many-faceted, overlapping (perhaps simultaneous), and constantly varying mental
contents or whole-level qualities of their mental processes, activity, and states in unique
learning situations. This is also suggested here to shorten the traditionally accepted gap
between affective and cognitive domains of personality. The complex interactions
between pupils´ affect and cognition appear, then, as two-way implications, in which we
stress especially the qualities and effects of pupils´ self-beliefs, and self-evaluation491 in
respect to mathematics. We also indicated the significance of pupils´ less conscious
mental processes in their affective arousals in mathematics learning situations.
Accordingly, the general views of the differences between affect and cognition could be
connected with the inaccessible nature of the underlying mental processes with affective
responses, as well as with the general rather restricted views of human cognition. In this
section, we collect the main emphases and viewpoints attached above to the basic
dynamic argument for the interplay of affect and cognition in pupils´ personal
mathematics learning processes. These act as a basis for our further dynamic
considerations in Chapters 6-8.              

Approaches to Pupils´ Mathematical Affective Responses

We understand pupils´ situational mental features to reflect or cooperate with their
personal systems and characteristics or individual patterns of interpretations, responding,
and behavior in mathematics learning and performance. The qualities of pupils´ affective
responses to mathematics are constructed by their activated personal evaluative cognitions
or appraisals of mathematics, self, and mathematics learning situations. These cognitions
are linked here to the qualities and activation of their significant personal mathematical
beliefs and belief systems, and of these especially to their appraisals and complex mental
structures or belief systems dealing with their information of self as such and in relation
to other persons, i.e. to their mathematical self-perceptions and self-belief systems
(Sections 4.4 and 5.1). The qualities of these mental constructs or appraisals, together
with the intertwined affective arousals and feeling states, have varied impacts within
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pupils´ mental or performance processes in mathematics learning situations. Moreover,
the social mathematics learning environment constitutes the external frame of reference
for the emergence, qualities, and development of these perceptions and self-appraisals
and, hence, of their influential affective responses to mathematics (see Chapter 6).

Personally constructed emotions were above considered as highly significant affective
responses that are closely related to pupils´ personal systems. These were seen to touch
upon their whole personality and to have rather obvious, but varied, connections to their
mental processes or constructs with mathematics, and hence to their personal
mathematics learning processes. The most important of these responses were classified
as pupils´ directly self-esteem related affective responses, self-affects, or self-emotions,
which were regarded above as highly intense, personally meaningful, and important
affective responses (Section 5.2). Moreover, by placing emphasis on this kind of deeply
self-involved affective responses, we stress the close linkages between pupils´ mental
processes, their affective experiences, as well as their self-regulatory or optional
mathematics learning behaviours. That is, we consider the essential dynamics of affect
and cognition to be linked with self and self-regulated mathematics learning processes or
with the qualities of pupils´ self-systems processes in mathematics learning. Thereby, we
see the arousals, functioning, and impacts of pupils´ self-affects as the basis for the
qualities of their highly influential affective self-states and self-regulative states in
mathematics learning situations.   

The phenomenon we call here pupils´ affective responses includes different aspects or
components,492 producing different ways to look at each of these. The different aspects of
affective responses have more to do with the choices between the various aspects we are
concentrating on at a particular moment, with the particular forms of human knowledge,
representations, or processes in action at that moment, and/or with the used levels of
consideration and concepts. Choosing or stressing one of these features or components at
a particular moment determines the point of view of pupils´ affective responses, and also
of their affective-cognitive linkages with mathematics. With respect to our personal and
dynamic approach to affect-cognition interplay, we emphasize the qualities of pupils´
affective experiences and states or internal affective environment in mathematics learning
situations,493 which are also considered by cognitive theorists as the most essential and
“cognitive” component of (at least) more complex affective responses like emotions.494

With these notions we refer to pupils´ affective experiences as their phenomenological
kind of mental quality or analysis495 in their consciousness or operating mind and,
particularly, to their affective self-entities or self-experience states during mathematics
learning or performances. We interpret affective experiences to be aroused in connection
to or as a result of pupils´ specific beliefs or appraisals and processes at various levels of
their consciousness. Furthermore, affective self-experience states influence all their
(other) mental activities and subsequent mathematical behaviors or learning processes
with varying intensity. 

In accordance with the cognitive-constructivist view of affective responses or emotions,
we consider pupils´ more complex affective responses and experiences to be at least
under constant motion, change, or development. This means that significant affective
responses not only continually influence pupils´ personal mathematics learning
processes, but may also develop from highly intense or powerful affective responses into
less intense and more stable responses towards mathematics and self. Or, their highly
intense negative affective responses may turn into less intense and/or positive responses
to school mathematics learning. Accordingly, affective responses may become substituted
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toward an external environment (Section 5.2). 
494 E.g., Clark, 1982, Izard, 1982; Wozniak, 1986.
495 C.f., Weiner, 1982.



by some other form of affect, they may lose or increase their power or intensity, and they
may increase or decrease in frequency. Furthermore, we view these changes or
developments of affective responses as importantly connected with the changes in pupils´
mental contents, perceptions, and beliefs of self and mathematics, i.e. changes in their
mathematical self-systems and self-system processes. The true dynamic aspects of
affective responses thence involve the subdomain of feelings described above
representing an inseparable component of pupils´ every personal mathematical experience
and action, in which their self-evaluations as well as self-regulative processes influence
and also are influenced by the qualities of their significant affective responses or affective
self-states with mathematics.                                                     

Pupils´ Self and Self-System Processes in Affective Experiences

The dynamic approach of this study to the interplay of affect and cognition in pupils´
self-regulated mathematics learning processes is closely associated with our notions of
pupils´ constantly operating mind and mental state. By the flow or fluctuation of mental
processes and states, intertwined with pupils´ affective responses with mathematics, we
indicate the variation in the contents of their mind. The intertwined appraisals and
processings may coexist at different levels of their consciousness or self-awareness,496

further causing several and perhaps conflicting affective experiences ongoing and
influential in their personal mathematics learning processes. The aspects of this
operational mental scene are related to the qualities of pupils´ self-systems or
mathematical belief systems and apparaisals with accompanied affective arousals and
experiences, but also to the degree of their consciousness or self-awareness with respect
to their own mental processes and contents in mathematics learning situations.497 We may
call this operational scene pupils´ contextual consciousness, in which the mental co-
constructions, called by Wozniak (1986, p. 41) experience, symbolic discourse, and
action (i.e., affect, cogntion, and action) will be manifested in mathematics learning
situations. The activated mental constructs, systems, and processes represent, then, the
influential aspects of pupils´ internal mental environment in their affective responses, but
this cognition-affect interplay or contextual consciousness depends also on the features of
an external socio-cultural mathematics learning context in question (see Chapter 6).

More particularly, by the aspects of pupils´ contextual consciousness, we refer to the
qualities of their self-reflections, experiences of self, and/or affective and regulative self-
states with mathematics, which we understand to constitute the primary functional scene
or the core in the dynamic integration of affect, cognition, and social environment in their
personal mathematics learning processes. This significant relation between the self and
affect is acknowledged in the classical theories of self (e.g., by James, 1980/1963; Kelly,
1955; Rogers, 1983/1969), but it is also essentially included in the descriptions of ego
functioning within the psychoanalytic tradition.498 Today, this relation is reflected in recent
phenomenological notions and developments with self-system structures or processes in
the education research domain (see Section 4.4 and Chapter 8),499 but more traditionally it
appears in the links between the quality or development of self-concept and affective
responses or anxiety in the studied motivational aspects of learning or of mathematics
learning (see Sections 4.4 and 5.2.3). In accordance with these views, we consider the
functioning and aspects of pupils´ self as the most essential component within their flow
of thoughts, ongoing affective experiences, and organization of learning behaviors. In
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this, both the structural aspects of pupils´ self500 and the functional or experiential features
of their self501 are important. These aspects of self represent the essential context,
prerequisite, and continuity for pupils´ self-regulated mathematics learning processes. In
this, their agentic self constitutes the active part of their information processing system in
general, but of their self-regulated mathematics learning processes in particular. Hence,
the qualities of pupils´ self-systems and personal agency also determine whether affect or
cognition is dominant and identifiable in their mathematics learning processes.502 With
these viewpoints, the question of the existence of separate affective, cognitive, and
behavioral systems or human characteristics will lose its strength.

Instead of independent affective and cognitive factors, we thus emphasize the role of
pupils´ self and self-system processes in their contextual consciousness or in their
personal experiental and self-regulatory levels of functioning in mathematics learning
situations. Like Leventhal (1982, p. 150), we may now illustrate the role of significant
affective responses in pupils´ mathematical self-system processes very much like illness.
These responses are a significant source of information for pupils of their own mental
content or ongoing processing, of their action conditions, and of their self-beliefs, self-
appraisals, or self-states with respect to mathematics. That is, pupils come to have
knowledge of themselves and their actions, they reflect on their self-beliefs, they make
judgments of themselves, and they make decisions on or choices of their own
mathematical actions and intentions through these personal affective experiences in
mathematics learning. Accordingly, influential affective responses represent an
experiental field with highly meaningful information and understanding of self with
respect to mathematics and its learning or to a social mathematics learning environment.
Furthermore, affective responses and experiences constitute the primary personal and
situational frame of reference for pupils´ self-regulatory constructions and activity in
school mathematics learning or performances.   

In this kind of affective self-experiences and self-system processes, we view pupils to act
as holistic agents, by constantly taking part in and directing their own self-system
processes and, hence, the interplay of their affect and cognition in mathematics learning
situations. Even if the structural and experiental aspects of pupils´ affective responses to
mathematics are interrelated, we consider that their affective self-experiences, self-
awareness states, and personal agency become manifested and important particularly in
their situational mental activity and affective states with mathematics. The most
significant aspects of these are interpreted to concern the degrees of their states of self-
awareness and the amount of their conscious control over their own mental content,
affective responses or arousals, and actions in their personal mathematical learning
processes. This significant aspect of personal agency and self-regulated learning much
influences the sources, variation, sustenance, as well as the impacts of pupils´ affective
responses on the qualities of their personal mathematics learning processes and
achievements.503 This self-regulatory aspect with affective responses will be considered in
Section 7.4, but we may conclude here that the harmonious integration of both automatic
and deliberate mental processes and being in good touch with one´s inner self as well as
with the outer reality contribute to pupils´ affective experiences with mathematics and,
hence, their personal mathematics learning processes.504
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6 THE SELF IN THE INTEGRATION OF AFFECTIVE-
COGNITIVE PROCESSES WITHIN A SOCIAL
MATHEMATICS LEARNING ENVIRONMENT

Above we examined the dynamics of pupils´ affect and cognition in personal mathematics
learning processes, compared to the suggested models or qualities of mental
constructions, structures, and processes with affect. We viewed the arousal of pupils´
strong and highly influential affective response characteristics for mathematics
achievement situations505 to be intertwined with the activation of their significant
mathematical belief systems, especially of their mathematical self-belief systems and
related self-appraisals. A central role is allowed for the kind of self-affects connected
with pupils´ experiences of self-esteem, self-worth, and/or personal control with respect
to mathematics, which can be viewed as the aspect of “how one feels about one´s worth”
(Harter, 1985, p. 85; see also Section 5.2). Such responses have their basis in the
qualities of pupils´ stable mathematical or global self-beliefs and self-evaluative patterns,
but also in their evoked unique self-perceptions and self-interpretations in mathematics
learning situations, i.e. in the trait-like self-referent cognitions or more global self-
concept as well as in their situation-specific and context-specific self-appraisals with
respect to mathematics.506 We concentrate here on the initial act of pupils´ self-
evaluations, self-appraisals, or self-judgments in school mathematics learning
situations507 and the linkages between these and the qualities of their significant affective
responses to or affective self-states in mathematics learning or performances. According
to mathematics education research results, these self-affects often appear as negative and
hindering in nature, resulting in preventions in pupils´ personal and self-regulatory
mathematics learning processes (see Section 5.2.3).  

Mathematics education studies and learning models for affective factors have commonly
dealt with the more stable (or general developmental) aspects of pupils´ self-beliefs, self-
concept, or self-perceptions with respect to mathematics. Accordingly, these perceptions
are viewed to importantly affect, through various behavioral-motivational constructs (e.g.
goals, value perceptions), the qualities of their future mathematics learning,
performances, or achievements. Moreover, these are suggested and also found to mediate
the positive effects of pupils´ previous mathematics achievements.508 Traditionally,
pupils´ positive or negative affective responses to mathematics are considered as
influential but separate constructs, or these are included in measures of their mathematics
self-concept or self-schemata, without references to particular affective responses. The
increased interest in self-systems and self-system processes in general education research
has stressed self-perceptions and self-appraisals as the primary source or cause for highly
influential affective responses.509 However, the dynamics of self-perceptions or self-
appraisals, with respect to significant affect, have remained unclear or without detailed
attention, at least in mathematics education research. In this study, we view self-
appraisals, self-evaluations, or self-beliefs as the central actors or factors behind the
arousal and development of pupils´ highly influential affective responses to mathematics
and, thence, as the core in the affect-cognition interplay in their personal and self-
regulatory mathematics learning processes. As described in our learning model (see
Figure 3.3), we see these appraisals and self-affects to be influenced by personal as well
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Betz, 1989; Marsh, 1990b; Reyes, 1984; Skaalvik & Rankin, 1990; Sowder, 1989; Tocci & Engelhard,
1991.
509 E.g., Bandura, 1993; Boekaerts, 1995; Borkowski et al., 1990; Eccles et al., 1983; Harter, 1985;
McCombs, 1989; Meece et al., 1990; Schunk, 1984.



as unique contextual and socio-cultural features of school mathematics learning. Thus,
significant self-perceptions and self-evaluations mediate not only the effects of pupils´
past mathematical history, but also of essential socio-cultural and contextual features of
school mathematics learning on their personal and unique situational affective responses
to mathematics (see also Sections 4.4.1 and 8.5; c.f., Brassell et al., 1980; Burns, 1979;
Dweck, 1986; Eccles et al., 1983; Harter, 1985; Hembree, 1990; Malmivuori, 1996b;
Marsh et al., 1988; McLeod, 1990; Tocci & Engelhard, 1991; Weiner, 1986). 

Consideration of affect in relation to a social learning environment is consistent with
current interest in learning processes (instead of outcomes or achievements), as well as
the consideration of learning in social and contextual situations in classrooms.510 The kind
of purely cognitive or cognitive-constructivist views of learning, as well as of affect,
considered in Chapter 5, have encountered criticism against the studied depersonalized
and decontextualized perceptions and activity (Cobb et al., 1992). In addition to purely
cognitive or general psychological analyses, more and more attention has been given to
sociological approaches for understanding the culture of the mathematics classroom as
well as to notions of social constructions (Bauersfeld, 1988; Brown et al., 1989; Cobb &
Yackel, 1998). Accordingly, we interpret the dynamics of affect and cognition as
conditioned by pupils´ personal features, but also by various socio-cultural and
contextual aspects of school mathematics learning situations. Both mathematics learning
or performances and self-appraisals are always occasioned by the particular situation,
context, and socio-cultural environment. We will take notice of these recent perspectives
in mathematics and mathematics learning and describe more thoroughly the affective-
cognitive interplay with respect to the qualities of pupils´ self-appraisals and related
affective responses to mathematics. These considerations and developments will answer
research question 2 and partly research question 1 (see Section 3.2.2). 

We will examine the dynamics of pupils´ interpretations or self-perceptions and their self-
affects in a social environment, with respect to the involved individual-environmental
interaction. We look at this dynamics or interaction especially through pupils´ personal
and situational mental processes in mathematics learning or task performances, in which
self-appraisals and related highly powerful affective responses or states are seen to occur
within their perceptions of a mathematics learning  environment511 and within their
personal characteristics512 or ongoing mental states in a mathematics learning situtation.
More direct environmental influences on pupils´ self-appraisals and self-affects are joined
with characteristics of an actual mathematics learning or task context at hand and with
unexpected, new, or rapidly changing occurrences in this context. We view these
occurrences very spontaneously or in a highly determinative way to give rise to pupils´
particular kind of preconscious mental contents, processings, or self-appraisals and
arousals of highly intense affective responses to mathematics.513 Less direct
environmental influences on pupils´ self-appraisals and affect are here joined with
particular kinds of socio-culturally beliefs about mathematics and mathematics learning,
or about school performance situations that are reflected by pupils as well as by the larger
social environment.514 In consequence, we consider both types of interactions or
influences as essentially mediated by pupils´ interpretations, self-beliefs, self-appraisals,
and self-judgments in mathematics learning situations. By studying these kinds of
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6.1 The Power of Self-Perceptions Behind Affective Responses

We consider self-beliefs, self-appraisals, and/or self-understandings with respect to
mathematics as the basic evaluative mental system or activities through which pupils
(often unconsciously as simple appraisals) bring about, interpret, and also have
influences on their personally important affective responses to mathematics.516 As
McCombs (1989) states, “Self-beliefs provide particularly effective cues for the recall of
self-evaluative information” (p. 68). Hence, such self-evaluative processes also dominate
the qualities and development of the (mental) individual-environmental interaction behind
pupils´ significant affective arousals and responses to mathematics. Accordingly, the
appearance or experience of significant affective arousals and responses in mathematics
learning situations is intertwined with pupils´ complex mental or personal self-processes,
which operate simultaneously with their other forms of mental activity. In this, we see
pupils´ self-appraisals to represent the characteristics or qualities of their global self-
beliefs or self-esteem, self-concept, and self-confidence reflections with respect to
mathematics as well as the developmental level of their self-system structures or self-
evaluative processes.517 Moreover, we link these self-appraisals with the characteristics or
level of organization of pupils´ aroused, ongoing, or disappearing affective or mental
states, processings, and behaviors in a mathematics learning situation. That is, pupils´
self-appraisals occur in unique ways in each social and also personal mathematics
learning contexts and situations. Unique self-perceptions and related self-affects
represent pupils´ states of their self-phenomena, with respect to school mathematics
learning.518

In Section 4.4 above, the evaluative aspects of pupils´ self or self-system were joint to
their self-esteem or experiences of self-worth. These resulted from discrepancies between
their self-images or self-views and their various self-ideals or possible selves associated
with their personal goals and values and including internal and external self-comparison
processes.519 In addition, such differentiated self-constructs as their social self or public
self were included in these self-systems and self-evaluations. All these aspects refer to
the fact that the development of pupils´ self-belief systems, as well as the qualities of
their self-evaluative processes, are social constructs that are inevitably intertwined with
the socio-cultural environment and perceptions of others or others´ perspectives and
judgments. This link between social environment and self, however, varies between
individual pupils and along with the developmental level of their self-systems (Leahy &
Shirk, 1985). As Wozniak (1986) points out, “Evaluative processes in turn depend
directly on our values and indirectly on our developing knowledge of the environment
and of our selves” (p. 52). We consider pupils´ self-appraisals also as essentially
occasioned by the specific mathematics learning situation or context at hand (c.f.,
Osterwegel & Oppenheimer, 1993; Seegers & Boekarts, 1996). According to Boekaerts
(1995, p. 405), multiform mental appraisals have three main sources of information in
learning situations: pupils´ perceptions of the task and the physical, social, and didactic
context; their activated domain-specific knowledge and skills relevant to the task; and
their personality traits with a subset of self-concept related to emotions and attitudes, or,
a set of judgments about task, combining beliefs about self and beliefs about subject-
matter domain. We concentrate here on the qualities of pupils´ mathematical self-
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appraisals in relation to their personality or mental features with perceptions of or
judgments about mathematics and the task as well as to the mathematics learning context
or social environment in question.   

Significant contextual or socio-cultural features attached to mathematics and school
mathematics learning or performance cause pupils to easily perceive or sense a
mathematics learning situation as threatening or frightening with expected losses in their
personal resources or a decrease in well-being. This commonly experienced threat arouse
highly intense negative affective responses called above negative self-affects. In contrast
to this, arousal of dominantly positive affective responses are generally characterized as
perceptions of personal challenge in achievement situations (Bandura, 1993; Boekaerts,
1995; Harter, 1985; Hunsley, 1987; Mandler, 1989; McDonald, 1989; Rosenberg,
1985). Both of these categories of appraisals and affective responses we can link with the
qualities of pupils´ significant self-beliefs and self-appraisals with respect to their self-
worth in mathematics (see Section 5.2.2). These self-perceptions and self-appraisals
behind self-affects are especially meaningful in mental interruption occurrences or mental
blockages and/or during unusual or highly significant mathematics learning episodes.
Mathematics tests or important evaluative school learning situations are typical examples
of these kinds of significant learning occurrences. Subjective evaluations of an error, a
mistake, and successes or failures520 represent additional mathematical situations that
serve as highly incentive occasions for pupils´ experienced threats to their ego, self-
concept, or self-esteem, or instead as places for their self-enhancement with respect to
school mathematics. The involved self-appraisals are commonly intertwined with pupils´
worries or positive appraisals of their mathematics achievements and personal
mathematical abilities, skills, or competence, or of coping with respect to mathematics
learning or achievement situations.521 In this chapter our examination relates to this kind
of primary or secondary appraisal processes with the direction from pupils´ self-
appraisals to their highly influential affective responses, i.e., from the qualities of
mathematical self-perceptions and self-evaluations to the aspects and arousals of affective
responses to mathematics. Accordingly, these appraisals are involved in the original
moments and mental activity giving rise to pupils´ genuine and highly intense self-affects
or affective self-experiences with mathematics. 

6.1.1 Pupils´ Self-Belief Systems and Affective Responses to
Mathematics

We will now return to the structural affect-cognition linkages considered in Section
5.3.1. Those aspects will now be applied to the interplay between pupils´ stable or global
self-constructions and the arousal or qualities of their self-affects to mathematics.
Significant self-belief systems were above interpreted as special types of psychologically
central or primary constructions and personal systems, most commonly unconsciously
held or reflected by pupils and highly stable in nature. In addition, these systems were
seen to be linked with all other personally significant and frequently evoked mental
structures or meaning systems of personal mathematics learning processes becoming
activated in every mathematics learning or achievement situation to a varying extent. As
highly influential evaluative beliefs, pupils´ self-beliefs were viewed to constitute an
essential basis for the functioning as well as development of their other personal
mathematical beliefs and belief systems (see Sections 4.2 and 4.4.1). Self-beliefs
dominate the mental aspects and processes behind their daily, familiar, and/or significant
personal processes and affective responses in mathematics learning situations. A
variation of this dominance was attached to the variation in the depth or unconsciousness
in pupils´ self-beliefs, in the personal relevance or psychological centrality in their self-
beliefs, or in complexity or personal constructive processes with their own self-beliefs
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521 See Sections 4.4 and 5.2.2; c.f., Bandura, 1993; Boekaerts, 1995; Eccles et al., 1983; Fennema,
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(see Section 5.3.1).522 More detail and better structured mental constructs of self-
conceptions consist most often of pupils´ general or situation-specific descriptions of self
in relation to mathematics and are characterized more as their surface or peripheral self-
constructs, and as involved in their conscious self-concept. We connect these self-
descriptions with pupils´ milder affective tones and with the arousal of more positive
self-esteem-related affective responses or self-affects in mathematics learning situations
(see Sections  4.1 and 5.3.1; c.f., Harter, 1985; Wylie, 1974; 1987). These kinds of
affective responses and self-states become quite easily conditioned or influenced by such
factors as the significance of the mathematics learning situation at hand as well as by
pupils´ efficient self-control processes (c.f., Section 7.4). Accordingly, the related self-
appraisals and self-affects appear more under pupils´ reappraisals and personal
restructuring and as clearly connected with specific mathematics learning contexts.
Hence, the links between these kinds of surface self-perceptions or self-appraisals and
affective responses are more complex, more indirect, more detailed, and/or better
outlined than between self-affects and deeper or less conscious mathematical self-
beliefs.523 These structural aspects make the affective responses with pupils´ conscious
self-descriptions more normal and well-structured features of their mental activity and
judgments in mathematics learning situations, the evoking of which will not totally
displace their task-related mathematics learning processes and mental states by the
accompanying affective responses.524

We attach the relation between pupils´ deep, highly stable, primary, and/or central self-
beliefs (see Section 4.1; c.f., Burns, 1979) or core personal constructions (Harter, 1985)
and their self-affects directly to the notions or measures of self-esteem and experiences or
sense of their personal worth and competence (i.e. feelings about oneself or self-esteem;
Corey, 1987) with respect to mathematics and its learning or performances.525 As based
on their early constructions and as customarily maintained regard to self (or a self-
evaluative process), psychologically central and deep self-beliefs represent more global
affective aspects of pupils´ self-appraisals.526 They influence more directly at the affective
level or as reflections of their more general personal self-worth, the processings and
mental states of which are most commonly experienced as a powerful and penetrating or
overwhelming mental occupation, or as a positive or negative affective quality of
individual consciousness. These kinds of highly intense senses of self or core affective
self-experience states also appear more as negative self-affects with respect to
mathematics in all significant performance situations (see Sections 4.4.1, 5.1, and 5.3.1;
c.f., McCombs, 1989; Oosterwegel & Oppenheimer, 1993; Rosenberg, 1985), and not
merely as associated with differentiated views of self or specific mathematics learning
situations. Other aspects or contents of pupils´ mind become, then, easily repressed or
superseded by this kind of affective self-state (see Section 5.3.3; c.f., Mandler, 1989;
Ridley, 1991; Shavelson et al., 1976). In this study we view these kinds of core or
important affective self-experience states to be related to pupils´ significant self-
confidence or self-efficacy perceptions and appraisals with respect to mathematics (see
Section 4.4.2), which we further linked with their self-control perceptions, agency
beliefs, or beliefs about individual coping in mathematics learning situations.527

The connections between these kind of self-appraisals and core affective arousals are so
close, immediate, and weakly conscious that “the feeling is perceived as something in the
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conceptions or self-descriptions and their deeper self-beliefs and self-perceptions (see Section 4.4.1).
523 See Section 5.3.1; c.f., Marshall, 1989.

524 See also Section 5.3.3 and Section 7.4.
525 See Sections 4.4.1, 4.4.2, and 5.3.1; c.f., McCombs, 1989; McDonald, 1989; Oosterwegel &
Oppenheimer, 1993; Shavelson et al., 1976.
526 I.e., global sense of self with respect to mathematics; see Section 4.4.2; Burns, 1979; Harter, 1985;
Wylie, 1974; 1987.
527 C.f., Bandura, 1993; McCombs & Marzano, 1990; Paris & Byrnes, 1989; Weiner, 1986.  



body that appears to have an identity all its own” (Epstein, 1972; c.f., Harter, 1985, p.
86; McDonald, 1989). These may be experienced as milder affective responses such as
positive or negative mood states, sensations and feelings of unpleasantness, security, or
confidence, but more commonly they appear as aroused highly intense, positive or
negative, affective reactions such as fear, panic, sadness, shame, sense of inadequacy
and high levels of different anxiety responses to mathematics or instead joy and pride.528

These kinds of “deep” self-related affective responses or primary self-emotions are
referred to by W. James (1890/1963) as pride and vanity, or shame and mortification,
which relate to specific forms of self-appreciation or self-dissatisfaction. Cooley (1902)
considers these self-affects as some sort of “self-feeling” such as pride or mortification
and such positive affects as pride, vanity, self-respect, reverence, confidence, and hope,
as well as negative responses like shame, mortification, guilt, contrition, and self-
abregation (see also Section 5.2.2; Osterwegel & Oppenheimer, 1993; Burns, 1979).
The most influential or powerful beliefs about or appraisals of self often represent pupils´
simple or poorly structured mental constructions or deep constructions of self, together
with accompanying affective reservations or information in the form of early self-esteem
or self-worth-related evaluative patterns. As these kinds of deep self-beliefs and self-
appraisals are only primitively incorporated in pupils´ higher mental structures, they can
be viewed to function as their independent personal belief clusters or constructions, with
the accompanying affective information as seemingly, indistinctly and simply but
strongly linked to whole sets of their self-beliefs and thus aroused whenever these self-
perceptions or self-beliefs become activated by pupils mental processes (see Sections 4.2
and 5.3.1). The related self-appraisal patterns appear, then, as a particular kind of pre-
expectancies that serve as automatic (unrecognized, unconscious) arousers of their
powerful self-affects in new mathematics learning situations.529 Furthermore, the high
frequency of these global and deep self-affects essentially influences the development and
qualities of pupils´ less intense, less central or immediate, and/or less frequently aroused
affective responses or concerns to mathematics, like of their attitudes towards
mathematics (see Section 5.3.2; c.f., Marshall, 1989). 

6.1.2 Other Personal Features Behind Self-Appraisals and Affect

Pupils beliefs and perceptions of self constitute the basis for their evaluations and
judgments of themselves in mathematics learning situations.530 In turn, other kinds of
personality features influence the qualities, development, and activation of these
interpretations and self-appraisals behind pupils´ self-affects to mathematics. More
specifically, these additional personality features create a personal context for the qualities
of and variation in the mental individual-environmental interactions behind pupils´
significant affect. In our learning model (see Section 3.4), these personality aspects are
seen to operate, along with various socio-cultural or contextual environmental features,
behind the qualities, activation, and patterns of pupils´ evaluations of self, events, and
past mathematical experiences. Firstly, we attach significant personal characteristics
behind pupils´ self-appraisals and affect to the qualities of their affectively toned personal
history with respect to school mathematics. In particular, pupils´ previously and
frequently encountered highly intense affective responses531 in mathematics learning
situations, as such, easily give rise to similar kinds of appraisals and responses in new
significant mathematics learning or performance situations (e.g., Hunsley, 1987;
Malmivuori, 1994; McCombs, 1989; Naveh-Benjamin et al. 1987; Marshall, 1989;
McDonald, 1989). These affective responses operate as self-evaluative hints, and hence
significantly direct further self-appraisals of one´s own mathematical competence (see
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528 See Sections 5.1 and 5.2; Harter, 1985; Hunsley 1987; Mandler, 1989; McDonald, 1989; McLeod,
1988; Stodolsky et al., 1991.
529 The effects of these can be perceived further as pupils´ defence, avoidance, or off-task behaviours
during their mathematics performances; see Section 7.4; e.g., Boekaerts, 1995; McDonald, 1989.
530 C.f., Bandura, 1993; Brown et al., 1989; Cobb et al., 1989; Harter, 1985.
531 Vicarious or personal experiences; Bandura 1986; 1994.



Section 5.3.3; Boekaerts, 1995). In addition to affective personal mathematical history,
we may also refer to the effects of pupils´ personal ways to adopt and construct
information, impressions, and signs in social situations. For example, sensitiveness to
self-evaluative and affective signs of learning environment, the tendency to react
emotionally in discrepancy or stressful learning situations, the tendency to be patient and
sustained in learning (Aiken, 1972), the level of personal and social adjustment (Aiken,
1970), high or low perceptual activity, or the tendency to be active or passive can all be
included among the influential personality features behind pupils´ self-appraisals and
affect. These aspects are manifested, for example, in the distinction made between more
or less ego-involved self-interpretations and self-perceptions (McDonald, 1989; Nicholls,
1984; Nunes, 1992; Schoenfeld, 1983). However, they can also be observed in the
generally measured affective personality traits as, for example, in pupils´ tolerance for
errors or failures and for frustrations, or instead in their trait anxiety or general attempts
to avoid threatful mathematics learning situations, in their stable positive or negative
mathematics attitudes, and in their overall aversive emotions or responsiveness to
mathematics (c.f., Bandura, 1993; Bessant, 1995; Goldin, 1988; Kloosterman, 1988;
Kuhl, 1987; McDonald, 1989; Seegers & Boekaerts, 1996).

Traditionally, the individual differences in self-perceptions of or in affect and self-
evaluative patterns with mathematical competence have been connected with the qualities
and development of mathematical knowledge, abilities, and skills or with scholastic
aptitude or study skills (see Section 4.4; Ames & Archer, 1988; Boekaerts, 1995; Dweck
& Elliot, 1983; Eccles et al., 1983; Haladyna et al., 1983; Hembree, 1988; Lester et al.,
1989; Meece et al., 1990; Naveh-Benjamin et al., 1987; Nicholls, 1984; Shavelson et al.,
1976; Wigfield & Meece, 1988).532 These features relate further to  significant age-based
changes (e.g. in pubertal adolescents) or other developmental changes in personal
systems. In this study, we attach significant personality changes in pupils´ self-appraisals
and affect to changes in their general self-system structures, and/or to the qualities and
development of their higher order metacognitive or self-regulatory knowledge, abilities,
skills, and activities.533 These personal features include the aspects and development of
pupils´ self-reflection, self-control, self-knowledge, and self-regulatory actions in
general, or with respect to mathematical situations in particular (Chapter 7 and 8). More
specifically, the qualities and development of these self-processes influence the forms of
pupils´ self-regulatory behavior styles, with respect to their aroused affective responses
or self-states in mathematics learning processes and situations.534 Besides pupils´ self-
beliefs, in this study these personal features are attached further to the aspects of their
significant self-directive beliefs about the nature of mathematics or about mathematics
learning and teaching. Also included are such factors as their beliefs about or attitudes
toward the teacher, toward other pupils, toward the school, school work, or school
admistration, toward the classroom context, and toward learning in general,535 or their
personal ideas or views of the general socio-cultural forms of self-evaluation, self-
interpretations, affective responses, and behavior in the school learning context. beliefs
and perceptions as perceptions. All of these categories of beliefs, ideas, or attitudes are
reflected in pupils´ forms of understanding or appraisals of the aspects of mathematics,
mathematics learning, and school mathematics learning situations, but more importantly
in their appraisals of themselves as mathematics learners. They constitute the personal
standards, paths, and/or most significant restrictions for pupils´ interpretations and self-
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532 E.g., with positive affective responses, less competent pupils generally respond with “happy”
responses, whereas cognitively competent pupils more with “proud” responses; Harter, 1985.  
533 See Section 4.4.1; c.f., Bandura, 1993; 1994; McCombs & Marzano, 1990; Oosterwegel &
Oppenheimer, 1993; Weiner, 1992b; see Chapter 7 and 8. 
534 E.g., how the hindering affective reactions will be overcome or whether these are turned into affective
effects that will promote their mathematical performances (see Section 7.4 below; e.g., Hunsley, 1987; 
Naveh-Benjamin et al., 1987; Mandler, 1989; McDonald, 1989; McLeod, 1990).
535 C.f., Bandura, 1986; Eccles et al., 1983, Fennema, 1989; Haladyna et al., 1983; Harter, 1985;
Helmke, 1994; McCombs, 1989; Reyes, 1984; Reyes & Stanic, 1988; Rosenberg, 1979; Schunk,
1989b; Seegers & Boekaerts, 1996.



appraisals in mathematics learning situations.536

Examples of the roles of some significant socio-cultural belief constructions and
appraisals behind pupils´ self-interpretations and affective arousals will be given in
Section 6.4.3 below, but we point here to the common affect-cognition linkages with
self-appraisals or self-interpretative styles made in the form of personality or cognitive
styles intertwined with personal aspirations, needs, values, and efforts in mathematics
education research or general research in education (c.f., Section 4.4.1). In addition to
such general personal characteristics as willingness to maintain self-control and pursue
self-efficacy, to be correct and not to be wrong or controlled (Bandura, 1993; Borkowski
et al., 1990; Deci, 1987b; McDonald, 1989; Weiner, 1992a), these aspects are studied as
variations in pupils´ stable attributional styles or dispositions and in their goal
orientations.537 With respect to goal orientational bases, differences between promotive or
hindering self-appraisals, as well as affective responses to mathematics, have been made
by studies of task vs. ego orientation (Nicholls, 1984), learning vs. performance
orientation (Dweck & Elliot, 1983), mastery vs. performance goals (Ames & Archer,
1988), and mastery mode vs. coping mode (Boekaerts, 1995). Affective responses to
mathematics are also seen to depend on whether pupils´ behaviors relate to deep or
surface learning and to intrinsic or external motivation. The former is seen to be
accompanied by more positive self-appraisals and affective responses and the latter with
negative self-affects (e.g. mathematics anxiety; c.f., Bessant, 1995). Another example of
these different goal orientations or personal behavioral or motivational patterns, closely
intertwined with pupils´ self-appraisals and self-affects, is represented by the studies of
field-dependent against field-independent students (c.f., McLeod, 1994). All these
personal styles can be viewed to have significant effects both on pupils´ self-appraisals
behind their significant affective arousals as well as on the qualities of their self-
regulatory actions with their affect (see Section 7.4). 

The  qualities of self-appraisals and affect with respect to mathematics are found to
depend also on pupils´ age, gender, race, or socio-economic background.538 Most
relevant and consistent personality aspects relate to the widely recognized gender
differences in mathematical self-perceptions and related affective responses in favor of
males, as well as in mathematical beliefs and attitudes operating behind these perceptions
and responses.539 These gender-related differences are perceived further to develop
gradually along with age and grade level. Females´ lower inherent mathematics ability or
males´ natural interest in mathematics have been suggested as factors behind these
differences (see Section 4.4.1; Aiken, 1970; 1976; Fennema & Hart, 1994; Hart,
1989a), but we see the particular socio-cultural aspects of mathematics and school
mathematics learning further to be connected with the differences in females´ and males´
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536 Reflected as and further developed through pupils´ unique mathematical experiences (see Sections 3.4.1
and 5.3.1).   
537 Both are further linked to various personality behavioral or motivational aspects and significant beliefs
about mathematics learning and further to various significant socio-cultural features of school
mathematics learning See Sections 6.2-6.4 and 8.4; e.g., Bessant, 1995; Dweck & Elliot, 1983;
Heckhausen, 1987; Lerman, 1998; Peterson & Seligman, 1987; Weiner, 1986; Zimmerman et al., 1992.
538 See also Sections 4.4, 5.2; Bessant, 1995; Eccles et al., 1983; Fennema, 1989; Haladyna et al., 1983;
Harter, 1985; Hembree, 1990; McLeod, 1992; Nicholls, 1984; Norwich, 1987; Reyes, 1984; Reyes &
Stanic, 1988; Schunk, 1989b; Seegers & Boekaerts, 1996; Tocci & Engelhard, 1991; 
Wigfield & Meece, 1988. 
539 See Sections 4.3, 4.4.2, and 5.2; Aiken, 1970; Byrne, 1984; Eccles et al. 1983; Fennema & Hart,
1994; Fennema & Sherman, 1977; Haladyna et al., 1983; Karjalainen, 1982; Leder, 1992; Leino, 1977;
Malmivuori, 1996a; 1996b; Marsh, 1986; McLeod, 1992; Reyes, 1984; Reyes & Stanic, 1988; 
Seegers & Boekaerts, 1996; Skaalvik & Rankin, 1990; Tocci & Engelhard, 1991.



different social or sex roles as especially influential in these differences.540 More
generally, external comparison or interpersonal processes are suggested as more closely
associated with self-concept development for females than for males.541 These dynamic
differences are measured, for example, in the gender difference in the significance of
persons influencing pupils´ perceptions and actions (Armstrong & Price, 1982) or in the
characteristics of pupils´ perceptions made during mathematics lessons (Smith, 1989;
Stipek & Gralinski, 1991). The related divergence in self-interpretative patterns is
measured in differences in females´ and males´ mathematics self-concept, self-efficacy,
self-confidence, mathematics anxiety, or causal attributional patterns,542 but can also be
joint with such effects as males´ higher ego orientation than females, females´ more than
males´ fear of making mistakes, females´ fear of success in mathematics, or with males´
more frequent than females´ anger responses and again females´ more frequent worry
experiences than males in mathematics failure situations (c.f., Hembree, 1988; Leder,
1982; Seegers & Boekaerts, 1996; see also Section 6.3). 

All these personality features or structures, with respect to mathematics and its learning,
make evaluations of one´s own mathematical competence and ability essential
determinants of personal mathematics learning and self-regulation processes. Pupils´
personal history or past experiences and other personality characteristics (as well as
various socio-cultural and contextual factors or beliefs) with mathematics can be viewed
to constitute the limits or channels, as well as possibilities, for their unique qualities and
further development or their mathematical interpretations and self-appraisals.543 In
addition to these rather static personality characteristics (and intertwined socio-cultural
features), we once again stress the dynamic aspects of pupils´ self-appraisals and affect
in unique mathematics learning situations, in which pupils´ personal agency play a
significant role in constituting the interpretations and evaluations of self with respect to
mathematics. Accordingly, these unique situational and task-specific self-appraisals,
together with the activation of personal desires, motives, goals, or aspirations, determine
the unique qualities of their significant affective responses  and self-experiences with
mathematics. In this, the involved whole-level self-regulatory acts and states come to
create the final context for pupils´ (mental) individual-environment interaction and hence
for the arousal, influence, and development of their self-appraisals and affect in
mathematics learning contexts (see Section 7.4). Furthermore, these  aspects of their
personal agency determine not only whether their affect and/or cognition is dominant, but
also the extent that various personality characteristics or influential socio-cultural and
contextual features of mathematics learning situations influence their self-appraisals and
affect (see Section 5.3.1; c.f., Bessant, 1995; Seegers & Boekaerts, 1996; Sigel, 1986,
p. 225).        

6.2 Joining Mathematical Self-Perceptions with Specific
Affective Arousals and Responses

The research results obtained in studies of mathematics education of the connections
between pupils´ self-perceptions with respect to mathematics and their affective
responses toward mathematics are very much tied up with the quantitative methods and
measurements used in these studies (see Section 2.2). The found correlative relations

132

540 Perceived, e.g., with respect to general mathematics stereotyping as a male domain and to
mathematics usefullness perceptions (see Sections 4.3 and 6.4.3; Eccles et al., 1983; Fennema, 1989;
Malmivuori, 1996b; Malmivuori & Pehkonen, 1997; McLeod, 1989a; Reyes, 1984). 
541 See Sections 4.4.1 and 4.4.2; Leahy & Shirk, 1985.
542 See Sections 6.2 and 6.3; Eccles et al., 1983; Fennema, 1989; Hembree, 1988; Malmivuori, 1996b;
Norwich, 1987; Reyes, 1984; Seegers & Boekaerts, 1996; Stipek & Gralinski, 1991; Wigfield & Meece,
1988; Wolleat et al., 1980.
543 See also Section 3.4.1; c.f., Eccles et al., 1983; Fennema, 1989; 1994; Lazarus, 1991; Leder, 1982;
1992.



vary both along with the self-referent constructs and the affective concepts applied.544 The
measurements have often disclosed pupils´ general and highly conscious and socially
accepted or expected self-views with respect to mathematics. Neither their situationally or
contextually bounded self-perceptions, nor the multi-faceted appearance of their self-
beliefs have been precisely taken account in these studies or measurements.545 Typically,
the studied causal relations involve (one-way) connections from pupils´ mathematical
self-perceptions to their affective responses toward mathematics, in particular, the
negative association between mathematical self-views and mathematics anxiety in
different forms. Furthermore, self-views have been studied as one of the significant
mediating variables between pupils´ mathematics achievements and mathematics-related
affective responses (e.g., Meece et al., 1990, Reyes, 1984). 

The research results on the relations between various self-constructs, as well as between
these self-constructs and affective responses to mathematics, have suffered for the
general difficulties in measuring and conceptualizing both pupils´ self-concept and the
qualities of their accompanied affective responses.546 These deficiences are connected
with a possible weak connection of these research results to everyday mathematics
learning situations and with a lack of a detailed theoretical basis for the studied
connections.547 An exception to this research of self and affect is made by the applications
of the causal attribution model used in mathematics education research domain. A
deviation from the more traditional kind of research can also be regarded as those
applications and numerous consistent research results produced by Fennema &
Sherman´s (1976) mathematics self-confidence scale with clear and strong negative
connections between self-confidence and mathematics anxiety. Furthermore, the recent
results on or developments with pupils´ context-dependent mathematical self-efficacy
perceptions and affect or self-regulation represent a different and more detailed approach
to the the interplay (see Section 4.4.3; e.g., Meece et al., 1990; Seegers & Boekaerts,
1996).  

As with mathematics education research on affect, studies of the relations between
mathematical self-views and affective reactions have centred on gender-differences.
Accordingly, the obtained research results display rather consistently that females´ more
frequent negative or less positive mathematical self-perceptions than that of males´ tend to
be associated with their more frequent or intense and influential negative affective
responses to mathematics. Such trends appear especially in studies of causal attributions
for mathematical failures or successes and of mathematics self-confidence levels or
expectancies for mathematics achievements and outcomes. We will apply previous
research results in mathematics education in order to illustrate and verify our theoretical
assumptions of the dynamic and essential connections between the qualities of pupils´
mathematical self-beliefs or self-appraisals and of their affective responses to
mathematics. In addition to conscious self-views, we consider different forms of pupils´
deeper self-beliefs, the connection of which to their affect was above suggested to be
direct and highly influential in nature.548 These kinds of self-appraisals were above
attached to pupils´ mathematics self-confidence and self-efficacy perceptions, especially
with respect to their coping or self-control beliefs, perceptions, and expectancies in
mathematics learning situations (c.f., Fennema & Sherman, 1976; Hackett & Betz, 1989;
Hart, 1993; Schunk, 1984; McLeod, 1992; Meece et al., 1990; Mura, 1987). Deep,
stable, and highly central self-beliefs may be reflected in pupils´ expressed (written or
vocal) direct self-views in relation to mathematics, but even more commonly these appear
as the qualities of their affective self-states or self-experience states in mathematical
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544 C.f., Harter, 1985; Leder, 1993; Shavelson et al., 1976; Skaalvik & Rankin, 1990; Wylie, 1974;
1987.
545 Leder, 1993; McLeod, 1992; Seegers & Boekaerts, 1996; Wylie, 1987.
546 C.f., Marsh, 1990a; Seegers & Boekaerts, 1996; Shavelson et al., 1976.
547 C.f. also Leder, 1993; McLeod, 1992; Schoenfeld, 1992; Wylie, 1987.
548 I.e., simple self-beliefs, simple self-inferences, and expectancies and reflected, e.g., in pupils´
spontaneously expressed causal attributions for their mathematical failures and successes; see Section 4.4.



situtaions (see Section 6.1.1). The appearance of the connections between these kinds of
highly influential self-appraisals and affect in pupils´ causal thinking will be considered
in the next section, but below we examine the dynamics of self and affect with respect to
the obtained research results on pupils´ mathematics self-concept of ability, self-
confidence reflections, as well as self-efficacy perceptions and beliefs. Additional
developments are made, as well as a basic distinction between positive and negative cases
of this interplay between self and affect according to the direction of the aroused affective
responses. Mathematics anxiety responses play a significant role in these examinations.           

General Mathematics Ability Perceptions and Anxiety

Since pupils tend to have positive or negative experiences with mathematics mainly as
connected to their own mathematical failures or successes or to their ability perceptions,549

mathematics performance situations are important for the arousal of their affective
responses linked especially to mathematics ability perceptions (c.f., Bandura, 1993;
Meece et al., 1990; Weiner, 1986). The most commonly studied connection between
pupils´ self-appraisals and affect to mathematics is represented by the found negative
relation between mathematics self-concept (or perceptions of general mathematics ability)
and mathematics anxiety (Brassell et al., 1980; Fennema & Sherman, 1977; Meece et al.,
1990; Reyes, 1984; Tocci & Engelhard, 1991; Wigfield & Meece, 1988). Mathematics
self-concept or perceptions of one´s own mathematics ability has been described as a
mediator between pupils´ mathematics achievements or past performances and their
mathematics anxiety, in which mathematics anxiety is negatively related both to their prior
mathematics achievements and mathematics ability perceptions (Fennema & Sherman,
1977; Meece et al., 1990; Wigfield & Meece, 1988). In addition, the relationships
between mathematics achievements and mathematics anxiety appear as inversely related
to pupils´ self-concept (Tocci & Engelhard, 1991). That is, the effects of pupils´ poor
mathematics achievements on their anxiety experiences are increased whenever pupils´
tend to have more negative appraisals of their self with respect to mathematics. This may
be valid especially for females, whose mathematics performances or achievements tend to
influence  more stongly their mathematics self-concept or success expectations than that
of males´ (c.f., Meece et al., 1990; Skaalvik & Rankin, 1990). Moreover, the obtained
research results that boys express higher perceptions of their mathematics ability or
competence and have higher performance expectations than girls550 are consistent with the
findings of girls´ more frequent, stronger, or consistently higher mathematics anxiety
responses or experiences than that of boys.551 These gender-differences also seem to
increase along with grade level, regardless of the level of their mathematics
performances.552

By looking at more specific aspects of mathematics anxiety, we will obtain further
results. For example, Wigfield & Meece (1988) found the negative affective component
of mathematics anxiety (i.e. pupils´ feelings of fear, dread or nervousness toward
mathematics; Section 5.2.3.) as more strongly and negatively associated with pupils´
perceptions of their mathematics ability, performance perceptions, and performance
expectancies than the cognitive component of mathematics anxiety (i.e. pupils´ worries
about doing well in mathematics). On the other hand, the cognitive or “worry”
component of mathematics anxiety was more strongly and positively related to things as
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549 See Section 6.4.3; Stodolsky et al., 1991.
550 See Section 4.4.2; Eccles et al., 1983; McLeod, 1989a; Reyes, 1984; Seegers & Boekaerts, 1996;
Stipek & Gralinski, 1991. 
551 See Section 5.2.3. on mathematics anxiety; Eccles et al., 1983; Fennema & Sherman, 1977;
Hembree, 1990; Stodolsky et al., 1991; Wigfield & Meece, 1988.
552 With girls especially at college level feeling more mathematics anxiety than boys; Eccles et al., 1983;
Hembree, 1990; Marsh et al., 1988; Reyes, 1984; Seegers & Boekaerts, 1996. 



pupils´ perceptions of their actual mathematical effort and of mathematics importance.
Additionally, girls more than boys reflected this ability-related negative affective anxiety
toward mathematics (Wigfield & Meece, 1988, p. 214-215). Both mathematics anxiety
and mathematics test anxiety are seen to be intertwined with pupils´ doubts about their
competence in mathematics, as well as their negative processings (i.e. pessimism; c.f.,
Carver & Scheier, 1988; Wine, 1980) of their future mathematical performances
(Hunsley, 1987). However, the former mathematics anxiety construct more than the latter
may be related to pupils´ personal additional longer-term, less intense, and general
affective responses toward mathematics such as disliking of mathematics (c.f., Stodolsky
et al., 1991). 

On the other hand, general mathematics anxiety may result from high personal self-
demands in mathematics reflected, for example, in pupils´ negative ratings of their own
mathematics performance satisfaction or of exam importance, and in their pessimistic
postexamination appraisals, or it may be a result of fear of mathematical successes (c.f.,
Hunsley, 1987; Leder, 1992; Malmivuori, 1995). Test anxiety clearly has to do with
pupils´ frequent negative self-thoughts or self-doubts appearing during or before
mathematics exams, and with their other more specific, shorter-term, and/or highly
intense negative affective responses experienced during or before a mathematics exam
situation.553 Highly test anxious pupils also generally hold themselves lower in self-
esteem554 than do low test anxious pupils. Furthermore, as mathematics anxiety relates
positively to test anxiety, the fact that females consistently exhibit higher test anxiety with
mathematics than males555 confirms the view that females´ more frequent or stronger
anxiety responses to mathematics are importantly intertwined with their more negative or
less promotive self-appraisals of mathematics ability compared to those of males. Such
special form of anxiety as fear of success in mathematics is suggested to be connected
especially with girls´ culturally determined femininity self-appraisals, which are aroused
by their processing of the negative self-esteem related consequences after succeeding well
in mathematics (see Section 6.4.3). These responses are found to be related to females´
doubt about their femininity, fear of unpopularity or abuse, and feelings of distrust or
guilt (Leder, 1982; 1992), especially seen to be experienced by girls with high ability and
high achievement orientation in mathematics (Leder, 1982). 

Affective Responses with Self-Confidence Reflections

Aspects of pupils´ self-confidence in mathematics were above interpreted to derive from
their deep and unconscious self-beliefs or expectancies which are closely related to
indistinct affect or affective self-experience states in mathematics learning situations (see
Sections 4.4.2 and 6.1.1). Theoretically, the positive affective responses intertwined
with pupils´ mathematics self-confidence is associated with their positive self-esteem or
self-worth appraisals, including feelings of being satisfied with oneself and a sense of
personal worth or self-respect with respect to mathematics learning or performances (see
Sections 5.2.2 and 6.1.1; c.f., Burns, 1979; Rosenberg, 1985). Rosenberg (1985)
views adolescents´ high self-esteem as involving such things as self-acceptance, self-
awareness, and high level of self-tolerance (p. 210). More specifically, we attach self-
confidence to pupils´ high sense of their own responsibility for or personal control over
their mathematical competencies, performances, and/or mathematics learning situations
(see Section 4.4.2; c.f., Hackett & Betz, 1989; Harter, 1985; Oosterwegel &
Oppenheimer, 1993, p. 21). Generally, positive affective responses or self-experiences
intertwined with high mathematics self-confidence can be joint with pupils´ sense of firm
trust, security, and assurance in dealing with mathematical objects or tasks, and with their
sense of self-respect and self-accomplishment or self-efficacy in mathematics learning
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553 E.g., anxiety, negative mood state, fear of negative evaluation, defensiveness, dislike of tests; c.f.,
Hembree, 1988; Hunsley, 1987. 
554 And tend to feel unprotected and controlled by external forces (Hembree, 1988).

555 See Section 5.2.3; Hembree, 1988.



situations. These aspects are further associated with pupils´ general optimismim, positive
expectancies of their own future mathematics outcomes, and feelings of doing well or
being competent in mathematics performance situations, which are also represented in
general self-esteem measures.556

The common and daily appearance and influence of the related milder or less intense
positive affective responses with standard or high self-confidence reflections might be
difficult to recognize (even by pupils themselves) in mathematics learning situations. We
can describe these self-affects or positive self-experiences as general positive, unanxious,
facile, calm, or efficient affective self-states when doing mathematics. Pupils who are
confident of their ability to learn mathematics feel more comfortable when confronting
mathematical situations (Hart, 1993; Kloosterman, 1988). This kind of responses are
more apparently perceived in pupils´ longer-term and/or more stable general positive
affective responses towards mathematics and its learning, measured as their liking or
enjoyment of mathematics and their general positive feelings about or attitude towards
mathematics.557 Instead, the involved more apparent or slightly more intense positive
affective responses can be joint with pupils´ feelings of enthusiasm, impudence or
boldness, or of pride while evaluating their understanding or success in mathematics
(c.f., Adams, 1989; Hart, 1993; Marshall, 1989; Pedro et al., 1981; Stodolsky et al.,
1991).

According to the here stressed dynamic view of self-concept (see Section 4.4 above),
negative affective responses associated with weak or low mathematics self-confidence is
related to pupils´ experiences of inadequacy or self-doubts about their ability or
competence, general pessimism, low expectancies for own mathematical success or low
sense of personal control over mathematics, and as their feelings of low self-worth with
respect to mathematics.558 Moreover, low self-esteem persons are generally more likely to
feel anxiety and are clearly more depressed (Bandura, 1993; Borkowski et al., 1990;
Rosenberg, 1985; Weiner, 1986). Low self-confidence reflections may then appear in a
variety of pupils´ additional negative affective self-states, as in their strong affective
reactions like embarrasment, fear, or panic reactions in mathematics learning situations,
or as in their less intense negative affective responses such as dislike of mathematics or
of particular mathematical tasks, in their worry about their mathematical performances, in
their expression of frustration or tension when doing mathematics, or in their fear of
failure or mistakes in a given task (c.f., Adams, 1989; Buxton, 1981; Hackett & Betz,
1989; Hunsley, 1987; Marshall, 1989; Meece et al., 1990; Stodolsky et al., 1991;
Wigfield & Meece, 1988). 

The relationships between pupils´ self-confidence and their affective responses to
mathematics introduce themselves most apparently in the strong, clear, direct, and
consistently measured relation between low levels of mathematics self-confidence and
high mathematics anxiety.559 Furthermore, this close link can be seen to be reflected in
the general description of anxiety as unpleasant, directed toward the future, and as out of
all proportion to the threat with its special characteristics of “the feelings of uncertainty
and helplessness in the face of danger” (Hembree, 1990). Also, mathematics anxiety has
been considered merely as a lack of confidence in one´s ability to learn mathematics
(Fennema & Sherman, 1976; Kloosterman, 1988; Reyes, 1984). Some researchers view
pupils´ self-confidence as a more essential and broader variable than mathematics anxiety
(e.g., Kloosterman, 1988), whereas others state that mathematics anxiety represents
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556 See Section 4.4.2; Carver & Scheier, 1988; Fennema & Sherman, 1976; Hackett & Betz, 1989;
Harter, 1985; Meece & Courtney, 1992; Skaalvik & Rankin, 1990.
557 C.f., Aiken, 1976; Armstrong & Price, 1982; Hart, 1993; Hembree, 1990; Mandler, 1989;
McDonald, 1989; Stodolsky et al., 1991.
558 C.f., Burns, 1979; Hunsley, 1987; McLeod, 1992; Meece et al., 1990; Scheier & Carver, 1982.
559 Armstrong, 1981; Armstrong & Price, 1982; Buxton, 1981; Fennema & Behr, 1980; Fennema &
Sherman, 1976; Hembree, 1990; Leder, 1992; Lester et al., 1989; Marshall, 1989; McLeod, 1992; Mura,
1987; Pedro et al.,1981; Reyes, 1984; Sherman, 1980.



additional negative affective reactions to mathematics besides an experienced lack of
confidence with (Wigfield & Meece, 1988). However, the connection between
significant negative self-affects such as anxiety and deep negative self-appraisals such as
low self-confidence is so close that these kinds of anxiety self-experiences with
mathematics can be described as pupils´ “failure-of-self-phenomenon” with respect to
mathematics (c.f., Covington & Omelich, 1987). In consequence, strong anxiety or
pessimism responses are indelibly intertwined with significant personal self-systems
processes in mathematics learning and with fundamental self- or ego-related affective
experiences, accompanied by mathematical self-doubts and highly significant prevention
of pupils´ mathematics learning and performances (see Section 5.2.2; e.g., Doctor &
Kahn, 1989). 

Especially, these aspects apply to low mathematics achievers and to pupils from minority
groups, whose mathematics anxiety responses seem to be inversely related to their
mathematics achievements.560 Moreover, anxiety responses have been viewed as
characteristic in particular for females´ self-phenomena (see also Section 6.4.3 below;
Fennema & Hart 1994). Highly consistent gender-difference found between females´
lower than males´ mathematical self-confidence reflections (Section 4.4.2) is further
linked with females´ higher mathematics anxiety. This difference in affective self-
phenomena or self-systems is viewed to produce or mediate one of the most influential
divergences between females´ and males´ self-experiences and self-processes with
respect to mathematics (c.f., Fennema & Sherman, 1977; 1978; Malmivuori, 1996b;
Malmivuori & Pehkonen, 1997; McLeod, 1992; Mura, 1987; Pedro et al., 1981; Reyes,
1984). It operates as a powerful discriminator between pupils´ daily affective experiences
with mathematics, but also between the qualities of their personal and self-regulatory
mathematics learning processes as a whole (see Chapter 8).         

Self-Efficacy Perceptions and Affective Responses

As linked to self-confidence, pupils´ self-efficacy perceptions were described above as
based on their deep and central self-beliefs that have immediate connection to their highly
intense, important, and influential affective responses to mathematics (see Sections
4.4.2, 5.3.2, and 6.1.1). Self-efficacy perceptions were above attached to pupils´
specific or context-dependent and complex self- and self-confidence appraisals with
respect to mathematics measured through their actual judgments or expectancies of their
personal control or power over future mathematics learning (c.f., Bandura, 1977a;
Schunk, 1989b).561 This kind of self-evaluations are also suggested to have a more
clearly argued theoretical basis than more global or general self-measures.562 Accordingly,
the connection of self-esteem related affective responses to these self-appraisals can be
considered even more apparent or accurate than with (global) self-confidence
reflections.563 Since we joint this self-construct with pupils´ self-control perceptions and
experiences of various levels of mastery or personal agency with respect to
mathematics,564 we interpret it to cause the most promotive or debilitative affective self-
states with mathematics. These self-states reflect  central experiences or lack of senses of
self-power, self-influence, and agency in mathematics learning situations.565
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560 See Chapter 8; Aiken, 1970; 1976; Hembree, 1990; McLeod 1989a; Reyes 1984; Sherman &
Fennema, 1977.
561 I.e., to the self in action and control (see Section 4.4.2).  
562 See Section 4.4.2; Bandura, 1977a; 1982; 1993; Meece & Courtney, 1992; Schunk, 1984; 1989b;
Seegers & Boekaerts, 1996; Weiner, 1992b; Zimmerman et al., 1992.
563 C.f., Borkowski et al., 1990; Deci & Ryan, 1985; Hackett & Betz, 1989; 1992; McCombs, 1989;
Meece et al., 1990.
564 See Section 4.4.2; Bandura, 1986; 1993.
565 The influences of these self-states will be examined in Sections 7.2 and 8.1.



Positive affective responses accompanied with pupils´ high self-efficacy perceptions in
mathematics learning situations represent similar kinds of positive experiences of their
own self-worth and self-assuarance as was attached above to their high mathematics self-
confidence reflections (c.f., Bandura, 1993; Borkowski et al., 1990; Doctor & Kahn,
1989; Seegers & Boekaerts, 1996). In addition, the quite generally accepted view of the
close connection between efficacy judgments and forethought-mechanism or self-efficacy
expectancies566 relates increasingly to the kind of self-affects intertwined with pupils´
context- or situation-specific mathematical expectancies. In a positive case, these include
their positive expectancies or feelings of hope about their own future mathematics
performances and experiences (Section 4.4.2; e.g., Bandura, 1993; Carver & Scheier,
1988; 1990b; Meece & Courtney, 1992). Understanding and sense of personal
responsibility for or high control over one´s own mathematical successes further appears
as positively related to low anxiety and feelings of high competence within a domain.567

Additionally, negative affective responses accompanied by pupils´ low mathematics self-
efficacy perceptions are linked to their doubts or experiences of inadequacy, sense of low
self-worth or self-control and of lack of resourcefulness, as well as to their feelings of
hopelessness in relation to future mathematical performances or situations. These
linkages most often appear as a measured negative relation between pupils´ mathematics
self-efficacy perceptions and various degrees of their mathematics anxiety responses.
Pupils´ efficacy-related judgments also significantly predict mathematics anxiety
responses (Bandura, 1993; Borkowski et al., 1990; Meece et al., 1990).  

According to Bandura (1993, p. 134), experienced anxiety aroused by pupils´ low self-
efficacy perceptions, as well as its´ duration and recurrence, results from such factors as
unfulfilled self-standards, low sense of social efficacy, and finally from low sense of
efficacy to have control over harmful or interfering thoughts or internal affective or
cognitive processes. Besides mathematics anxiety, low self-efficacy can be linked to
affective self-states as sadness and frustration (Bandura, 1986; 1993; Meece et al.,
1990), but also to highly intense and influential negative responses such as fear, dread,
or nervousness against mathematics and its learning that are measured especially by test
anxiety measurements (Bandura, 1993; Hunsley, 1987; Meece et al., 1990; Wigfield &
Meece, 1988; c.f., Pintrich & DeGroot, 1990). Low efficacy self-perceptions can even
be associated with experienced depression with high feelings of helplessness and sadness
with respect to mathematics learning or performance.568 These experiences can be viewed
to reflect a holistic psychological response pattern or mental state filled with a low sense
of personal control over mathematics learning situations, low effort, and sense of
uncapability with respect to mathematics.569 Moreover, the mediating role of self-efficacy
perceptions (or expectancies) from pupils´ more general or global mathematics ability
appraisals (c.f., Bandura, 1981; 1993; Eccles et al., 1983; Meece et al., 1990) implies
that these perceptions operate not only as mediators between their prior mathematics
performances and anxiety, but also between their low general mathematics ability
perceptions and their experienced mathematics anxiety (c.f., Meece et al., 1990). Thus,
situation-specific self-efficacy appraisals serve as channels for the emergence and
qualities of significant affective arousals and responses to mathematics due to the
qualities of pupils´ global self-judgments of their own mathematical or competence or of
overall or global mathematical self-confidence (c.f., Bandura, 1993). 

These perspectives can again be applied to the research results of a close connection
between the gender differences in pupils´ mathematics self-efficacy perceptions or
expectancies570 and the quality of their significant affective responses to mathematics. The
fact that girls´ lower than boys´ mathematical expectancies appear as linked to their
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566 At least in achievement situtations (see Section 4.4.2 above; Schunk, 1984). 
567 C.f., Bandura, 1993; Harter, 1985.
568 C.f., Carver & Scheier, 1988; Dweck, 1986; McLeod, 1992; Reyes, 1984.
569 See also Sections 5.2. and 6.3.
570 See Section 4.4.2; e.g., Seegers & Boekaerts, 1996.



expressed higher anxiety or test anxiety to mathematics (Eccles et al., 1983; Hackett &
Betz, 1989; 1992; Meece et al., 1990; Norwich, 1987; see also Pintrich & DeGroot,
1990) confirm the idea that females´ self-interpretative patterns with respect to
mathematics necessarily cause them more negative affective self-experiences with
mathematics accompanied by impairment of their self-system processes and personal
mathematics learning processes and outcomes.571 Moreover, as girls´ more than boys´
past mathematical performances seem to affect their future mathematical expectancies
(Eccles, 1983; Meece et al., 1990; Reyes, 1984), the role of these debilitative self-
interpretative processes or patterns seems to be more powerful in mathematics learning
for girls than for boys.   

Like with unique self-confidence reflections, the significant affective self-states due to
high or low self-efficacy perceptions with respect to mathematics can be viewed to
stabilize over the course of time into pupils´ more general, extensive, or longer-term
affective responses toward mathematics (see also Sections 5.1, 5.3.1, and 6.1.1). The
extent to which pupils encounter these fundamental, positive or negative affective self-
experiences in mathematics learning situations572 will further build up or weaken their
essential sense of functional, self-regulatory, or agentic self573 with respect to
mathematics. In a positive sense, the results from this development of mathematical self-
systems and self-system processes are reflected in pupils´ measured low mathematics
anxiety and high mathematics self-confidence and, further, in their enhanced or efficient
personal mathematcs learning or self-regulation processes. On the other hand, frequent
negative self-appraisals of mathematical competence and control result in pupils´ frequent
or highly intense mathematics anxiety responses with sense of low self-worth and self-
confidence, which further essentially impair the qualities of their personal mathematics
learning and self-regulation processes.574 Especially, we attach these significant affective
experiences to the qualities of pupils´ situational or longer-term self-regulatory activities
with respect to mathematics learning and performances. These self-regulatory aspect of
pupils´ self-perceptions and affective self-states will be considered in Chapters 7 and 8. 

6.3 Self-Perceptions and Affective Responses in Causal
Thinking

We view processings on causal attributions for personal mathematical performances or
outcomes, especially in unexpected, negative, or important mathematical situations (c.f.,
Weiner, 1986) as central cases for pupils´ self-appraisals and significant self-affects to
emerge, influence, and further develop. To illustrate this aspect or affect-cognition
dynamics with causal thinking, we will apply the attributional model of cognitive-
emotional processes introduced by Weiner (1986). It offers a useful theoretical basis or
tool for considering more closely how the differences in pupils´ self-evaluations in
mathematics learning situations will cause variation in their significant affective responses
to mathematics. These mathematical self-system processes are intertwined with qualities
of pupils´ self-conceptions as well as their deep self-beliefs or self-perceptions (i.e.
simple beliefs or inferences, expectancies). In this dynamics we concentrate especially on
pupils´ sense of self-esteem and of personal control or impact over mathematical
performances. Thence, the below examined affective responses accompanied by pupils´
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571 Perceived, e.g., in their lower persistence, choices, and achievements with mathematics (see Chapter 8;
e.g., Eccles et al., 1983; Hackett & Betz, 1989; 1992; Hembree, 1990; Norwich, 1987; Pedro et al.,
1981; Schunk, 1989a).  
572 I.e., through experiences of mastery or of inadequacy or ineptness.
573 I.e., their operating, efficient, and subjective self; see Sections 7.2 and 8.1; c.f., Doctor & Kahn,
1989; McCombs & Marzano, 1990; Zimmerman et al., 1992.  
574 See Chapter 8; c.f., Dweck, 1986; Harter, 1985; Helmke, 1989; Malmivuori, 1996b; McCombs,
1989; McLeod, 1990; Nicholls, 1984; Pintrich & DeGroot, 1990; Schunk, 1984; 1989b; Zimmerman &
Martinez-Pons, 1988; Zimmerman et al. 1992.



causal thinking represent similar kinds of positive or negative affective responses as
those attached above to other self-constructs with mathematics.575

The two-fold nature of the relation of causal attributions and subsequent affective
responses to pupils´ self-intertwined interpretations implies that causal thinking is
infleunced by self-beliefs (Section 4.4.3). On the other hand, pupils´ mathematical self-
confidence reflections together with the involved affective experiences as anxiety may be
partly directed or regulated by their learned patterns in mathematical causal thinking (c.f.,
Borkowski et al., 1990; Kloosterman, 1988; Leder, 1992; Pedro et al., 1981). The
effects of any of the attributional patterns are apt to heighten or lower self-evaluation
(Heckhausen, 1987, p. 144). In turn, this affective-cognitive dynamic with self-
appraisals may be linked with aspects dominating social mathematics learning
environments or with the qualities of pupils´ significant beliefs about the nature of
mathematics, mathematics learning, or mathematical performances can be viewed to
operate behind these interpretative attribution patterns (see Section 4.3 and Section
6.4).576 These components, together with accompanied influential affective responses,
hence essentially build up or support particular patterns in pupils´ mathematical self-
perceptions and self-belief systems and, further, in their personal affective styles or
general personal affective relation to mathematics. 

As given above, one central feature in our study with mathematical affect and self-
perceptions relate to the essential gender-differences found in both of these. This
manifests itself perhaps most clearly in research results with causal attributions for
mathematical successes and failures. As there seems to be a rather clear difference
between males´ and females´ causal attributional patterns for mathematical performances
(see Section 4.4.3), the self-appraisals involved in mathematical causal thinking may
represent a central scene for the different development not only of males´ and females´
self-affects to mathematics (e.g. anxiety) in favor of males, but also of their mathematics-
related self-understandings or self-beliefs.577 The effects of this gender-difference in
attributions can further be considered as strengthened by widely dominating socio-
cultural beliefs about mathematics as a masculine subject domain.578 With respect to these
effects, a special importance is given to pupils´ mathematics ability attributions that,
particularly in mathematics failure situations,579 will result in strong negative responses as
highly intense anxiety arousals to mathematics (e.g., Fennema & Sherman, 1977;
Hunsley, 1987; Pedro et al., 1981). 

The attribution model of cognitive-emotional processes is based on the suggested
dimensions in one´s causal thinking, which according to Weiner (1986) have a central
position in emotional processes. Each of the three dimensions of causal attributions
would uniquely relate to some set of emotions or feelings. Most of the included affective
responses can be joint with pupils´ aroused self-affects to mathematics. The direction of
these aroused affective responses with causal attributions should be determined by
whether a mathematical performance is interpreted by pupils as a positive (i.e. as a
mathematical success) or as a negative (i.e. as a mathematical failure) event. Perceived
successes are associated with such positive affective responses as feelings of good,
happy, pleased, or satisfied; failure is associated with negative affective responses of
anger, depression, fear, and frustration (Weiner, 1986, p. 123-124). The fact that pupils
in general and in mathematics tend to make attributions for failures more often than for
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575 Weiner (1986) labels these kinds of intense and influential positive or negative affective responses
with causal thinking as emotions (see also Section 5.2).
576 E.g., beliefs about the nature of mathematics ability or mathematics importance perceptions (Dweck,
1986; Eccles et al., 1983; Harter, 1985; Hunsley, 1987; Nicholls, 1984). 
577 C.f., Fennema & Hart, 1994; Kloosterman, 1988; McLeod, 1989b; Seegers & Boekaerts, 1996;
Stipek  Gralinski, 1991; Wolleat et al., 1980.
578 See Sections 4.3 and 6.4.3; Fennema, 1989; Fennema & Sherman, 1977; Reyes & Stanic, 1988;
Sherman & Fennema, 1977; Wolleat et al., 1980.
579 See Section 4.4.3; Weiner, 1992b.



their successes (see Section 4.4.3; Kloosterman, 1988; Sowder, 1989b; Weiner, 1992b)
implies the strengthening especially of their negative affective responses to mathematics.
The number, intensity, stability, or extensiveness of these affective responses (Section
5.1) can be viewed to depend on the number of causal attributions in the first place, but
also on the dimensions of pupils´ causal attributions for their mathematical successes or
failures. Consideration of these dimensional aspects in causal thinking leads hence to an
increased differentiation between the aroused affective responses accompanied by causal
ascriptions.  

In Figure 6.2 below we present the cognitive-emotional processes in an (academic)
achievement situation based on the dimensions and Weiner´s (1986) attribution model.
The emotional consequences of pupils´ mathematical self-appraisals reflected in their
causal thinking in mathematics learning will be dealt with below with respect to the
model. As we will see, these affective self-experiences are highly consistent with those
considered in Section 6.2 above.

SUCCESS a) Locus ---------> Pride
Self-esteem 

-----> Happy

Outcome ---------------> Causal  ----------> b) Stabil i ty ---------> Hopelessness 
ascriptions Hopefulness

-----> Frustrated
and sad

(Internal) ---------> Shame
FAILURE Guilt

c) Controllability

(External) --------> Anger
Gratitude
Pity

Figure 6.2. Weiner´s (1986, p. 162, 123) model of cognitive-emotional processes in causal 
attributions

Self-Attributions and Affective Responses

According to the suggestions included in the model, the direction of pupils´ affective
responses are determined by their perceptions of a mathematical success or a failure.
After perceptions of an outcome, together with accompanied affective responses like
relaxation or surprise, the responses based on their causal ascriptions and dimensions
come into play. The most important of these with self-perceptions, according to the
model, should be attached to the locus-dimension in attributions for mathematical
outcomes, including pupils´ understanding of their personal stake, role, features, or
actions in their mathematical performances (Section 4.4.3). Whether they perceive an
internal cause of ability or effort or instead external causes580 for a mathematical outcome,
determines the extent that pupils´ accompanied affective responses are associated with
increases or decreases in their self-esteem or self-worth with respect to mathematics. In
the model, these self-affects are further described as pride, shame, and guilt.581 According
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580 E.g., mathematics task characteristics, chance or luck, i.e., other than self-referent influences.
581 In contrast e.g. to temporarily experienced anger toward other persons, called above affects and
classified among pupils´ highly intense but short-term responses with low extensiveness and without
direct connection to pupils´ self-experiences (see Sections 5.1 and 5.2). 



to general research results with attributions, personal or internal causes582 for a successive
outcome should result in experienced stronger pride than a success attributed to external
causes such as ease of a mathematical task or good luck. On the other hand, mathematical
failures attributed by pupils to personal internal causes, especially to lack of personal
mathematics ability, are prone to result in highly intense negative responses intertwined
with their self-respect, as in extensive and highly intense shame or anxiety in
mathematics learning situations. Instead, mathematical failures with external causes like
mathematics task difficulty, others´ noise, or perceived teacher effectiveness are
accompanied with less intense or less extensive negative affective responses without self-
context and/or with attenuation of experiences of shame.583 The locus dimension of causal
attributions hence makes the central differences between the qualities of experienced self-
affects, but also has importantly to do with the intensity and/or extensiveness of the
aroused affective responses. To summarize this affective dynamics, the most positive,
intense, and influential affective responses, i.e. pride and other positive self-esteem-
related responses, are suggested to be experienced by pupils as consequences of
attributing mathematical successes to the self. The most intense and influential negative
affective responses with low feelings of self-esteem and shame (for uncontrollable
attributions) or guilt (for self-controllable attributions) are accompanied perceptions of
self-related causes for mathematical failures (Weiner, 1992a; 1992b). 

Research results of studies in mathemaics education confirm these inferences. For
example, high mathematics achievements are often viewed as negatively related to
mathematics anxiety (see Section 5.2.3). Accordingly, high achievers generally more
often encounter mathematical successes with positive affective responses, whereas low
achievers have more frequent mathematical failures with negative affective responses.
Furthermore, frequent and significant positive affective responses are experienced by
pupils who have high mathematics achievements and who in addition attribute their own
high mathematics ability to their mathematical successes. Instead, frequent and highly
influential negative affective self-states are experienced by pupils who have poor
mathematics achievements and/or who think of their mathematics ability less often as
causes for their successes and more often attribute low mathematics ability to their
mathematical failures (c.f., McLeod, 1988; Reyes, 1984; Schoenfeld, 1989; Sowder,
1989b; Stipek & Gralinski, 1991). As these two different affective styles or patterns (due
to the locus dimension in attributions) seem to distinguish high mathematics achievers
from low mathematics achievers (e.g., McLeod, 1992; Reyes, 1984; Sowder, 1989b), it
is apparent that pupils with poor mathematics achievements more often experience
lowered self-worth and shame after mathematical performances, whereas high achievers
have more frequent pride experiences with a sense of high self-esteem with respect to
mathematics. 

These perceptions apply also to the found gender-differences in pupils´ attributional
styles in mathematics education research. The fact that females, at every achievement
level, tend to attribute their mathematical failures to internal causes, particularly to their
low mathematics ability584 and their mathematical successes to external causes, whereas
boys are disposed to give more high mathematics ability attributions for their
mathematical successes and external attributions for their mathematical failures (Eccles et
al., 1983; Fennema, 1989; McLeod, 1989a; Stipek & Gralinski, 1991; Wolleat et al.,
1980) will, once again, retain important gender-differences in pupils´ self-affects to
mathematics and mathematics performance situations. With poor mathematics
performances girls, especially at higher educational levels (Wolleat et al., 1980), are then
expected to feel less pride in their mathematical successes and more shame in their
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582 E.g., personality, mathematics ability, high personal effort.
583 C.f., Weiner 1986; 1992b; see also Fennema & Sherman, 1977; Hunsley, 1987; Pedro et al., 1981;
Stipek & Gralinski 1991.
584 The “female attribution bias”; Eccles et al., 1983.





positive or negative affective responses to mathematics, but also the intensity and/or
extensiveness and stability of these responses (c.f., Section 5.1). Hence, the stability
dimension in causal attributions either strengthen or weaken their (positive or negative)
affective self-affects to mathematics,586 causing either promotive or debilitative affective
consequences for their mathematical self-systems. Generally in the model, the affective
consequences of the stability of causal attributions for an event are described as
hopefulness or, in contrast, as hopelessness (Weiner, 1986; see Figure 6.2 above), based
on whether outcomes (with stable causes) are perceived by as success or failures. In both
cases, stable attributions (over the course of time) should strengthen pupils´ expectancies
for similar mathematical outcomes with sensations of hopefulness and assurance or
hopelessness and despair with their future mathematical performances and experiences
(c.f., Stipek & Gralinski, 1991). To combine this affective dynamics with those of the
locus dimension, the most positive and the most negative affective self-consequences are
produced by pupils´ stable internal, i.e. self-referent, attributions for their mathematical
successes or failures, that is, by pupils´ (fixed) mathematics ability or aptitude
perceptions (see also the next section below; c.f., Weiner, 1986). Heightened self-worth
and personal capability experiences, pride, and happiness are accompanied by pupils´
increased sense of confidence and hope for their future mathematical successes, when
their mathematical successes are perceived by them to be caused by their own high
mathematics ability. In contrast, besides frustration or sadness, shame, and lowered self-
worth or sense of incapability, perceptions of low mathematics ability as causes for
mathematical failures relate to pupils´ increased sense of hopelessness with their future
mathematical outcomes (together with low expectancies). In consequence, pupils´
increased or decreased expectancies and sense of hope for their future mathematical
outcomes are significantly intertwined with their reliance on or doubts about their
mathematical abilities, that is, their self-confidence and/or self-efficacy perceptions with
mathematics (Section 4.4.2; c.f. also Bandura, 1993; Carver & Scheier, 1988).587

The number, range, or repetition of stable causes for mathematical successes and failures
further relates to the extensiveness of hopefulness or hopelessness experienced by pupils
in mathematics performance situations. Pupils who reflect frequently or mainly stable
causes for their mathematical failures tend to view these failures as unavoidable and most
likely experience high frustration, mathematics anxiety, hopelessness, and even
depression. In addition, the more global the perceived stable causes for mathematical
failures, the closer to extensive hopelessness or even helplessness, high general
mathematics anxiety, and depression are the affective self-states experienced by these
pupils (c.f., Hunsley, 1987; McLeod, 1992; Pedro et al., 1981; Weiner, 1986; 1992a).
In contrast, the more frequently pupils have mathematical success perceptions with stable
global causal attributions, the more extensive is their certainty or hopefulness for future
mathematical successes. When the number, frequency, and globality of these stable
causes concern mathematics ability attributions,588 the positive or negative affective
consequences of their causal self-perceptions can be regarded as the most numerous,
intense, and extensive in nature. 

Just the opposite or milder are the consequences of pupils´ perceptions of unstability in
their causal attributions that can be viewed to weaken the debilitative negative affective
effects of mathematical failures, but, respectively, also the promotive affective effects of
their mathematical successes. This aspect is, once again, valid particularly for the
affective consequences of pupils´ internal, self-referent attributions for their successes
and failures. The affective power of other categories of causal attributions with the locus
and the stability dimensions (i.e. stable or unstable external causes, unstable internal
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586 I.e., the affective effects of internal attributions on their self.

587 This is where the adopted attributional styles in mathematics learning together with the intertwined
significant affective experiences importantly reflect as well as stabilize the affective responses and 
beliefs with their self with respect to mathematics learning or performance.  
588 As, e.g., pupils´ consistent perceptions of overall high or low mathematics ability or general
intelligence. 



causes) can then be viewed to site between the outlines of the most negative or positive
affective states accompanied with pupils´ mathematics ability attributions. Thence,
unstable attributions (internal or external) for mathematical failures represent more easily
changeable and controlled factors or negative affective responses, like guilt or anger
toward others, than those suggested to be aroused by pupils´ stable causes for
mathematical failures; for example with unstable causes like low temporary effort,
negligence, bad luck, disturbance, or lack of others´ help for their own mathematical
failures, pupils´ hope for future positive mathematical outcomes and experiences may
remain (c.f., Weiner, 1992a). On the other hand, perceptions of unstable attributions for
mathematical successes, like good luck or teacher´s help, tell about pupils´ disbelief or
suspicion of repeated positive mathematical outcomes further weakening their trust or
confidence in future mathematical successes. The resulting positive affective
consequences of mathematical successes (like happiness and pride or gratitude) are then
weakened by this experienced insecurity. Moreover, attributing mathematical successes to
internal causes as temporary high personal effort (i.e. unstable cause) would result less in
promoting affective self-effects than with fixed mathematics ability attributions (i.e.
stable cause), and stable effort attributions for mathematical successes may additionally
produce emotions like satisfied, pleased, and secure not reflected as much with
temporary effort attributions for these successes (Weiner, 1986, p. 123). However,
pupils should cope better with the affective consequences of their perceptions of
mathematical failures as caused by their own low, especially temporary, effort (i.e.
unstable factor) than with the effects of low fixed mathematics ability or low consistent
effort attributions.589

An important and frequently reported attributional pattern concerns the combination of
stable internal attributions (i.e. mathematics ability) for mathematical successes and
unstable external (e.g. luck, others´ disturbance) attributions for mathematical failures
(Fennema, 1989; McLeod, 1989b; 1992; see Weiner, 1986), or stable internal causes for
mathematical failures connected with given external unstable causes for mathematical
successes. In the first case, success attributions would strenghthen or intensify positive
affective responses and promote pupils´ self-experiences with mathematics, whereas
failure attributions weaken negative self-affects with respect to mathematics.590 The latter
case functions just the other way round, producing thus quite opposite affective self-
effects in which success attributions weaken positive experiences of the self with
mathematics.591 The latter pattern in causal thinking is most often referred to as pupils´
learned helplessness pattern in mathematics education research, and more generally the
attributional style of helplessness and depression especially as related to internal, stable,
and global causes (see Section 8.3 below; e.g. Heckhausen, 1987; Peterson & Seligman,
1987; Weiner, 1986).           

These patterns in pupils´ causal thinking also involve a central discriminator between
females´ and males´ mathematics self-affects592 that, however, may vary between young
and older pupils or between high and low mathematics achievers (Fennema, 1989;
McLeod, 1992; Stipek & Gralinski, 1991; Wolleat et al., 1980). According to research
results in mathematics education, females display the learned helplessness pattern in their
causal attributions with respect to mathematics. They consistently more than males
attribute their mathematical successes to unstable, external,593 or internal (high temporary
or external effort) causes and their mathematical failures to stable causes.594 In
consequence, their affective responses with mathematical outcomes are frequently
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589 I.e., stable causes; see also the text below; Weiner, 1986; 1992a.
590 By turning the causes away from the self.
591 The negative self-experiences with mathematics being prone to be intensified or strenghthened by the
failure attributions.
592 McLeod, 1989b; 1992; Reyes, 1984; Stipek & Gralinski, 1991; Wolleat et al., 1980.
593 E.g., teacher´s help, easy mathematical tasks.
594 E.g., low mathematics ability, objective task difficulty.



strongly negative and self-destructive. Instead, males´ more often reflected high
mathematics ability attributions for their mathematical successes and unstable, external
causes (e.g. bad luck, temporarily difficult tasks) or unstable, internal causes such as
lack of temporary effort for mathematical failures, rather seem to further strengthen their
positive affective responses to mathematics, or weaken the negative affective effects of
their mathematical failures or make them avoid these negative self-affects (c.f., Fennema,
1989; Leder, 1992; McLeod, 1990; Pedro et al., 1981; Reyes, 1984; Stipek & Gralinski,
1991; Wolleat et al., 1980). 

Moreover, as females more often than males also tend to perceive their mathematical
performances more as poor or as failures,595 they inevitably more than males get involved
in negative affective self-experiences with mathematics. And, even if they perceive their
mathematical successes to be caused by their personal (internal) factors, they consistently
more likely view these causes to be related to their temporary high or extra effort, i.e.
unstable attributions, with mathematics than to their high fixed (stable) mathematics
ability (Dweck, 1986; Leder, 1992; Reyes, 1984; Wolleat et al. 1980). This aspect,
together with females´ tendency to view mathematical successes as not always achievable
through hard work (Kloosterman, 1988; Stipek & Gralinski, 1991), should then lower
their hopefulness and attenuate their experienced self-confidence with mathematics. All
these aspects in females´ patterns in their causal thinking make their personal
mathematics-related self-appraisals highly disposed to self-defensive thinking and to
strong and frequent negative affective responses to mathematics.596 These kinds of
attributional patterns should then distract girls from the important positive affective
experiences and beliefs of the self with respect to mathematics and hence further from
mathematics learning situations or mathematics learning as a whole.597 Research results
indicating a positive relation between internal, stable causes like mathematics ability for
mathematical successes and pupils´ feelings of high confidence confirm this inference
with causal mathematical attributions. Highly confident pupils are more likely to attribute
their success to high mathematics ability and failure to low personal effort (see
Kloosterman, 1988; Weiner, 1974; see also Malmivuori, 1996b).   

Effects of Self-Control Perceptions on Affective Experiences

The examination of the controllability dimension of causal ascriptions produces an even
finer differentiation between the affective responses and self-states experienced by pupils
with mathematics. We will give a special importance in this to the affective differences
based on the division between self-controllable and self-uncontrollable causes, which we
interpret to imply the basic variation in pupils´ highly influential experiences of personal
agency with respect to mathematics and mathematics learning situations (see Section
4.4.3).598 Within the model and categories of attributions considered above, this aspect
relates especially to pupils´ perceptions of their own effort as causes for their
mathematical outcomes. Instead of the affective responses produced by controllable
external attributions like gratitude, anger, and pity, we look here at pupils´ shame and
guilt responses (see Figure 6.2; Weiner, 1986, p. 150-153) in mathematics learning
situations. In this section our considerations will be made against the framework offerred
by the attribution model. More generally, perceptions of personal control over the
causes599 for mathematical successes and failures implicate positive or negative affective
responses intertwined with feelings of personal power and/or efficiency and
responsibility for mathematics outcomes (c.f., Bandura, 1993; Harter, 1985; McCombs,
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595 Regardless of actual outcomes; e.g. Stipek & Gralinski, 1991.
596 C.f. also McDonald, 1989; Weiner, 1986; 1992a.
597 See Chapter 8; also, e.g., Mandler, 1989.
598 For example, perceived as a more important determinant of intrinsic motivation than perceptions of
one´s competence (see Chapter 8; Bandura, 1994; McCombs, 1989, p. 69; Oosterwegel & Oppenheimer,
1993; Rosenberg, 1985, p. 225; Shapiro, 1987).  
599 I.e., internal, controllable attributions; see Section 4.4.3.



1989; McCombs & Marzano, 1990; Shapiro, 1987). In addition to happiness, pride, and
a high sense of self-worth, pupils should then experience feelings of high personal
power and personal agency with high personal effort (i.e. internal, controllable)
attributions for mathematical successes. Even if, according to the model, successes
perceived to be caused by internal and uncontrollable attributions like high stable
mathematics ability would result in a similar kind of positive self-affects, these do not
produce or confirm pupils´ feelings of personal agency or self-control and hence their
construction of efficient self-systems and self-system processes with respect to
mathematical performances (see e.g. Borkowski et al., 1990; Dweck, 1986; McCombs,
1989). In turn, pride is found to be maximized (or mostly intensified) when success is
attributed to a combination of high ability and effort.  

A clearer difference between the affective effects of internal attributions is made in failure
situations. A mathematics failure attributed by pupils to personal low temporary effort or
negligence should result in their lowered self-esteem and in their feelings of guilt (or
regret, remorse), whereas stable mathematics ability attributions will cause their lowered
self-esteem, hopelessness, and shame.600 Experienced guilt should be among less
debilitative affective self-states and easier to deal with than experiences of shame after
mathematics failures (c.f. also Weiner, 1986; 1992b). After a mathematics failure, pupils
with temporary effort attributions would then preserve, or even increase, their sense of
self-power with respect to mathematics and would not lose their expectancies or hope for
future positive mathematical outcomes (seealso the text above). On the other hand, shame
and guilt are intensified by low ability and low effort attributions for failures (Borkowski
et al., 1990). A lack of sense of personal agency or low feelings of self-power and
personal control in mathematics learning situations should also be experienced601

whenever mathematical failures, and in particular successes, are attributed by pupils to
external causes. External causes for failures602 perceived by pupils as controllable by
other persons may give rise to pupils´ negative affective responses like anger toward
these persons. In spite of this and additional feelings of sadness, pupils may, however,
preserve their sense of self-esteem with respect to mathematics, as well as hopefulness
for their future positive mathematical outcomes. With external attributions for
mathematical successes perceived by pupils as controllable by other persons, in turn,
pupils may feel positive responses like happiness and  gratitude, but no increase in their
feelings of self-power, self-esteem, or personal influence with mathematics. Perhaps
most deleterious effects of causal thinking for pupils´ affective self-states or feelings of
personal agency can be viewed to be produced by such external (stable or unstable)
mathematics success attributions as objective mathematics task characteristics or good
luck, interpreted in the model as uncontrollable by pupils themselves, but also
uncontrollable by other persons.

We may now combine the affective effects of pupils´ self-perceptions due to all of the
three dimensions. These come very close to the ones described in connection to pupils´
self-confidence and self-efficacy perceptions above (Section 6.2 above; e.g. Borkowski
et al., 1990; Eccles et al., 1983; Harter, 1985; Schunk, 1989b). These self-affects
express the most essential core of pupils´ affective self-experience states, i.e., their self-
esteem related affective responses and feelings of high or low personal control and
agency over mathematical outcomes. For example, Bandura (1993, p. 128) views the
affective consequences of causal attributions as mainly mediated through pupils´ self-
efficacy perceptions because of this locus or self-control dimension. Pupils´ feelings of
their personal agency, together with a sense of self-responsibility, is hence importantly
reflected in and further developed by the locus of control603 in their processed attributions,
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600 Or humiliation and embarrasment; see Borkowski et al., 1990; Weiner, 1986, p. 151-153, 162; 1992a.
601 As well as further strengthened.
602 E.g., other pupils´ noise, teacher´s bias.

603 That is, by their perceptions of internal locus of control instead of unknown or external locus of
control or of lack of any control (Bandura, 1986; 1993; Harter, 1985; Rosenberg, 1985; Shapiro, 1987;
Weiner, 1986; 1992a). 



and importantly connected to the general perceived causality or even to a personal belief
system of causality. Accordingly, poor effort attributions or perceptions of low personal
impact and control over mathematical situations and individual functioning or a lack of
belief that hard work or effort would lead to success will result in such powerful negative
affective responses as strong depressions and debilitative learned helplessness pattern in
mathematics learning (see Chapter 8; Borkowski et al., 1990; Dweck, 1986; Reyes,
1984; Weiner, 1986). In the core of these effects, lie pupils´ feelings of hopelessness and
sadness, but also of lack of personal control and agency with respect to mathematics
learning. We connect these consequences especially to frequent perceptions of
mathematical successes as caused by external, unstable, and uncontrollable attributions of
good luck, and of mathematics failures as caused by internal, stable, and uncontrollable
attributions such as low stable mathematics ability or external forces such as luck.

Furthermore, the basic and general gender differences within mathematics causal
attributions will produce variation between boys´ and girls´ experiences of self-control,
responsibility, and agency with respect to mathematics learning. Girls´ tendency to more
frequently than boys gives temporary effort attributions for their mathematical successes,
and boys´ more often attributed personal high mathematics ability for their mathematical
successes seem even to strengthen along with mathematics achievement level (e.g.,
Wolleat et al., 1980; see also Malmivuori, 1996b). Since mathematics is generally viewed
as a highly fixed ability-based subject, girls´ reflections of temporary effort attributions
for their mathematics successes have been generally connected to their lower self-concept
in mathematics, and further to their less positive or more negative affective responses to
mathematics604 than that of boys (see Leder, 1992; Stipek & Gralinski, 1991; Weiner,
1992a). This gender-difference in causal patterns becomes further confirmed by males´
more often reflected external (unstable) attributions such as bad luck for their
mathematics failures, and by females´ (stable) mathematics ability or task difficulty
attributions for their failures.605 These differences could then be related to females´ lack
of hopefulness for and confidence in their future positive mathematics outcomes and to
males´ stronger confidence in their mathematics abilities and future mathematics
successes.606 But in light of the controllability dimension, females´ affective self-
experiences (e.g., affective responses of blame and responsibility; Harter, 1985) may not
be so much more debilitative in nature than that of males.

We view that perceptions of personal high effort as causes for mathematical successes
should be much more promoting for pupils´ sense of personal control, responsibility, and
agency, and hence for the growth of their self-systems and self-system processes in
mathematics than mathematical successes attributed to stable and uncontrollable
mathematics ability,607 as effort-related beliefs about and effort-attributions for successes
are viewed to maximize self-worth and foster self-efficacy or agency perceptions.608

Similar interpretations are valid also for attributing mathematical failures to low individual
and temporary effort rather than external, unstable, and uncontrollable causes like bad
luck (c.f., Dweck, 1986; Harter, 1985). In consequence, even if girls may frequently
have doubts about their good mathematical outcomes and experience low confidence in
their mathematical abilities or achievements, they would much more often than boys face
the power of their own efforts in mathematics learning, hence also getting into contact
with their funtional and agentic self by taking more personal responsibility for their 
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604I.e., anxiety or avoidance desires, learned helplessness pattern against males´ mastery oriented pattern
with mathematics (see Chapter 8). 
605 Fennema, 1989; McLeod, 1989b; Pedro et al., 1981; Reyes, 1984; Wolleat et al., 1980.
606 See Section 4.4.2 above; Fennema, 1989; Hart, 1993; Kloosterman, 1988; Leder, 1992; Malmivuori,
1996b; Malmivuori & Pehkonen, 1997.
607 See also Section 7.2; e.g. Bandura, 1993; Borkowski et al., 1990; Dweck, 1986; Harter, 1985;
McLeod, 1992; Schunk, 1989b.
608 Together with the acquisition and use of new strategies and metacognitive knowledge in general (see
Chapters 7 and 8 below; Borkowski et al., 1990; Malmivuori, 1996b; McCombs, 1989).  



successes as well as failures with mathematics.609 These self-experiences may then exceed
or bear them across the negative affective responses like sadness, insecurity, guilt, and
anxiety, or even promote their future mathematics learning or self-system processes with
mathematics (c.f., Hart, 1993; Hembree, 1990, p. 45; Malmivuori, 1996b; Stipek &
Gralinski, 1991; Weiner, 1992a).610

6.4 Socio-Cultural and Contextual Features in Mathematical
Self-Appraisals and Affect

Our presumption of some kind of evaluative processings or appraisals as needed for
pupils´ often negative and highly intense affective responses to mathematics refers to
their personal affective-cognitive processes in mathematics learning situations.611 More
specifically, we included this affect-cognition dynamics in the functioning and qualities of
pupils´ self-systems and self-system processes with respect to mathematics (see Section
5.4). We also viewed that these mental processes are significantly conditioned by the
various contextual or socio-cultural features of mathematics  or school mathematics
learning, which in fact are suggested to be intrinsic to mathematical development as well
as to the development of school mathematics instruction (c.f., Bishop, 1985; Cobb &
Yackel, 1998). In Section 5.3.3, we interpreted this dynamics behind appraisals and
affect to emerge and develop within a kind of individual-environmental interaction. This
individual-environmental mental interaction behind pupils´ affective responses consists of
an intersection in pupils´ constantly operating minds and personal mathematics learning
processes in which the particular mathematics learning situation, occurrences,
interactions, and task or social  or instructional context612 constitute an external
background scene for pupils´ affective-cognitive interplay in mathematics learning
situations. Pupils´ minds represent the primary and internal operative (i.e. “ongoing”) or
flexible scene in this interplay.613 Fastening of one moment in time in this interplay
means, then, a cross-section of pupils´ particular personal, interpretative and self-
evaluative contents, features, and processes due to various socio-cultural features of
mathematics or to mathematics learning context in that situation. These take place within
pupils´ personality aspects, self-beliefs, mathematical beliefs and belief systems, mental
contents,614 and actions at different levels of their consciousness or self-awareness.
Pupils´ affective self-experiences with mathematics include reflections both from their
perceptions of the self and the mathematics learning environment or social context at hand
(c.f., Greeno, 1991; Selman & Demorest, 1986), but we view self-appraisals intertwined
with their self-system processes or functional self to represent the core of this mental
individual-environmental interaction in mathematics learning situations.615

In accordance with the increased focus on mathematics and mathematics learning
processes as essentially social and cultural in nature (e.g., D´Andrade, 1981; Henningsen
& Stein, 1997; Lerman, 1998; Nunes, 1992; Schoenfeld, 1992), the individual-
environmental interaction, as well as the mental constructions or beliefs with pupils´
affective responses to mathgmatics, are interpreted here to manifest and further develop

149

609 See Section 4.4.2; Leder, 1992.

610 Results of which being then discerned e.g. in females´ greater use of self-regulated mathematics
learning strategies and effort expenditure (see Chapter 8; Malmivuori, 1996b; Seegers & Boekaerts, 1996;
Zimmerman & Martinez-Pons, 1990).   
611 Including their affective states or arousals as considerably influenced by their ongoing mental contents
and processes in mathematics learning or performance situations (see Section 5.3.2; c.f., Izard, 1982, p.
233).
612 I.e., the social mathematics learning environment.

613 This concerns especially the situational act or unique affective experiences with mathematics. 
614 E.g., with previous (similar) affectively tinged mathematics learning experiences.
615 See Section 5.4; c.f., Bandura, 1986; Blasi & Oresick, 1986.



in their social interactions and in social mathematics learning situations (c.f., Lerman,
1998).616 Pupils´ personal and situational interpretations and self-appraisals behind their
affect are very much occasioned by the qualities of these interactions with social
mathematics learning environment. Moreover, these social interactions mediate the
contextual, situational, and socio-cultural features of mathematics and mathematics
learning. Traditionally, this emphasis on social interactions as sources for personal
meaning construction and interpretations of events relates to symbolic interactionism617

(see Burns, 1979; Leahy & Shirk, 1985), but also to the so-called ethnomethodology
(Mehan & Wood, 1975; see Cobb et al., 1992; Underwood, 1992; Yackel & Cobb,
1996) or sociohistorical perspectives of mathematics or of school psychology (Ernest,
1998; Lerman, 1998; Säljö, 1994). In this chapter we follow the recent social-cognitive
or social-constructivist perspectives on learning processes or knowing,618 according to
which the constitution, evoking, as well as development of pupils´ affective-cognitive
interplay and models go through their individual mental and constructive processes.
Accordingly, pupils´ self-interpretative, self-evaluative, and self-executive processes take
place within their interactions with constructions or beliefs and socio-cultural or social
mathematics learning environments.619 More importantly, we attach these interactions to
classroom interactions between pupils and their teacher or to the classical didactic triad of
the teacher, the student, and mathematics.620

This perspective means that we view most environmental influences on pupils´ appraisals
and affective responses as determined by their personal but also influential socio-cultural
interpretative and interactive patterns in school mathematics learning situations. These
socio-cultural features then become individually constructed (transformed) into inchoate
perceptions (e.g. fragments or tendencies), modeled unique experiences, and organized
mental constructions like mathematical beliefs and belief systems621 that then operate as
regulators of or restrictions for pupils´ later personal interpretations and self-appraisals
behind their affective responses to mathematics. The involved situationality and
contextual aspects of school mathematics learning, interpretations, and affective
experiences have been acknowledged not only by references to learning contexts and to
local learning context or simply to contextualized learning (Anderson, 1997) instead of
global learning context (e.g., Partronis, 1997), but also in the recent notions of
mathematical knowledge or learning as situated cognition or knowing (Brown et al.,
1989; Greeno, 1991; Lave, 1988), as local knowledge (Balfanz, 1990), or as relative and
uncertain knowledge (Ernest, 1991; Steffe & Kieren, 1994). Directly connected to
affective responses and arousals, we may in this refer as well to arousal of social
emotions622 in pupils´ mental interactions with external mathematics learning contexts,
and even more specifically to Goldin´s (1988, 1992) distinction between local and global
affect or suggestions for context-dependent competences, including affective
competencies for problem solving. These aspects can be seen to be included also in
Mandler´s (1989) suggestion for a microanalytic approach to learning and emotions with
consideration of the interactions between a task and an individual pupil, in McLeod´s
(1988) examination of affect against various aspects or stages in problem solving, as well
as in Bereiter´s (1990) contextual learning modules by which pupils relate themselves to
the particular environmental situation (see Section 3.4.2). 
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616 Fulfilling in this way their social self and functioning as members of social groups within a school
context (see Section 4.4.1; e.g., Leahy & Shirk, 1985). 
617 The basic ideas of which are provided by Blumer (1969), Cooley (1902), and Mead (1934). 
618 Bandura, 1986; 1994; Bishop, 1985; Björkqvist, 1993; Cobb et al., 1992; Cobb & Yackel, 1998;
Konold & Johnson, 1991.
619 Brown et al., 1989; Frank, 1988; Kieran, 1994; Lerman, 1998; Underhill, 1988; Wozniak, 1986.
620 Bauersfeld, 1988; c.f. also Cobb et al., 1989; Cobb & Yackel, 1998; Ernest, 1998; Leino, 1990;
Reyes & Stanic, 1988; Voigt, 1998.
621 C.f., Cobb et al., 1989; D´Andrade, 1981; Lewin, 1991; Marshall, 1989; McDonald, 1989; Piaget,
1981; Thompson, 1992.
622 E.g., sympathy, disgust or anger (see Section 6.3).



These models and suggestions will be applied in the section below. In this, we will
connect pupils´ mental individual-environmental interactions (and the involved social
interactions) behind their affective responses to socio-cultural features of school
mathematics and mathematics learning as well as to particular additional aspects of
mathematics learning or task-context and situation at hand. By these considerations we
will establish important channels from socio-cultural mathematics learning contexts and
situations to the activation, qualities, and development of pupils´ personal self-
interpretative processes and self-appraisals behind their affect and significant affective
self-experiences with respect to school mathematics. We look especially at the
environmental aspect operating behind pupils´ judgments of their own mathematical
ability, skills, or competence and control over or coping with mathematics and social
mathematics learning situations. Accordingly, the sections below will answer to the
aspects included in the research question 2, that is, these will reveal our
conceptualizations or understandings concerning the dynamics of pupils´ significant
mathematical affect and the social cognition in school mathematics education. 

6.4.1 Interactive and Interpretative Processes Behind Affective 
Responses 

The initial nonrepresentativeness or pragmatic orientation of social constructivist views of
learning or knowing points to the two-way interactions between pupils´ personal
constructions and others´ (held by classmates, teachers, the community, and by the
whole society) constructions or mathematical meanings (Cobb, et al., 1992; Konold &
Johnson, 1991; Steffe & Kieren, 1994). This process of two-way causation (Bandura,
1994) involves the acculturation into the mathematics of a society or of a culture623 that
goes through pupils´ constructing and reconstructing624 of personal mathematical
meanings and mental structures or belief systems, i.e., the objects in the social or
external world are always modified through their individual interpretations and
evaluations.625 These personal systems become then more viable in and better suited for
the socio-culturally determined situations and constructions with mathematics
(Björkquist, 1993; Konold & Johnson, 1991). By these interactions and constructions
pupils then accommodate themselves to mathematical communities to be able to better
understand, communicate, and act within the community, especially within the school
mathematics learning environment (Björkquist, 1993; Cobb et al., 1992). In addition,
social constructions, mathematical meanings, or beliefs of the community are seen to be
affected by pupils´ personal constructions and beliefs, which serve as impacts for
restructuring of social constructions and understandings, at least within classroom
contexts. This view involves the perspective of pupils also as active agents and producers
with respect to their social mathematics learning environment and reality (c.f., Bandura,
1993; Cobb et al., 1992; Cobb & Yackel, 1998; Lerman, 1998; Voigt, 1998).

Recent socio-cultural studies have stressed mathematics classroom interactions, or the
customs of the microculture of the classroom (Voigt, 1998) as the channels for the
negotiations and development of mathematical meanings, and in particular those taking
place between teacher and pupils. This line of research concentrates on the role of
classroom discourses, verbal communication, or language as the mediators and
developers of mathematical social concepts, beliefs, or meanings, and modes of
mathematical activities and interpretations in instructional settings.626 Hence, we may
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623 I.e., ethnomathematics (D´Andrade, 1981; Nunes, 1992). 
624 I.e., through the so-called cognitive discrepancies between pupils´ worldviews  and more developed
worldviews as, e.g., of teachers.
625 See also Sections 4.1 and 5.3.1; Bickhard, 1991; Cobb, et al., 1992; Konold & Johnson, 1991. 
626 See also Section 8.4; Bishop, 1985; Brown, 1996; Brown et al., 1989; Cobb et al. 1989; 1992;
Ernest, 1998; Frank, 1988; Haladyna et al., 1983; Lave, 1988; Lerman, 1998; Nunes, 1992; Underhill,
1988.



attach these influential aspects also to the interpretations and appraisals behind pupils´
affective responses to mathematics. In school mathematics learning situations these
interpretations generally relate to the contents of mathematics, but also significantly to the
modes of involved actions and communication such as rhetoric styles for both written
and spoken mathematics (Ernest, 1998). These mediated forms of interpretations are
referred to as taken-as-shared mathematical meanings, practices, or reality, or, more
recently, as taken-to-be-shared mathematical meanings (Cobb et al., 1992; Cobb &
Yackel, 1998; Voigt, 1998). According to Voigt (1998, p. 204), the teacher and the
students create a network of mathematical meanings taken-to-be-shared. He calls this a
mathematical “theme” or a topic of discourse that is constituted interactively and that
changes through the negotiation of meaning.627

Besides verbal or written communication in social interactions, Bandura (1994) speaks
about symbols as powerful means for communicating processes through which
individuals can construct all the different aspects (e.g. tones of voices or smell, visual
perceptions, emotional climate) of a learning situation.628 As affectively toned mental
constructions or information and appraisals are often held and reflected by pupils in
nondescript and preconscious (or unconscious) forms, the internal experience and
external expression of these are more based on symbolic than verbal understanding and
communication.629 Symbolic communication can thence be especially fruitful for looking
at the communication and development of particular kind of social emotions or affective
constructions and responses to mathematics in social environment. All the different
environmental and social signs,630 models, or practices (e.g. judgment or behavioral
models) as well as concepts, constructions, and beliefs or symbolic systems encountered
by pupils in a mathematics classroom631 can be viewed to constitute the sources,
boundaries, and guides for pupils´ particular kinds of interpretations, constructions, and
internalizations reflected also importantly in the qualities of their self-appraisals and
significant affective responses and experiences with mathematics (c.f., Brown et al.,
1989; Cobb, et al, 1989; 1992; Frank, 1988; Hewstone & Macrae, 1990; Lave, 1988;
Lewin, 1991; McLeod, 1989a; 1992; Nunes, 1992; Schoenfeld, 1983; 1985a; Steffe &
Kieren, 1994; Thompson & Thompson, 1989; Voigt, 1998). In this interplay the
different forms of communicative actions and socio-cultural beliefs produce in pupils the
information from their social school mathematics reality,632 and hence also from their
social self in a mathematics learning situation (see Section 4.4.1). 

Thus, the traditional form of mathematics classroom discourse involving, for example,
pupils´ right answers to teacher´s questions, or paying attention to teacher´s explanations
(see Bell et al., 1992; Frank, 1988; Stodolsky et al. 1991; Underwood, 1992), does not
indicate only the generally supported and traditional forms of mathematical teaching and
learning practices and related features of school mathematics context, but mediates the
socio-cultural understandings of the nature of mathematics, of mathematics learning, of
mathematical performances, and/or of mathematical problem solving. These forms of
discourse further significantly reflect the particular roles and competences that pupils and
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627 C.f., Cobb & Yackel, 1998; Lerman, 1998.
628 And even transcend the sensory experiences of a situation. 

629 E.g., in the form of shared event knowledge (see Keller & Killen, 1994) or taken-as-shared beliefs and
emotions (Cobb et al., 1992; see also Section 5.3). 
630 Like aspects of instructional settings, order in the classroom and language used, or discrete signs as
aspects of mathematical tasks or problem solving. 
631 I.e., social constructions, beliefs, and models or with other contextual or situational features reflected,
supported, and developed by the scientific mathematical community, by the school (mathematics) 
community, and by mathematics teaching and education communities, and/or within the whole society
and even within different cultures and nations (see the next section below; e.g., Bishop, 1985; Brown et
al., 1989; Thompson & Thompson, 1989; Yackel & Cobb, 1996). 
632 Mediated again by more knowledgable members of the culture (e.g., Säljö, 1994). 



teachers should have in mathematics classroom context.633 Finally, these perspectives on
interpretative constructive processes stress that pupils´ mathematical constructions,
perceptions, and appraisals are individual, situational, contextual, as well as socio-
cultural in nature. So are their significant affective responses to and experiences with
mathematics (as well as the forms of mathematics learning actions and self-regulatory
behaviors intertwined with their affective responses to mathematics; see Chapters 7 and
8). Even if the socio-cultural environment and learning with mathematics are closely
intertwined with and importantly influence pupils´ formation of interpretations, beliefs,
appraisals, and behavioral models with mathematics, we see pupils functioning always as
active filters and producers of their own significant interpretations, constructions,
appraisals, and affective responses to mathematics. The personal mental processes and
states with affect are most significantly based on the qualities of pupils´ metalevel, self-
reflective and self-regulatory, personal abilities and mental contents, processes, and
affective self-states within social mathematics learning environments.634 In this sense, we
view the social school mathematical reality or contexts as secondary to pupils and their
appraisals or functioning in mathematics learning situations (c.f., Ernest, 1991).       

In accordance with the perspectives of social interactions and constructions operating
through highly automatic or weakly conscious personal processes (see, e.g., Lave, 1988;
Lerman, 1998; Cobb & Yackel, 1998), the centre of our interactional analysis with social
mathematics learning environment and with pupils´ operating mind is attached here to
their  mostly preconscious and/or automatic level of mental activity635 and to their unique
and personal interpretative processes in mathematics learning or performance situations.
The socio-cultural and contextual features then become mediated through their
“perceptual or interpretative filter” intertwined with their activated self-understandings
and significant mathematical belief systems at a mathematics learning situation in
classroom interactions (c.f., Leventhal, 1982; Mandler, 1989).636 Accordingly, pupils´
personal and unique situational mental processes or appraisals and the various social or
contextual features can be considered as complementary or coimplicative features
influencing their affective responses to mathematics.637 In this, significant socio-cultural
mathematical constructions, beliefs, and models serve as functions,638 as well as as
motivators or embedders (c.f., Lewin, 1991) for pupils´ further personal mathematical
self-interpretations, beliefs, and behavioral models behind and with affect. Within the
framework of pupils´ mathematical knowing, Cobb et al. (1992, p. 21) refer to three
complementary or interactive components or socio-cognitive perspectives: “students´
personal ways of knowing, the taken-as-shared mathematical practices of the classroom
community, and the taken-as-shared mathematical practices of the wider society” (see
also Section 8.4; Paris & Winograd, 1990; Steffe & Kieren, 1994). These perspectives
can be applied to affective arousals and responses in the form of pupils´ personal ways of
interpreting and self-evaluations, the involved taken-as-shared mathematical beliefs and
practices of the school or classroom community, and the taken-as-shared mathematical
interpretative and affective practices of the wider society. 

The various contextual or situational aspects and channels or persons influencing pupils´
individual-environmental mental interactions behind their affective responses in
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633 See the sections below; Cobb et al., 1989; Frank, 1988; Garofalo, 1989; Harter, 1985; Stodolsky et
al., 1991; Underhill, 1988; Underwood, 1992; see also Chapter 8; Lewin, 1991.
634 See Section 5.4 and Chapter 7; e.g., Bandura, 1993; McCombs & Marzano, 1990; Nunes, 1992.
635 I.e., to their habitual and well-patterned behaviors or mental acts (see also Sections 5.3 and 7.4; e.g.,
Scheier & Carver, 1982). 
636 From which the environmental effects then may be promoted to their awareness as aspects or contents
of their conscious (i.e., experienced) mental processes, or, more directly or indistinctly, 
(simply) as their experiences of affective responses or of implicated behaviors with mathematics. 
637 C.f. also Steffe & Kieren, 1994.
638 E.g., as prompters, affective arousers, and shapers of beliefs, values, or conceptions of mathematical
reality; Bandura, 1994; Brown et al., 1989.



mathematics learning or performance will be examined next. Examples of socio-cultural
mathematical beliefs and other environmental conditions for personal interpretations and
self-appraisals behind affect are given in Section 6.4.3 below.       

6.4.2 Contextual and Situational Aspects in Pupils´ Affective Arousals 

In contrast to more traditional macroanalytic analyses,639 Mandler (1989) suggested a
microanalytic approach in educational research to the examination of the affective-
cognitive interplay in pupils´ interactions with their mathematics learning environment.640

Garofalo & Lester (1985), in their model of metacognition and self-reflection, view
pupils´ self-assessments to consist of their task perceptions, their strategy perceptions,
and their person-related perceptions or self-perceptions.641 These perceptions are further
intertwined with their beliefs and knowledge about self and mathematics or mathematical
problem solving. In Boekaerts´ (1995) heuristic model for affective learning processes,
self-appraisals were viewed to occur with respect to pupils´ perceptions of the task and
the physical, social, and didactic context, their activated domain-specific knowledge and
beliefs, and to their personality traits or self-beliefs (see Section 6.1). In school
mathematics learning context, task-related self-appraisals are also importantly determined
by the used socio-cultural mathematical representations in curriculum or in instructional
materials, as well as by specific mathematics task features or cognitive demands. These
features are importantly set up or mediated by the teacher´s personality features, beliefs,
and activities,642 and, in turn, influenced by the mathematical knowledge, beliefs, and
practices of the wider mathematical or school communities or of the society (Cobb &
Yackel, 1998; Ernest, 1998; Malmivuori, 1994).  

The various notable external aspects influencing pupils´ mental individual-environmental
interaction behind their self-appraisals and affect with mathematics can be analysed by
paying attention to the significant features of a mathematical context or task at hand, or to
the role and aspects of the significant other persons participating the social mathematics
learning situations. These external components or factors of social environment,
especially in school mathematics learning, can be referred to as contextual functions
influencing pupils´ individual-environmental interaction behind their affect. Hence, the
various situational and environmental features, persons, or conditions for pupils´ self-
interpretations and constructive processes with mathematics and with affect can be
described as varying values of these contextual functions that represent various influential
circumstances, conditions, practices, changes, or occurrences (e.g., occurrences of
fortuitous encounters, Bandura, 1994; p. 5513) in mathematics learning or performance
situations, especially within the classroom context, the school context, or home context.
At first, we may divide the consideration of the features of the contextual functions into
task-related contextual factors and appraisals or other external influences.  

Task Contexts and Mental Interaction

We may regard situational or more stable task characteristics as direct environmental
influences on or contextual functions behind pupils´ appraisals and affective arousals.
These include the demands or qualities of task-directed cognitive processes activated in
mathematics learning situations. The significant personl aspects or occurrences in mental
individual-environmental interaction behind affect concern, then, both the task-related
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639 E.g., correlational relations between general mathematics achievements and affective responses with
mathematics.
640 See also Wozniak, 1986, p. 41.
641 Results of these perceptions or self-assessments determine the quality of pupils´ performing and
metacognitive activities or skills, including their accompanied affective responses (see Section 7.1).
642 See Sections 4.3 and the text below; e.g. goals, personal mathematical knowledge and beliefs, and
knowledge or beliefs about pupils.



mental contents of pupils´ operating mind, and the properties of their ongoing mental
(cognitive) processes.643 Generally, the often high cognitive demands or the level of
complexity are attached to mathematics, to mathematical problem solving, or generally to
environmental or contextual aspects of doing and learning mathematics. High demands
are daily set for pupils´ ongoing cognitive processes and successful problem solving in
the form of nonroutine, higher level, and/or difficult mathematical tasks or particular
stage in activated mathematical problem solving behaviors (c.f., McDonald, 1989;
McLeod, 1988, Tobias, 1977). Higher complexity, long duration, and high demands
make cognitive processes susceptible to various declining factors and generally cause
more stress, interruptions or blockages in ongoing mental processings compared with
routine classroom activities (c.f. Section 5.3.2; Buxton, 1981; Henningsen & Stein,
1997; McLeod, 1988, 1994). These kinds of demands easily activate task-irrelevant
cognitions or off-task behaviours not directed at doing the task, serving thence as
occasions for pupils´ redirection of their attentional mechanism and for an immediate
evoking of their unpleasant self-appraisals and self-judgments with accompanied (most
often negative) affective arousals (Mandler, 1984; 1989; McDonald, 1989; McLeod,
1988; 1989a; Sarason, 1987; Simon, 1982). 

According to the structural cognitive approaches to affect (see Sections 5.3.1 and 5.3.2),
high complexity of a situation and high demands set for mathematics learning or
performance processes give rise to a deep and extensive activation of sets of their mental
constructions and structures or beliefs, accompanied by numerous and probably also
intense stored (i.e. previous) mathematical affective responses or arousals (c.f., Clark,
1982). The more demanding or complex a situation or a task, the deeper the activation of
sets of mental structures (Marshall, 1989). Systematic variation of real task parameters
such as difficulty or complexity of mathematical contents, organization of mathematical
tasks or problems, or the degree to which mathematical tasks call for memory, or instead
variation in the evaluative aspects in pupils´ task performances may have significant
direct effects for their appraisals and self-affects like anxiety arousals during
mathematical performances.644 For example, negative affective responses are often
attached to such subject matters as mathematics word problems, mathematical problem
solving or using manipulatives, whereas mainly positive feelings are connected to using
calculators or basic calculus operations (Schoeder, 1991). In addition, frequent use of
weird, unusual, or complex problems, puzzle problems, too difficult mathematical
problems, or an open-endedness in the problems, as well as complexity in lessons, have
been seen to challenge pupils´ feelings of confidence with mathematics and to cause
negative affective reactions among pupils (Adams, 1989; Hart, 1993; Lester et al., 1989;
Mandler, 1989; Marshall & Weinstein, 1984; McDonald, 1989; McLeod, 1988; 1989a;
Schoenfeld, 1985a; Smith, 1989; Sowder, 1989b), whereas a reduction in these factors645

is suggested to increase positive responses like enjoyment, confidence, or experience of
easiness with mathematics (Hart, 1993; Smith, 1989).

Moreover, pupils´ self-interpretations and related affective responses to mathematics may
vary within a particular problem. Pupils´ evaluations of cognitive demands or of the
different cognitive stages that pupils go through when solving a mathematical problem
may be importantly linked to specific appraisals and hence particular kinds of (often
negative) affective arousals.646 McLeod (1988) refers to this kind of direct environmental
influences and affective consequences of these kinds of interactions by the notion that the
different stages in problem solving processes, defined by Pólya (1945),647 may have
different effects on pupils´ arousals of affective responses during mathematical problem
solving performances. Thereby, affective responses (as e.g. frustration) aroused while
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643 I.e,. their mental acts (Section 5.3.2; c.f., Wozniak, 1986). 
644 Mandler, 1989; McLeod, 1988, 1989a; Sarason, 1987; Schoenfeld, 1985a; Tobias, 1977, p. 240.

645 Or e.g., providing of sufficient reference material for pupils (see also the text below).  
646 C.f., Adams, 1989; Marshall, 1989; Weiner 1992b.
647 As: 1) understanding a problem; 2) planning; 3) plan execution; and 4) considering the solution.



trying to execute a plan to solve a mathematical problem would be more intense and of
less duration than those (e.g. increased excitement or slight doubt of a failure) aroused
when looking back at the solution of a problem.648 The qualities of individual-
environmental mental interactions behind pupils´ affective arousals and responses to
mathematics can further be explained by looking more closely at the discrepancy aspect
of the structural models of affect (see Sections 5.3.1-5.3.2). Accordingly, the
discrepancies result from the discrepancies between occurrences and expectancies or pre-
expectations within the schematic approaches and expectancy-value models of cognitive
learning behaviours,649 and hence from the discrepancy between pupils´ activated mental
processes or contents and those task-related features or demands supported or needed by
the mathematics learning context at hand. Like high cognitive demands, these
discrepancies would produce cognitive interruptions, mental blockages, or a violation of
anticipated actions together with accompanied self-referent evaluations and mostly
hindering intense affective reactions (Mandler, 1989; McDonald, 1989). We can make a
basic division in regard to the qualities of this kind of (mental) individual-environmental
interaction between a positive interaction case involving high compatibility and a negative
interaction related to low compatibility or high discrepancy between pupils´ cognitive
states, activated mental processings, or mathematical beliefs and the environmental
occurrences in or qualities of a particular mathematics learning situation or a task
performance (c.f. also McLeod, 1988; 1990; 1994).

In a positive interaction case, pupils´ mathematics learning or performance processes can
be viewed to proceed fluently, without difficulty, along with their habitual mathematical
beliefs systems, pre-expectations, or planned cognitive actions. The proceeding of their
expected or planned actions, along with their activated personal mathematical belief or
goal structures and intentions in high consistency (i.e. low discrepancy) with their
perceptions of the events (e.g. perceptions of the task), would then result in only a small
amount of affective arousal and background feelings and moods like hope.650 Moreover,
satisfaction of intentions in transactions are generally viewed to mediate a range of states
and expressions of positive affective arousal (Bearison, 1986). Instead, the negative
interaction case with affective responses and arousals is associated with pupils´ negative
self-beliefs and expectancies of mathematical outcomes or with unexpected events. The
high discrepancies or low compatibility between the environmental events or contextual
mathematical aspects and pupils´ ongoing performance processes would be intertwined
with disturbances, interruptions, blockages, and inconveniences with the frustration of
their mathematical intentions, and further with high degrees of autonomic physiological
arousals and self-appraisals experienced as highly intense, short-term, and often negative
affective responses such as anxiety in mathematics learning situations, or as longer-term
affective states such as negative moods.651

Especially, when the problem statements or the problem itself is unusual or perceived by
pupils as difficult to understand, the evoked personal mathematical beliefs and daily
understanding of mathematics can be seen to conflict with their observations. What
results is mental blockages and negatively toned evaluations of the possibilities for
solving the given problem, together with highly intense negative affective responses.
Similar blockage situations can be viewed to recur during the solving processes, when
solving attempts do not lead to any reasonable results or result in unexpected pauses or
stickings while trying to solve the given problem. Mathematical problem solving studies
have indicated several rather consistent belief constructions among school pupils that
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648 These responses are further importantly intertwined with the qualities of pupils´ personal beliefs about
mathematics, about mathematics learning goals, and with the qualities of their self-regulatory behaviours
(see Sections 4.3.2, 6.4.3 and 7.4; e.g., Mandler, 1989; Messick, 1987; Scheier & Carver, 1982; Weiner,
1986). 
649 Or, also as an indication of schema-incongruity instead of schema-congruity with the event (Mandler,
1982; 1989).
650 C.f., Clark, 1982; Mandler, 1989; Scheier & Carver, 1982.
651 See Section 5.3.2; Mandler, 1989.



reflect traditional and unflexible approaches to mathematics, giving rise to these kinds of
mental blockages. These beliefs and approaches are due to poor understanding of
mathematical problems or concepts, and to pupils´ restricted individual applications or
use of mathematical knowledge, together with involved unflexible use of mathematical
problem solving or metacognitive strategies (see Section 4.3 and 6.4.3; e.g., Frank,
1988; Garofalo, 1989; McLeod, 1988; Schoenfeld, 1983; 1985a; 1989; Sowder, 1989b).
Poor consistency between these kinds of found belief constructions, or often
misconceptions,652 of the nature of mathematics or of mathematics problem solving and
the demands needed for solving especially unusual mathematical problems results in high
frequency of mental discrepancies with experiences of highly intense negative affective
responses to mathematics such as frustration and anxiety (McLeod, 1988; Sowder,
1989b). These discrepancies are most deleteriously then interwined with pupils´ self-
doubts of their own mathematical abilities or competence and worry about unattained
objectives or success or fear of failure, the frequence and poor management of which
then embellish their future affective experiences with mathematics as well as the further
development of their mathematical skills (see Sections 5.3.3 and 7.4.1; e.g., McDonald,
1989).                  

Mandler (1989) connects the intensity of these kinds of affective reactions further to the
extensiveness of the cognitive discrepancy between expectancies and occurrences. Totally
unexpected mathematical occurrences (e.g. unanticipated failure) result thence in the most
intense affective responses to mathematics.653 Furthermore, activation of well-established
schematic structures, thinking paths, or belief systems within a particular mathematical
context involves a (preconscious or unconscious) mental state, mental operative path, or
a state of mental activity with effortless processing chains, i.e., the automaticy of pupils´
mathematical learning or performance processes.654 Pupils´ performance processes go,
then, along with their highly expected and pre-evoked or systematized belief systems and
thinking paths, without high personal exertions or constant allocations of their own
cognitive resources (Mandler, 1989; McLeod, 1990; Parkin, 1990; Scheier & Carver,
1982; Silver, 1987). According to McLeod (1988), highly extensive mental discrepancy
cases apply especially to situations in which pupils encounter an unusual mathematical
problem after getting used to solving routine mathematical tasks with the activation of
highly common beliefs and organized solving actions or procedures. More generally,
whenever contextual events suddenly support or demand totally different cognitive
behavior from pupils than those anticipated and activated by their routine beliefs and
expectations, mental blockages filled with rapid eliciting of strong affective responses,655

together with low control over these reactions, will be accompanied (Mandler, 1989;
McLeod, 1989a; 1989c; Parkin, 1990; Sowder, 1989b; see also Section 7.4). 

Other Significant Contextual or Situational Factors Behind Affect

The significant other persons involved in mathematics learning situations can be
considered both as channels and contextual functions in pupils´ individual-environmental
interaction and their self-appraisals and affect with mathematics. As referred to above, the
most influential of these related social interactions and modes of communication take
place between pupils and their teacher.656 Teachers as authorities have the most central
role in constituting the individual-environmental interactions and the school
performances, or the social mathematics learning context. Moreover, the personal
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652 E.g., there is only one right answer, few steps, and rapidity needed for mathematical problems (Frank,

1988; McLeod, 1988; Sowder, 1989b). 
653 C.f., Bandura, 1986; McLeod, 1988.
654 In contrast to their highly deliberate or conscious mental processes (see also Section 5.3.2).
655 Or processing of affective information (Silver, 1987).
656 E.g., Cobb et al., 1989; Cobb & Yackel, 1998; Haladyna et al., 1983; Hart, 1993; Schoenfeld,
1985a.



relationships and interactions between pupils and the teacher have important direct
impacts on pupils´ interpretations and affective experiences with mathematics (Frank,
1988; Garofalo, 1989; Malmivuori, 1994). The teacher´s not necessarily conscious
instructional actions, practices, mediation of their own or socio-cultural mathematical
knowledge and beliefs or social mathematical and educational or school norms, as well as
affective responses and dispositions within the classroom and the school context
constitute the significant sources as well as conditions for pupils´ constructive and
interpretative processes with mathematics657 and, hence also for the qualities and
development of their self-appraisals and influential affective responses to mathematics. 

In the school learning context, the acceptance or confirmation of pupils´ particular kind of
mathematical activities, knowledge, affective responses, and actions is always highly
occasioned by the teacher´s personal and unique interpretations, perceptions, and
judgments directed toward pupils (see, e.g., Ernest, 1998; Lerman, 1998, Reyes &
Stanic, 1988). These derive from or are mediated along with the teacher´s own personal
mathematical, school, or classroom history, and his or her beliefs, expectancies,
attitudes, values, goals, interpretations, and/or affective responses attached to
mathematics or mathematics teaching, to pupils as mathematics learners (Fennema &
Loef, 1992; Hart 1993; Reyes & Stanic, 1988; Thompson, 1992), or to themselves as
mathematics teachers and learners (Midley et al., 1989). More specificaly, this idea can
be seen to be reflected in his or her interactions and discourses with pupils or in general
classroom management, instructional activities, goals, or strategies with mathematics
instruction or mathematical tasks, and in teaching materials used.658 However, these
forms of interactions and classroom discourse efficiently reflect also the beliefs,
interpretations, responses, discourses, and practices of “school mathematics” and
mediate the more general socio-cultural mathematical knowledge, beliefs, values,
responses, practices, and forms of judgments held and reinforced by the school, by
mathematical communities, by instructional communities, or by the wider society (see the
next section; Ernest, 1998; Henningsen & Stein, 1997; Imai, 1993; Schoenfeld, 1992;
Underhill, 1988; Yackel & Cobb, 1996). The teacher represents mathematical claims and
the tradition of mathematics education, as well as that of the mathematical community
(Voigt, 1998; Yackel & Cobb, 1996). 

For example, the level of stress in mathematics learning situations may importantly be
affected by things such as competitiveness, frequent use of tests, significant other
persons, and other environmental conditions like the noise in classroom (Hart, 1989a;
Kulm, 1980; Leder, 1992; Norwich, 1987; Reyes, 1984; Schoenfeld, 1983). Especially,
the teacher´s applied instructional activities such as the use of evaluative or nonevaluative
learning events or contexts may substantially increase the experienced personal stress and
anxiety or the pleasantness and enjoyment with mathematics. Furthermore,  teacher
factors may relate to other contextual functions as the grade level, contextual demands, or
the characteristics of mathematics courses. research results of high anxiety in remedial
courses and lower anxiety in more advanced courses are examples of this kind of
additional incluences (c.f., Cobb et al., 1989; Ernest, 1998, Hembree, 1990;
Schoenfeld, 1983; Wigfield & Meece, 1988). Other studied influential teacher-related
contextual functions in pupils´ self-appraisals or affect with mathematics include such
factors as the nature of the teacher-student relationship or the number of these interactions
and the quality of teacher feedback, praise or reinforcement.659 In addition, pupils´
perceptions of their teacher´s negative views of mathematics, device of motivation, or
pupils´ favor toward the teacher have been found as related to pupils´ self-concept, value
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657 C.f., Cobb & Yackel, 1998; Hart, 1993; Henningsen & Stein, 1997; Kulm, 1980; Lave, 1988;
Schoenfeld, 1985a; 1992; Stodolsky et al., 1991; Yackel & Cobb, 1996.
658 Haladyna et al., 1983; Hannula & Malmivuori, 1996; Helmke, 1994; Kulm, 1980; Marshall &
Weinstein, 1984; Reineke & Putnam, 1991; Risnes et al., 1999; see also Aiken 1976; Imai, 1993;
Jones, 1990; Leder, 1992; Relich & Way 1993; Reyes, 1984; Schoenfeld, 1985a. 
659 Cobb et al., 1992; Fennema & Hart, 1994; Haladyna et al., 1983; Hart, 1989b; Helmke, 1994;
Marshall & Weinstein, 1984; Reyes, 1984.



or enjoyment of mathematics, or anxiety experiences (Hembree, 1990; Imai, 1993).
Furthermore, such important teacher characteristics or states as the teacher´s personality,
enthusiasm, fairness, commitment, devotedness, interest in problem solving, and the
sex-role stereotyping by the teacher in classroom or the amount of teacher control during
lessons may have significant impacts on pupils´ perceptions and self-appraisals (c.f.,
Cobb et al., 1989; Grows & Cramer, 1989; Haladyna et al., 1983; Hart, 1989a). The
kind of social interactions and behavioral occasions the teacher creates, supports, or
avoids have a powerful impact on pupils´ self-appraisals and affective self-states also by
supporting, helping, or hindering pupils´ active self-reflection and self-regulation in
mathematics learning situations (Section 8.4; e.g., Brown et al., 1989; Reineke &
Putnam, 1991). Finally, influences of all these teachers´ constructions, forms of
interpretation, and actions in the mathematics classroom may directly be discerned in
pupils´ positive or negative attitudes toward mathematics or toward self as mathematics
learners.660

Other influential person-related contextual functions for pupils´ interpretations and
appraisals behind significant affect to mathematics include their interactions with their
classmates and peers, with their parents, sisters, and brothers, or e.g. with their
instructional counsellors (Aiken, 1970; 1976; Eisenhart, 1988; Leder, 1992; Tocci &
Engelhard, 1991). Classmates represent the usual sources of pupils´ competitive
standards or sources for the external or social comparison for their own judgments of
their mathematical performances, abilities, actions, efforts, and achievements, especially
for older children (see Sections 4.4.1 and 6.1; e.g., Bandura, 1993; Leahy & Shirk,
1985). For example, learning groups´ beliefs about or attitude toward mathematics or
level of self-confidence with mathematics may directly influence individual pupils´ self-
confidence reflections or their perceptions of mathematics importance (Hannula &
Malmivuori, 1996; Haladyna et al., 1983; Harter, 1985; Risnes et al., 1999). The family
context and constructions are highly influential, especially for the early development of
pupils´ approaches to and interpretations with mathematics and mathematics learning
situations.661 These contexts have strong impacts on how pupils come to interpret and
evaluate themselves as mathematics learners and knowers. For example, parents´
encouragement and their own positive mathematics attitudes or expectations are viewed to
generate pupils´ more positive attitudes toward mathematics and toward self and to
weaken their experienced anxiety (Armstrong & Price, 1982; Fennema & Sherman,
1977; Haladyna et al., 1983; Leder, 1982; Sherman & Fennema, 1977; Tocci &
Engelhard, 1991). Moreover, pupils´ perceptions of their parents´ negative views of
mathematics seem to directly correlate positively with anxiety (Hembree, 1990). These
contextual factors are significantly derived from or mediated through these significant
other persons´ own mathematical or school history, beliefs, attitudes, responses, goals,
expectations, values, and activities directed toward mathematics or toward these pupils as
mathematics learners and performers. Furthermore, they mediate the widely held general
socio-cultural beliefs, norms, appreciations, and affective responses related to
mathematics and its learning, but also those prevalent within the socio-economic
reference groups of the family (Reyes, 1984). The influences of these kinds of contextual
factors are reflected e.g. in the found general gender differences in mathematics and in
mathematical attitudes, beliefs, goals, and expectations, or in similar differences due to
race or socio-economic status (see also Sections 4.3.-4.4., 6.1.1, and 6.4.3; e.g.,
Lerman, 1998; Reyes & Stanic, 1988).

Some other highly meaningful communicative influences can be viewed to operate as
contextual functions in pupils´ mathematical individual-environmental interactions behind
their affect. These consist of the written aspects of mathematics learning in the form of
the qualities and interpretative framework reflected through mathematics textbooks,
mathematical tasks, problems, tests, and other kinds of mathematics instructional
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660 Aiken, 1970; Haladyna et al., 1983; Imai, 1993; Karjalainen, 1982; Leder, 1992; Reyes, 1984;
Sherman & Fennema, 1977.
661 E.g., Aiken, 1970; 1976; Anderson, 1997; Eccles et al., 1983; Eisenhart, 1988; Fennema, 1989;
Leder, 1992.



material, i.e., the significance of the written word (Säljö, 1994) daily used in
mathematics classrooms, This is mediated especially by the teacher and his/her
mathematics instructional practices,662 but also in everyday lives through texts and
presentation of mathematics (Joran et al., 1995; Lave, 1988) that again reflect the general
socio-cultural knowledge, norms, beliefs, goals, values, activities, and discourses of the
wider mathematical communities, educational communities, or of the society (Cobb &
Yackel, 1998; Ernest, 1998). Through the aspects of these contextual functions pupils get
their understandings of mathematical concepts, topics, and thinking, but also of
significant mathematical beliefs about the nature of mathematical abilities, the ways
mathematics should be learned, presented, or used, and what kind of mathematics is
difficult, valuable, or useful (see the next section below), all reflected further in their self-
appraisals and affect with mathematics. In addition, more and more often pupils´
interpretations and self-appraisals behind affect proceed through or depend on computers
and the designed programs or instructional open environment for mathematics learning
that constitute individual-environmental interactions different from the ordinary social
classroom context (see Section 6.4.2). Finally, a central basis of all the classroom
interactions or individual-environmental interactions and socio-cultural impacts are
largely determined by the qualities of the socio-cultural written as well as “hidden” school
mathematics curriculum of the society, of the community, or of the school (see also, e.g.,
Kulm, 1980; Leder, 1992), i.e., in the official but also the unnoticed (i.e. not
consciously mediated) and in the historical basis for the contextual aspects, interactions,
and mathematical beliefs. these are mediated through mathematics textbooks and school
mathematics in general, but also in the general socio-cultural mathematics teaching and
learning practices intertwined with the mediated socio-culturally valued norms, forms of
mathematical knowledge, usage of mathematics, and sets of mathematical beliefs,
preferences, attitudes, as well as with affective responses toward mathematics and its
learning and teaching. These form thence a basis also for the development of significant
personal mathematical beliefs and self-interpretations or self-evaluations with respect to
school mathematics.663 This contextual function with curriculums may differ by race,
gender, and socio-economic status of the pupils, of the classroom, or of the school
(Reyes & Stanic, 1988).  

As referred to above, all the contextual functions in mathematics classroom microculture
have their connections to larger socio-cultural, organizational, administrative, or
economic features of mathematics and mathematics education, i.e., to the macroculture of
mathematics as reflected within a society, communities, schools, and homes (e.g.,
Ernest, 1998). These aspects of contextual functions in pupils´ interactions and
interpretations will be considered next, especially in the form of significant socio-cultural
mathematical beliefs. We see also these to constitute the significant external sources,
channels, or restrictions for the appearance and development of pupils´ personal
mathematical beliefs, interpretations, and self-appraisals behind theirimportant  affective
arousals and responses in the learning of mathematics, more specifically, for the qualities
of the individual-environmental mental interactions behind their affective responses to
mathematics.

6.4.3 Socio-Cultural Beliefs and Conditions for Mathematical Self-
Appraisals and Affect

The qualities of pupils´ self-reflections and interpretations behind their affective
responses to mathematics are importantly occasioned or conditioned by larger social and
cultural knowledge, beliefs, and patterns of the society, communities, or of schools with
mathematicsor mathematics education. The development, understanding, and use of
mathematics are always results of social and cultural situations, values, views, activities,
and settings operating within schools, within the society,  as well as within the scientific
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662 E.g., Ernest, 1998; Henningsen & Stein, 1997; Hunting & Lamon, 1995; Leder, 1992; Lester et al.,
1989; Schoenfeld, 1985a; 1992; Senk et al., 1997; Underhill, 1988.
663 See also, e.g., Bishop, 1985; Dubinsky, 1991; Konold & Johnson, 1991; Säljö, 1994.



field of mathematics.664 Even if the socio-cultural influences in the form of socio-
culturally reflected mathematical beliefs and patterns have been acknowledged within
recent mathematics education research, more attention is suggested to be needed for these
socio-cultural frameworks for interpretations, constructions, and activities taking place in
mathematics classrooms (Eisenhart, 1988). From pupils´ personally held and supported
mathematical beliefs, perceptions, and interpretations can thence always be found a path
to the prevailing socio-cultural reality with mathematics, mathematics learning, and
mathematics learning situations held by pupils, teachers, and the public, which can be
viewed to form the indirect environmental impacts and restrictions or contextual functions
and even epistemological obstacles (Ernest, 1998, p. 259) for the qualities of pupils´
individual-environmental mental interactions and for their self-appraisals behind their
affect with mathematics. Reyes & Stanic (1988) view that these societal influences
(outside school) send different messages to and about pupils that differ along with race,
gender, and socioeconomic status concerning their aptitudes and the appropriateness of
their achieving at a high level in mathematics. 

Some significant socio-culturally held and reinforced beliefs about mathematics and
mathematics learning or teaching have been studied in recent mathematics education
research which are essentially constructed and function, most often unconsciously or
automatically as a kind of tacit knowledge or implicit functions, through the social
interactions in mathematics learning or classroom settings (e.g., Cobb & Yackel, 1998).
These beliefs are further linked with more general mathematical or socio-cultural shared
meaning systems, patterns, or activities, and to the taken-to-be-shared mathematical
knowledge and beliefs about school, learning, and pupils in school context, or to the
general norms, values, and moral rules influencing pupils´ social interactions in
mathematics learning situations,665 as well as to even the larger social, cultural,
sociological, economic, or political circumstances or changes influencing within a
society, community, educational domains, or e.g. within a school context.666 We can view
these kinds of larger contextual factors or functions to667 have direct impacts on teachers´
attitudes, school mathematics curriculum, and pupils´ attitudes and indirect effects
through these on classroom processes, social interactions, and pupils´ appraisals and
achievement-related behavior (c.f., Reyes & Stanic, 1988). Both forms of impacts or
contextual functions, then, powerfully regulate pupils´ perceptions, interpretations, and
appraisals of self with respect to school mathematics and its learning. The nature,
appearance, and/or frequency of pupils´ highly influential affective responses and self-
experiences with mathematics thus become importantly influenced by this mediatory
mental and self-interpretative mechanism (c.f., Bandura, 1986; 1994). 

Many of the task-related or contextual beliefs about mathematical concepts, objects, or
subjects (or sociomathematical norms; see Cobb & Yackel, 1998) do not necessarily
touch upon pupils and influence their self-appraisals with mathematics as such very
deeply, personally, or frequently. That is, these may not be very well incorporated into
pupils´ personal self-belief systems (c.f. also Sections 4.4 and 7.3.2). On the other
hand, more influential for pupils´ interpretations and self-affects are the kind of socio-
cultural beliefs that daily direct their highly important learning activities, self-perceptions,
and self-appraisals with mathematics. These kinds of factors can be seen to be referred to
by Cobb & Yackel (1998) as sociocultural mathematical norms or sociocultural classroom
norms, by Ernest (1998) as metamathematical views or values, and by some researchers
as societal mathematical myths (e.g., Fennema & Behr, 1980; Frank 1988; Pehkonen
1992). We attached the related interpretations within individual-environmental
interactions behind significant affect in Section 6.1 in particular to pupils´ perceptions
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664 See also Sections 4.3 and 6.4.1; e.g., Bishop, 1985; Cobb & Yackel, 1998; DÁndrade, 1981; Lave,
1988; Lester et al., 1989; McDonald, 1989; McLeod, 1992; Thompson & Thompson, 1989.
665 See Section 6.4.1; Bandura, 1986; Cobb & Yackel, 1998; Ernest, 1998; Hewstone & Macrae, 1990;
Keller & Killen, 1994; Lave, 1988.
666 C.f., Ernest, 1998; Reyes & Stanic, 1988.
667 E.g., of the family, the community, religious institutions, the mass media, parents´ societal role).



and evaluations of their own competence, abilities, skills, performance levels, or self-
control with mathematics. We view these kind of socio-cultural mathematical beliefs or
belief systems operate as the central external regulators of and impacts on the
development of pupils´ mathematical self-belief systems or self-system processes, the
nature or frequency of their significant self-appraisals in mathematics learning situations,
and hence also essentially the qualities of their significant affective experiences with
mathematic.668 These kind of dynamics in self-interpretations and self-regulation are
reflected e.g. in the causal attribution model for pupils´ mathematical failures and
successes (see Sections 6.3 and 8.3). 

The Interplay of Self-Beliefs and Socio-Cultural Mathematical Constructions Behind
Affective Responses

Above we stressed the primary role of pupils´ self-beliefs and self-evaluations in the
arousals, maintenance, or strengthening of their highly influential affective responses to
mathematics (see Chapter 5) in which pupils´ socio-cultural or contextual mathematical
beliefs operate as important structural base or filter for their self-beliefs and self-belief
systems to manifest, influence, and develop (Sections 4.2-4.3). We see this interplay to
proceed within individual-environmental mental interactions by pupils connecting or
reconciling the environmental or socio-culturally reflected norms, beliefs, and hints with
their activated mental constructions or evoked mathematical beliefs and belief structures
in their perceptions and interpretations, and in particular, the evoking and qualities of
their self-beliefs, self-belief systems, and unique self-appraisals in mathematics learing
situations (see Sections 3.4 and 6.4.1; e.g. Cobb & Yackel, 1998). Depending on the
various other contextual functions or situational and personal features prevalent in school
mathematics learning or performance situations, these unique perceptions and evaluations
become to varying extent linked to pupils´ highly meaningful beliefs, self-beliefs, and
self-appraisals with mathematics. Moreover, the extent to which pupils perceive threats to
their ego or self-enahncements in mathematical situations669 influences how extensively
their self-evaluations and often self-doubts with mathematics will be evoked and highly
influential subsequent affective responses aroused.670 Accordingly, the essential qualities
of pupils´ affective responses and self-states with mathematics have an identifiable link to
their unique self-perceptions and significant socio-cultural mathematical beliefs, but also
to their personal significances, values, or goals with mathematics, their plans for action,
their expectancies of mathematical successes or failures, or to the level of powerfulness
of their personal effort bound to their mathematics performance or learning processes.671

Our view to the dynamics of socio-cultural mathematical beliefs, self-appraisals, and
affect is illustrated in Figure 6.4.
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668 See Sections 4.3.1, 4.4.3, 5.1-5.2, and 6.4.1; e.g., McDonald 1989; Weiner 1992a.

669 I.e., signs that point to their ability, control, efficiency or other personal qualities or characteristics
(see Section 6.1). 
670 Like e.g. the degree of self-confidence with mathematics, the depth or organization of mathematical
self-constructions (see Section 4.4). 
671 See Section 6.1.2; Harter, 1985; Mandler 1989; McDonald 1989; McLeod, 1989b; 1994; Nicholls,
1984; Sarason, 1987; Scheier & Carver, 1982; Weiner, 1986.





apparently joint with the central socio-cultural value structures reflected in school
mathematics learning situations, like with beliefs about the importance or usefullness of
mathematical abilities, skills, achievements, or with mathematical goal structures. 

According to our structural considerations (see Sections 4.1, 5.3.1, and 5.3.2), the
fewer the logical connections in pupils´ personal mathematical belief systems the more
belief clusters, the weaker consistency, and the weaker the consciousness involved in
these kinds of personal contextual or socio-cultural belief structures, and the more
linkages to and space there will be for instinctive and highly intense affective arousals
most importantly accompanied with their self-beliefs and self-appraisals with
mathematics. We can view highly intense and often negative self-esteem related affective
responses673 appear most commonly as results from pupils´ simple, primary, central,
and/or single contextual and/or socio-culturally reflected mathematical beliefs or belief
clusters acting behind their self-judgments and/or the discrepancies in their individual-
environmental mental interactions (Section 6.4.2). Instead, mathematical belief systems
with higher complexity and consistency with increased consciousness, logic, adequacy,
and flexibility can be seen to weaken the connections of these to pupils´ mathematical
self-evaluative processes and self-belief systems and hence further to weaken the
appearance of powerful and often deleteriousself-affects to mathematics. These kinds of
belief systems can be suggested to include diversity of various mathematical beliefs about
similar aspects of mathematics or its learning, as well as extracts of other kinds or other
people´s mathematical beliefs and belief systems (Section 4.1). The included versatility
or flexibility, together with involved logical consistency, consciousness, and openness
refers more to pupils´ socio-cultural or contextual conceptions or opinitions of
mathematics and its learning, the impacts of which on pupils´ self-beliefs and self-
appraisals behind their affective responses to mathematics can then also be considered
more conscious, weakened, and/or more easily controlled by pupils. This kind of affect-
cognition interplay produce more objective, alternative, and self-directed interpretations
of mathematics, mathematics learning situations, and of self with less frequent negative
self-appraisals and self-affects possible to occur.

More commonly, within educational research on self-concept or self-system structures,
the self-evaluative aspects and affect were joint with self-esteem-related appraisals as
results from pupils´ overall, mathematical, or more specific self-ideals and the relations
between these and other pupils´ or thier own related self-images674 (see Sections 4.4.2
and 6.1-6.3). Moreover, these kinds of suggested self-evaluative aspects or qualities of
pupils´ self-systems with self-ideals, desired self, or possible selves in mathematics
learning offer a theoretical linkage between the significant contextual or socio-cultural
beliefs about mathematics and its learning and their self-appraisals and self-affects with
mathematics, especially those intertwined with values and goals or importance
perceptions with mathematics or with mathematical abilities and skills.675 Variation in
these regulatory socio-cultural mathematical beliefs along with pupils and with
mathematical domains or learning contexts and situations, will produce essential
differences in their self-system structures, self-appraisals, and affective responses to
mathematics. Furthermore, as mathematics self-concept is viewed to constitute a central
part of pupils´ general and especially of their academic self-concept, mathematical self-
perceptions and self-related affective responses can be expected to have significant effects
for all pupils´ daily affective experiences in school learning context (Section 4.4.1; e.g.,
Marsh, 1990b; Reyes, 1984). However, personal or socio-cultural variation in pupils´
self-system structures, as in the importance of mathematical self-perceptions for their
global self-understandings or self-esteem, will also cause differences in the development
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673 Or self-affects (see Sections 5.1-5.2, and 6.1-6.3). 
674 Like e.g. between their ideal self and their own or other pupils´ self-picture in mathematical problem
solving. 
675 See Section 4.4.2; Burns, 1979; Dweck & Elliot, 1983; Eccles et al., 1983; Hart, 1985;
Kloosterman, 1988; Korpinen, 1990; Mandler, 1989; Nicholls, 1984; Stipek & Gralinski, 1991; Wylie,
1987.



of their mathematical self-systems, in their mathematical self-appraisals, and hence
further in their significant affective responses to mathematics.    

In general, the increased psychological centrality of mathematical self-perceptions
(compared to other school subjects) in pupils´ global self-concept structures will also
increase the number and nature of their influential self-appraisals with respect to
mathematics due to the personally or socio-culturally increased psychological centrality of
the achievement-related mathematical beliefs or values (c.f., Burns, 1979; Harter, 1985;
Markus & Wurf, 1987). Moreover, we can view psychological centrality to strenghthen
in this way the personal or more common socio-cultural linkages between these kind of
beliefs and highly intense self-affects to mathematics. Hence, the extent to which (i.e. the
strenghth of the connections between these beliefs or mathematics achievements and their
self-beliefs) pupils come to attach significance to learning of and succeeding in
mathematics676 or to particular activities and forms of mathematics learning, and/or join
these to their personal pursuits677 determines the extensiveness of the effects of their
mathematical self-perceptions and achievements on the qualities and development of their
global self-concept and self-worth, or of their self-confidence and self-efficacy
experiencies.678 More particularly, the more important some mathematical domain, goal,
learning or performance context, activities, or situations for pupils, for some classrooms,
for some schools, or for school mathematics learning in general, the more perceptions of
their own mathematical behaviours, achievements, and/or successes and failures will
influence pupils´ self-appraisals, sense of self, self-esteem, or level of self-confidence,
and hence essential affective experiences with respect to these contexts, as well as to
mathematics in general (i.e to their global sense of self with mathematics; c.f. also
Borkowski et al., 1990; Harter, 1985; Korpinen, 1990; Shavelson et al., 1976). The
opposite would then be true for self-perceptions with lowered relative significance of
these kinds of mathematical beliefs and perceptions (c.f., Harter, 1985).  

These kinds of structural variations in pupils´ personal or socio-cultural self-system
structures may be importantly linked to the often found differentiation between the
qualities or effects of females´ and males´ mathematical self-perceptions and self-affects.
For example, males´ more than females´ mathematics self-concept seems to have
significant direct effects on their general self-concept, whereas the connection between
mathematics achievements and self-perceptions  have appeared stronger for females than
for males (see Section 4.4.2; Byrne, 1984; Byrne & Shavelson, 1987; Harter, 1985;
Skaalvik & Rankin, 1990). Moreover, females´ beliefs about mathematics usefullness
and effort-related causal ascriptions or beliefs about mathematics learning may be more
closely connected to their self-belief structures, self-appraisals, and levels of self-
confidence with mathematics than that of males (Kloosterman, 1988; Malmivuori,
1996b). The common stereotyping of mathematics as a male domain should also have
significant influences on the apprearances and qualities of females´ mathematical self-
appraisals in school learning context, producing female affective responses such as fear
of mathematical success (Leder, 1982). Similar kinds of essential personal or socio-
cultural differences in pupils´ self-systems structures, self-appraisals, and affective
responses to mathematics due to pupils´ race or socio-economic status may be related to
social and cultural mathematical beliefs and conditions (Reyes & Stanic, 1988).
Examples of these indirect environmental effects or socio-cultural dynamics with affect
are examined below.  
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676 E.g., in the form of pupils´ beliefs about mathematics learning goals, about its´ usefullness or
importance.
677 I.e., to their ideal, possible, or committed self, to their pretensions, or to their personal goals.
678 C.f., Byrne, 1984; Feather, 1988; Harter, 1985; Malmivuori, 1996b; Markus & Nurius, 1986; Meece
et al., 1990; Norwich, 1987; Oosterwegel & Oppenheimer, 1993; Schunk, 1989a; Wigfield & Harold,
1992; Zimmerman et al., 1992.



Mathematical Socio-Cultural Beliefs and Perceptions Behind Affective Responses

Some socio-culturally held beliefs about and interpretative patterns or practices with
mathematics or its learning may have significant self-directive and often restrictive roles
in pupils´ personal interpretations, mathematical self-systems, affective responses, and
learning processes. In this affect-cognition dynamics, pupils´ personally held related
mathematical beliefs and values can be considered as the psychological correlates of these
kind of sociomathematical norms (Cobb & Yackel, 1998, p. 171). More traditionally,
these kinds of views or socio-cultural effects on affect are measured as pupils´
mathematics attitudes and variations of these or subsequent mathematics achievements
between different groups of pupils, particularly those between females and males.679 The
more recent notions of the relationships between these kinds of socio-cultural beliefs or
contextual functions and pupils´ self-regulatory mathematics learning actions (e.g.,
persistence, choices of mathematics) will be referred to in Chapter 8. Here we examine
the suggestions and some consistent research results concerning the affective linkages
between these kinds of beliefs or interpretations and pupils´ self-appraisals and affective
responses to mathematics as influenced through the individual-environmental mental
interaction in the qualities of their self-beliefs, self-appraisals, and affective self-states
with mathematics. Examples of the possible kinds of unique self-reflections and self-
assessments intertwined with these kinds of beliefs about mathematics and its learning
were given also in Sections 4.3.1-4.3.2.      

As considered above, the most general expressions or measured and socio-culturally
reinforced belief constructions linked to mathematics and its learning are the terms of
mathematics difficulty, importance, or usefulness. These expressions imply the general
high importance and appearance of self-assessments of mathematical abilities and skills
as being closely linked to pupils´ personal mathematical self-systems. Research results
also seem to reveal essential features as well as differences in pupils´ general, as well as
more context-dependent, measures of self-appraisals and responses specific to
mathematics.680 Instead of attributes such as boring or uninterest, which are attached often
to languages or social studies, difficulty or hardness of mathematics represent the kind of
negative attributes or expressions linked especially to mathematics as a school subject.681

These perceptions of mathematics can further be essentially linked to pupils´
inconvenience experiences accompanied with their more negative self-appraisals and
additional strong negative affective responses like anxiety or fear of failure with
mathematics, and also with such less intense affective responses as disliking or
unenjoyment of mathematics (Hunsley 1987; Imai, 1993; Malmivuori, 1999; Marshall,
1989; Schroeder, 1991; Stodolsky et al., 1991). On the other hand, liking and enjoyment
of mathematics appear as connected with pupils´ easiness perceptions with mathematics,
especially among elementary or secondary school level pupils, together with feelings of
success, having fun, active participation, and with value of mathematics (Brassell et al.,
1980; Imai, 1993; Kupari, 1993; Malmivuori, 1999; Schroeder, 1991; Stodolsky et al.,
1991). This close linkage between self-appraisals and mathematics difficulty perceptions
is validated also by research on causal attributions. Accordingly, successes, especially at
difficult tasks, are viewed to result in strong positive feelings of self-esteem, whereas
failures at easy tasks are combined with strong negative self-affects (c.f., Weiner 1992a,
p. 270-273; see also Borkowski et al., 1990). Moreover, as beliefs about mathematics
difficulty (together with disliking of mathematics) most often vary along with pupils´
mathematics achievement level, with gender, and with grade level, these socio-culturally
reflected beliefs have significant additional consequences especially for females´, low
achievers´, as well as for older pupils´ mathematical self-appraisals which are often filled
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679 See Section 2.1; Aiken, 1970; 1976; Dweck, 1986; Fennema & Hart, 1994; Leder, 1992; McLeod,
1989a; Reyes, 1984; Reyes & Stanic, 1988; Seegers & Boekaerts, 1996; Tocci & Engelhard, 1991.
680 E.g., Eccles et al., 1983; Fennema, 1989; McLeod, 1989b; Meece et al., 1990; Reyes, 1984;
Stodolsky et al., 1991.
681 E.g., Hannula & Malmivuori, 1996, 1997; Kupari, 1993; Malmivuori & Pehkonen, 1997; McLeod,
1989b; 1992; Reyes, 1984; Stipek & Gralinski, 1991; Stodolsky et al. 1991.



with highly intense negative affective responses to mathematics.682

As discussed above, the most apparent relationships should be between the various
socio-cultural mathematics value structures, sociomathematical norms, standards, or
importance perceptions attached to mathematics, mathematics achievements, mathematical
abilities or skills, and/or of mathematical activities and learning, and the appearance and
qualities of pupils´ self-appraisals and affect with mathematics, which can further be
differentiated between females and males, high and low achievers, or efficient and
inefficient pupils (Cobb & Yackel, 1998; Eccles et al., 1983; Fennema, 1989; Fennema
& Sherman, 1977; Harter, 1985; Hunsley, 1987; Meece et al., 1990; Meece & Courtney,
1992; Reyes & Stanic, 1988; Underhill 1988). More specifically, these
sociomathematical norms can be linked to aspects such as the value or acceptance of
mathematical performance successes or failures, and e.g. to beliefs about acceptable
performances, about efficient problem solving, and about sophisticated or efficient
solutions to mathematical problems,683 to general socio-cultural beliefs about the
significance, meaning or role of mathematics and mathematics learning within a society,
communities, or educational culture or, more specifically within a school, a classroom,
or a mathematics learning group. Moreover, all these affect-cognition linkages can be
similarly traced back to the qualities of socio-culturally reflected general beliefs about the
general nature of mathematics, mathematical abilities or skills, mathematical knowledge,
mathematical activities, and of mathematical problem solving as well as sex roles with
respect to these.684

These kinds of beliefs are most essentially measured within the continuum of importance
or usefullness of mathematics as such or as a school subject. The effects of these
perceptions are further related to positive attitudes towards mathematics, more positive
self-perceptions, and less negative affect to mathematics, as well as to better mathematical
performances or achievements. These beliefs also reflect the most important gender
differences in pupils´ interpretative patterns.685 For example, studies indicate that pupils
who perceive mathematics as useful for them and/or an important school subject, tend to
also have a generally more positive attitude toward mathematics, but also more positive
beliefs about themselves as mathematics learners. The opposite is true for pupils with
low self-confidence or self-efficacy perceptions (Hackett & Betz, 1989; Malmivuori,
1996b; Meece et al. 1990; Relich & Way 1993). These relations are further consistent
with research results of mathematics importance and usefulness as negatively related to
mathematics anxiety (Fennema & Sherman, 1977; Meece et al. 1990; Wigfield & Meece
1988; Tocci & Engelhard 1991; c.f. Section 6.2). Moreover, females and males tend to
value mathematics differently, e.g., boys appear more likely than girls to perceive
mathematics as useful or important for them and for their future career (Fennema, 1989;
Fennema & Sherman, 1977; McLeod, 1992). A greater gender difference in this, as well
as in the linkages between self- and usefullness perceptions, appears with middle or low
achieving pupils (Malmivuori, 1999; Malmivuori & Pehkonen, 1997). Furthermore,
boys seem to place greater importance on their grades in mathematics than do girls
(Eccles et al., 1983). Similar kinds of  differences in perceptions appear between high
and low mathematics achievers or performers (Reyes, 1984; Reyes & Stanic, 1988). 

Significant consequences for the emergence and qualities of pupils´ personal learning
processes have been attached to the held socio-cultural beliefs about the nature of
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682 C.f. also McLeod 1989a; Reyes, 1984; Stodolsky et al. 1991.
683 See also Section 4.3.2; e.g. Cobb et al. 1989; Frank, 1988; Garofalo, 1989; Malmivuori, 1996b;
Malmivuori & Pehkonen, 1997; Schoenfeld, 1985a; Stodolsky et al., 1991; Yackel & Cobb,  1996.
684 See the text below; e.g., Cobb & Yackel, 1998; Dweck, 1986; Fennema & Hart, 1994; Kloosterman,
1988; Leder, 1992; Lerman, 1998; Malmivuori, 1996b; Nicholls, 1984; Reyes & Stanic, 1988;
Underhill, 1988.
685 Section 4.3.2; Eccles et al., 1983; Fennema & Sherman, 1976; Fennema, 1989; Kupari, 1993,
Malmivuori, 1999; McDonald, 1989; McLeod 1989b; Reyes, 1984; Reyes & Stanic, 1988; Stodolsky et
al. 1991; Wigfield & Meece, 1988.



mathematical knowledge, ability, problem solving, and learning (see Section 4.3.1 and
4.3.2), but we may link beliefs also to the qualities of pupils´ mathematical self-appraisal
processes and affective responses. These interpretative processes are included by Cobb
& Yackel (1998) in the taken-as-shared classroom mathematical practices with
mathematical conceptions and activity, or in classroom norms such as beliefs about how
mathematics get done, by whom, and with what degree of quality and accountability (see
also Henningsen & Stein, 1997). These socio-cultural features have been studied as
related to differences in pupils´ value structures, attributional styles, or goal orientational
bases,686 and seem to be transmitted efficiently, especially within school mathematics
learning context, but also within the whole society or the culture in question (see Section
6.4.1; e.g., Bishop & Abreu 1991; Cobb & Yackel, 1998; Lerman, 1998; Lester et al.
1989; Schoenfeld 1985a). The traditional perceptions of mathematical knowledge as
certain, true, and given entities together with beliefs about mathematics ability as fixed,
inherent, generalizable, and distinct quantity can be viewed to maintain pupils´ appraisals
of their own mathematical knowledge, abilities, and competence, made as external
comparison processes against other persons´ mathematical quantities, achievements, and
outcomes, and accompanied more with negative self-perceptions and highly intense self-
esteem-related negative affective responses, especially with perceptions of low own
mathematical ability or knowledge.687 More promotive or less debilitative self-
consequences and affective responses have been suggested to accompany beliefs about
mathematical knowledge as uncertain, fallible, and developing, as well as mathematics
abilities such as incremental, learned, and increasing personal features. Moreover, the
former kind of prevalent socio-cultural beliefs make an essential difference between high
and low mathematical achievers´ or performers´, as well as between females´ and males´
mathematical self-experiences, as the former are generally (socio-culturally) believed to
have poorer mathematics ability. 

Further results of the inadequate or paralyzing socio-cultural beliefs about the nature of
mathematical knowledge and abilities can be linked especially to the found research
results in recent mathematical problem-solving studies.688 There are widely held limited or
improper traditional beliefs about mathematical problem-solving or learning that support
negative self-appraisals and affect. For example, general beliefs that mathematical
knowing means memorizing the right procedures or rules and is transmitted from teacher
to pupils, or that mathematical problems should be solved in a few steps as quickly as
possible, and that there is only one right answer to problems; all as such create occasions
for pupils´ self-appraisals or self-doubts of their own (fixed) competence against those of
others´ (see Section 4.3). Pupils often come to face violations of their own expectancies
and their inability or incapability due to these kind of inadequate, paralyzing, or
uncreative socio-culturally reflected mathematical beliefs689 and result in highly intense
negative affective responses especially with blockages and/or failure situations.690 Both
the qualities of pupils´ problem solving and general learning of mathematics may then
become impaired and filled with highly intense affect (c.f., McLeod, 1988; 1989b). The
latter kind of self-consequences may also follow the kind of socio-culturally reflected
mathematical misconceptions based on everyday perceptions in real life situations (Lave,
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686 See Sections 6.1.2 and 6.3; Bandura, 1993; Boekaerts, 1995; Borkowski et al., 1990; Dweck &
Elliot, 1983; Hechhausen, 1987; Kloosterman, 1988; Nicholls, 1984; Weiner, 1986; Zimmerman et al.,
1992.
687 See Sections 4.3.1 and 6.1-6.3; Bessant, 1995; Borkowski et al., 1990; Cobb et al., 1992; Dweck,
1986; Dweck & Elliot, 1983; Lerman, 1998; Malmivuori, 1996b; McCombs, 1989; Nicholls et al.,
1990.
688 Operating mostly through the frequency or extensiveness of pupils´ mental blockages or interruption
situations with mathematics together with accompanied (mostly negative) self-appraisals of their 
own abilities and knowledge (see Sections 5.3.2 and 6.4.1).
689 C.f., Cobb & Yackel, 1998; Frank, 1988; McLeod, 1994; Schoenfeld, 1985a; 1989; 1992.
690 E.g. while trying to memorize particular mathematical contents, objects, or procedures in solving an
unusual mathematical problem (see Section 4.3.2; Mandler 1989; McLeod, 1988; Schoenfeld 1985a).  



1988; Smith, 1989).691

The kind of socio-cultural beliefs about the nature of mathematics, mathematical
knowledge, or abilities, as well as the kind of value perceptions with mathematics given
above, relates further to the high general emphasis laid on the role or significance of
(public) successes and failures in doing and learning of mathematics (c.f., Dweck, 1986;
Eccles et al., 1983; Malmivuori, 1995; Nicholls et al., 1990; Stodolsky et al., 1991)
which as such efficiently give rise to either promotive or debilitative ego-related
mathematical self-appraisals intertwined with their beliefs and perceptions of their own
high or low mathematical abilities, competence, or knowledge, especially with fixed
mathematics ability beliefs. We view this effect to be reflected significantly in consistent
research results of causal attributions for mathematical successes and failures (see Section
6.3; c.f. also Kloosterman, 1988; Nicholls et al., 1990). Accordingly, strong feelings of
pride are related especially to successes at tasks perceived as based on skill and stronger
shame to failures in such situations.692 These self-affects depend further on the globality
of pupils´ mathematical ability attributions (e.g., mathematics aptitude vs. general
intelligence; Weiner 1992a). Research results of negative affective responses like dislike
or unenjoyment as connected to mathematical failure perceptions or to fear of failure or
doing wrong and the positive to success perceptions with mathematics are signs of these
beliefs and affective effects.693

As discussed above, one essential socio-cultural belief construction behind the found
general gender differences with respect to mathematics is suggested to be represented by
sex role beliefs about mathematics learning and abilities as a characteristic for males in
particular, thus acting behind the perceived common differences in females´ and males´
mathematics learning processes or achievements and in their self-assessments and affect
with mathematics in favor of males´ (c.f., Fennema & Sherman 1977; Fennema & Hart,
1994; Leder, 1992; Sherman & Fennema 1977). Girls´ lower mathematical confidence or
beliefs of their own adequancy and capabilities in mathematics, beliefs about the weaker
social acceptability of mathematical efforts, abilities or skills, intertwined further with
more negative affective responses (e.g. fear of success, acceptable mathematics anxiety)
seem to be importantly linked to these kinds of socializing beliefs about sex roles in
respect to mathematics.694 This kind of socio-cultural mathematical beliefs seems to
effectively operate behind girls´ and boys´ different interpretations of their mathematical
performances, perceived then in the different patterns of pupils´ causal mathematical
attributions,695 thus producing frequently different significant affective experiences with
mathematics between girls and boys.               

Other Socio-Cultural Features Behind Interpretations and Affective Arousals

Various other socio-culturally held belief constructions, practices, or social conditions are
reflected and reinforced in mathematics classroom contexts relating to the essential roles,
interactions, and actions between pupils and teacher in school learning of mathematics
and influencing pupils´ mathematical self-appraisal processes and self-affects (c.f., Cobb
et al. 1989). These beliefs are based on the socio-culturally reinforced and valued
behavioural patterns, traditions, and practices with mathematics or mathematics education
or on more general psychological, moral, or social-conventional rules in mathematics
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691 E.g., multiplication makes numbers bigger, division makes numbers smaller; or decimals more digits
to the right of decimal point are smaller numbers than those with fewer.
692 Whereas self-related attributions for outcomes in tasks perceived as based on chance would lead to
milder affective responses both in successes and failures ( i.e., the achievement context of chance and
skill; Weiner, 1992a).  
693 Imai 1993; Marshall 1989; Schroeder, 1991; Stodolsky et al., 1991.
694 E.g., Fennema & Sherman 1977; Fennema & Hart, 1994; Hackett & Betz, 1989; Hembree 1990;
Leder 1982; Reyes & Stanic, 1988; Underwood 1992.
695 See Section 6.3; Borkowski et al., 1990; Fennema 1989; McLeod 1989b; Weiner 1992a.



classrooms, schools, communities, and in society.696 Cobb & Yackel (1998) name these
contextual functions as classroom social norms. These are essentially related to the held
beliefs about pupils´ and teacher´s role, and further about the nature of mathematical
knowledge and activities, and reflected in pupils´ beliefs about mathematics learning and
teaching (see Section 4.3.3), which cover e.g. their interpretations of acceptable ways of
dealing with, communication with, and discussions with the teacher and with other
pupils (Cobb & Yackel, 1998; Underwood 1992), or even of their expressions and
control of their affective responses to mathematics (e.g., Bandura 1994; Keller & Killen
1994). For example, flexible role models are generally seen to promote pupils´ self-
appraisals (Bandura, 1993; Zimmerman et al., 1992). According to Voigt (1998, p. 212),
this kind of classroom culture could be changed by changing the participants´
understandings of classroom processes.697

Various additional instructional or environmental socio-cultural contexts or conditions
and contextual functions influencing in mathematics classrooms also may considerably
affect the nature of interactions or interpretations behind pupils´ mathematical self-
appraisals and affect. We may refer to such factors as organizational procedures, level of
instructional organization, staffing in schools, size of the school, and use of single-sex
schools or groups and mathematics ability or ethnicity grouping within schools (Marshall
& Weinstein, 1984). These create divergent socio-cultural classroom contexts698 for all
pupils´, for girls´ and boys´, or for low and high ability pupils´ interactions and
interpretations with mathematics (c.f., Fennema & Hart, 1994; Forgasz & Leder, 1995;
Hannula & Malmivuori, 1996, 1997; Leder, 1992; Reyes & Stanic, 1988; Risnes et al.,
1999). Moreover, the size of the class or number of pupils, and the composition, climate
or atmosphere, cliquishness, disorganization, friction, distribution of encourament and
realistic information, suitable goal setting, negative affective arousal reduction, and
friendliness within a classroom seem to have effects on pupils´ mathematical perceptions,
attitudes, or self-evaluations.699 There may also be gender differences in pupils´
mathematics attitudes, experiences, or achievements depending on text book selection,
availability of equipment, sufficient reference material, or counselors´ advice, and on
whether they take part in an adult-based context (more positive experiences for males) or
in peer-based context (more positive experiences for females) in mathematics learning
(Hannula & Malmivuori, 1996; Hart, 1993; Leder, 1992; Newman & Goldin, 1990;
Risnes et al., 1999).700 Additionally, the general mathematics classroom structure
established by teachers is suggested to favor males (Fennema & Hart, 1994).   

One of the most frequently considered environmental or instructional conditions for
pupils´ interpretations, self-appraisals, and affect with mathematics can be connected
with the difference made between competition or with cooperation or individualistic
setting in classrooms (e.g., Fennema & Loef 1992; Weiner, 1992b; see also Weiner,
1990), which is linked importantly to the emergence and qualities of the external
comparison processes in pupils´ self-systems (see Sections 4.4.2 and 6.1.1). These are
essentially mediated again through pupil-teacher interactions, including mathematics
grading practices and teacher feedback.701 In general, social comparisons involved in
competitive settings will increase perceptions and judgments of individuals´ and others´
mathematical abilities with mainly negative affective responses toward other pupils (e.g.
jealousy, anger, pity), whereas cooperative learning context is seen to give more room
for individual learning processes with fewer negative responses and more positive or
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696 C.f., Keller & Killen 1994; Mandler 1989; Stodolsky et al. 1991; Underhill, 1988; Underwood 1992.
697 C.f. Section 8.4; Cobb & Yackel, 1998.
698 E.g. through pupils´ general attitude toward school or schoolwork; Aiken, 1970; Karjalainen, 1982.
699 Bandura, 1993; Grows & Cramer, 1989; Haladyna et al., 1983; Helmke, 1994; Leder, 1992; Marshall
& Weinstein, 1984; Norwich, 1987; Weiner, 1992b; Zimmerman et al., 1992.
700 The latter form of influential contextual or situational aspects may also be found behind the
interpretative conditions established at home with respect to mathematics and its learning.
701 Section 6.4.2; Helmke, 1994; Marshall & Weinstein, 1984.



promotive self-perceptions and affective responses to mathematics.702 Moreover, the often
traditional role of the teacher as a transmittor of mathematical knowledge, as a judge of
pupils´ mathematical ability, and as divider of rewards and punishments with competitive
learning context (e.g., Swan, 1998) can be seen to increase pupils´ fear of failure,
frequent experiences of stress during their performances, and/or occasions for anxiety
after failures or poor performances which are viewed to be reduced, and positive
feelings703 increased by cooperative learning contexts with support for pupils´
responsibility for their learning and problem solving as the main goal in teaching (Cobb
& Yackel, 1998; Cobb et al., 1989; Grows & Cramer, 1989). These contextual effects
also appear in research results, according to which the difference in the achievement
levels or performances between a pupil and other pupils in a group may affect pupils´
self-concept, enjoyment of mathematics, and mathematics anxiety, as well as their views
of their teacher; for example, medium-ability level pupils with low achievements having
the lowest self-concept feel less enjoyment of mathematics, and more anxiety than other
pupils, and the most positive attitudes about the teacher are reflected among pupils with
medium achievements in high or middle-ability level groups (Brassell et al., 1980).
Males also tend to benefit from competitive settings, whereas females´ self-perceptions
appear better in co-operative classrooms (Ames, 1992b; Hannula & Malmivuori, 1996,
1997; Peterson & Fennema, 1985; Risnes et al., 1999; Seegers & Boekaerts, 1996). 

Mathematical beliefs, patterns, and interactions of significant other persons´704 were
above mentioned as the central sources and channels for pupils´ personal beliefs,
interpretations, and affective responses to mathematics. Their beliefs, expectations,
judgments, and behavior, together with the qualities of feedback and encouragement, can
be viewed to form the main interpretative and functional social framework for pupils´
mathematical self-interpretations and self-appraisals (see, e.g., Armstrong & Price 1982;
Bandura 1986; Cobb et al. 1989). These contextual functions are, in turn, influenced by
the mathematical beliefs held by the school community, by school admistration, by
mathematical communities, and more widely by the society or culture, or within the teen-
ager culture, i.e., by the socio-cultural climate, socio-cultural milieus, or effects behind
enculturation into the mathematical beliefs, practices, or conditions of a wider community
or society that pupils are members of (c.f., Bussi, 1998; Cobb & Yackel, 1998; Lerman,
1998), that is, to the ideational as well as material side of culture (Säljö, 1994). The form
of general models and social constructions or beliefs, norms, moral rules, and accepted
activities of the culture, society, or other mathematics-related communities,705 but
especially of the school community  or  of “the culture of school life” (Brown et al.,
1989; Henderson & Cunningham, 1994; Reyes & Stanic, 1988), always constitute the
socio-cultural boundaries within which pupils come to make their own interpretations,
constructions, models, and preferences with mathematics learning. The effcets of these
are reflected in the qualities or variation in their conceptions of self, beliefs about
mathematics, and in their views of social roles, sex roles, customs, and conventions, or
understandings of others´ mental states and behavior in mathematics learning
situations.706

Along with the other kinds of socio-cultural conditions for interactions and pupils´ self-
appraisals, we can include educational or general environmental circumstances or
ongoing changes, not only within a society, but also within the whole world of today.
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702 See, e.g., Bandura, 1993; Helmke, 1994; Marshall & Weinstein, 1984; McDonald, 1989; Nicholls et
al., 1990; Seegers & Boekaerts, 1996.
703 E.g. friendliness, enjoyment, comfortable climate, and positive feelings toward the teacher.
704 E.g. teacher´s or parents´ beliefs and behavior; Cobb et al., 1989; Hart, 1989a; Leder, 1982;
Schoenfeld, 1983.
705 E.g., the community of mathematics teachers´ or the mathematics scientific community (see also
Chapter 8). 
706 C.f., Bandura, 1986; 1994; Bishop & Abreu, 1991; Dweck, 1986; Fennema & Hart, 1994; Hewstone
& Macrae, 1990; Keller & Killen, 1994; Lave, 1988; McLeod, 1989a; 1992; Nunes, 1992; Reyes &
Stanic, 1988; Schoenfeld, 1989; 1992; Stodolsky et al., 1991.



That is, economical, political, and general socio-cultural conditions or changes as, e.g.,
the practical activities or social activities involved in learning vary due to the degree of
social complexity, cultural legacy707 and use of technology in a society and in education or
interactions (Henderson & Cunningham, 1994; Kieran, 1994; Lerman, 1998; Säljö,
1994). The essential qualities of socio-cultural admistrative arrangements of education
and the impacts of such socio-cultural changes as economic adversities, military
conflicts, cultural upheavals, new technologies, and political changes on the contexts and
circumstances in educational settings (Bandura, 1994), especially those world wide
changes with the powerful impacts of mass media and information techology, will
produce a lot of opportunities to encounteralso socio-culturally reflected beliefs about
mathematics and its learning, but also to individually change and expand their own
mathematical beliefs, interpretations, and experiences within mathematics learning
context (c.f., Collins, 1987; Joram et al., 1995; Kaput, 1989; McLeod, 1989a; 1992).
These enable pupils´ to encounter new significant and also tightly affectively intertwined
mathematics learning situations.  

For example, socio-economic structures and circumstances of a society or of a
community708 produce variation behind pupils´ mathematical attitudes, beliefs, and
interpretations, such as their beliefs about mathematics usefulness, about their parents´
views of their capabilities in mathematics, or about mathematics as a male domain
between schools or due to the social class, level, or socio-economical communities of
pupils´, pupils´ parents, or of their school.709 Larger scale economic changes within a
community (e.g., within a school) or within a whole society also often turn out to be an
important determinant in improving or debilitating the possibilities of national
admistrations´ of education, school admistrations´, or individual teachers´ to create
powerful or versatile contexts for pupils´ learning processes, individual-environmental
interactions, and self-reflections, as, e.g., in the form of the size or composition of
learning groups within schools or in providing the facilitative means or equipment (e.g.
computers) for mathematics learning situations in general (c.f. also Leder, 1992; Säljö,
1994). For example, the extending of mathematics learning groups apparently decreases
the occasions for direct pupil-teacher contacts, and hence for pupils´ improper or harmful
interpretative sets and models related to mathematics and its learning,710 and also the
teacher´s possibility to effectively infuence these personal and situational constructions
and interpretations with mathematics.711 Also, changes in admistrators´ implementation of
certain instructional policies (Leder, 1992) may directly affect the amount or direction of
educational interests and resources, and thus further the nature of the social interactions
within mathematics learning contexts. Even if general cultural and political circumstances
and constructions of a society may have influential implications for the socio-cultural
conditions of schools,712 more direct influences on pupils´ daily mathematics learning
situations are produced by the culture, constructions, models, and interactions
specifically within single schools. Hence, within single schools we may speak of rapid
changes in schooling culture, whereas changes within the whole society or educational
culture of the nation take time to become influential in specific mathematics learning
situations in classrooms.    
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707 E.g., Text-based culture vs. image-based culture such as India (Lerman, 1998).
708 E.g. a school, a particular class, or pupils´ parents.
709 Fennema & Hart, 1994; Fennema & Sherman, 1977; Haladyna et al., 1983; Reyes, 1984 & Stanic,
1988.
710 E.g. improper beliefs about mathematical problem solving, negative beliefs about mathematics
learning or about the teacher. 
711 Perceived e.g., in the difficulties in pupils´ mathematics anxiety reduction.
712 Depending on the characteristics of the society.



6.5 Conclusions

In Section 3.4.1, we outlined our perspective to deal with personal mathematics learning
processes in unique mathematics learning situations. Pupils´ mathematical affective
experiences and learning processes are considered in relation to their personal and unique
situational interpretative, self-evaluative, and self-regulatory processes. These self-
system processes are linked with the activation and qualities of pupils´ self-systems in
mathematics learning, including their significant mathematical beliefs systems, affective
responses or schemata, and behavioral patterns with school mathematics, as well as their
mathematical knowledge structures (see also Section 3.4.3). However, any school
mathematics learning event takes place within a particular mathematical and school
performance context that are further conditioned by specific social environment and
socio-cultural features of mathematics and mathematics learning, as well as by pupils´
various personality aspects. In this section we looked at the interplay between pupils´
personal interpretations and self-evaluations behind their significant affective responses
to mathematics and the contextual or social environmental features of school
mathematics. We concentrated on the qualities of pupils´ self-perceptions or self-
appraisals and the arousals of their accompanied self-affects with respect to mathematics.
In all, self-beliefs and self-appraisals of mathematical ability, competence, control, or
coping were enhanced into the primary personal evaluative system or activity behind
pupils´ significant affective responses to mathematics in the social school learning
environment. 

We first examined the linkages between the qualities of pupils´ self-belief and self-belief
systems and their affect experienced with respect to mathematics. In addition to self-
belief systems, we connected pupils´ self-appraisals and affect with their other trait
personality features, including their other significant and self-regulatory mathematical
beliefs, mathematical and metacognitive knowledge and skills, affective personality traits
or particular interpretative styles, as well as significant developmental changes in their
personal systems or general self-system. Furthermore, research results on gender
differences in mathematical self-appraisals and affect were analyzed, and gender
differences in affect were joined with consistent differences in pupils´ self-belief systems
and self-appraisal in mathematics. Moreover, the intertwined primary or secondary self-
appraisals and perceptions of threat or challenge in mathematics learning situations were
examined in detail in relation to affect and the here chosen affective aspects or self-
constructs with related research results of mathematics education, in which gender
differences were interpreted in particular. As expected, these systematic considerations
revealed the important connections between the qualities of pupils´ mathematical self-
beliefs or self-appraisals and their highly influential affective responses to mathematics,
as well as the gender-related lines in this interplay. Futhermore, the model of cognitive-
emotional processes in causal thinking, together with the related research results of
mathematics education, was applied to analyze the linkages between the specific aspects
of pupils´ self-appraisals and the arousals of their self-affects with respect to
mathematics. These considerations focused on pupils´ essential experiences of self-
esteem, self-control, and personal agency in relation to mathematics learning and
performances, as well as on the gender-related differences in these.                

The dynamics between pupils´ self-appraisals and significant affect, and the social,
contextual, or socio-cultural environmental features, were analyzed by developing a view
of individual-environmental mental interaction behind self-appraisals and affect. In this
interaction, various external factors of school mathematics learning were viewed to
represent an external background scene or dynamic contextual functions for pupils´
affect-cognition interplay, and pupils´ operating mind was seen to constitute the internal
and primary scene for this interplay. Pupils´ appraisals and affect were viewed to arise
within this important interplay of individual and, on the other hand, environmental or
socio-cultural and situational aspects of school mathematics learning. This dynamic
interaction was noticed to function in two directions, from pupils´ unique mental
processes to the social environment, and vice versa. According to the here adopted
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constructivist perspectives, unique situational aspects, as well as pupils´ active role in
their interpretations of environmental aspects of mathematics learning, was stressed.
However, the main considerations were joined with the interaction from the
environmental aspects towards pupils´ personal interpretations and appraisals, and
further towards their significant affect to mathematics. These influences can be described
as the external regulators of pupils´ affective experiences and personal learning processes
with mathematics (see Chapter 7). Recent socio-cultural perspectives to mathematics and
school mathematics learning were utilized and applied to our notions of affect-cognition
interaction in a social school learning environment. Various aspects of classroom
interactions were joinned with this individual-environmental interplay behind affect. 

Moreover, the qualities of the individual-environmental interaction and the changes in
pupils´ appraisals and affect with mathematics were analyzed in relation to more direct or
indirect environmental influences. Task-specific features, associated with the particular
aspects of mathematics and mathematical tasks, were included in direct environmental
influences on affect, whereas various socio-cultural mathematical beliefs or perceptions,
significant other persons, as well as specific written or additional mediatory aspects were
classified as indirect environmental effects. A special role was given to particular socio-
cultural mathematical beliefs and conditions for school mathematics learning. Linkages
between pupils´ self-beliefs and self-appraisals behind their affect and the specific socio-
culturally reinforced mathematical constructions, as well as some significant classroom
conditions, were created by applying the related research results of mathematics
education. A special interest was attached to the impacts of these environmental
influences on gender-related differences in mathematical self-appraisals and affect.
Furthermore, references were made to some larger socio-cultural features or conditions
that may have significant impacts on the classroom life as well as the qualities of pupils´
self-appraisals and affect with mathematics. In all, this chapter answers research question
1, with respect to the conceptualizations attached to a social learning environment in the
research of education and mathematics education. We connected these aspects to pupils´
self-appraisals and self-affects in school mathematics learning. Basically, we answered
research question 2 by creating the linkages between pupils´ mental processes and
various contextual or socio-cultural features of mathematics learning situations. In these
linkages, we focused on pupils´ significant interpretations and self-appraisals as
mediators of affect in these linkages. The significant effects of both the contextual aspects
and the socio-cultural views or mathematical beliefs on pupils´ self-appraisals and self-
affects were stated to be mediated through this individual-environmental mental
interaction. Significant differences in self-appraisals and affect to mathematics were
found due to the qualities or variation of this interaction. 

In Chapter 7 and 8 we will join this individual-environmental interaction further to the
qualities of pupils´ self-regulatory aspects in their personal mathematics learning
processes. Here we may conclude that various contextual functions and socio-cultural
features act behind pupils´ significant interpretations, evaluation, and affect with respect
to mathematics. These determine the frames of reference for their unique self-
perceptions, as well as the development of their important personal mathematical belief
systems and often “harmful” affective responses to mathematics. However, when we
stress unique mathematics learning situations and pupils´ unique interpretations and
evaluations of self in relation to mathematics, we give special significance to their
constantly ongoing personal learning processes with chances of a situation and personal
agency. Unique constructive processes, together with active reflection and regulation of
one´s evaluative and learning processes as well as the aspects of an environment, make it
possible to view pupils as active agents who make choices, not only of the qualities of
their mental constructions behind affect, but also of adequate mathematics learning
environments. This includes active constitution of and influence on affective experiences
by affecting the various significant environmental features of mathematics learning
situations (c.f., Bandura, 1993; Helmke, 1994; Markus & Wurf, 1987). These self-
regulatory aspects of personal mathematics learning processes and affective experiences
will be considered next.                        
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7 SELF-REGULATORY PROCESSES WITHIN THE
DYNAMICS OF AFFECT AND COGNITION

In this chapter we will deepen our perspective towards pupils´ mathematical self-systems
and self-system processes. We concentrate on the core of their affect-cognition linkages
in mathematics learning, that is, on the various influential aspects and components of
their self-regulatory processes and personal agency in mathematics learning situations.
Moreover, these aspects and considerations will represent the core of our dynamic
presentation of affect and cognition. We will first have a look at the conceptualizations
and notions of metacognition, self-regulation, and self-regulated learning that have
appeared in recent education research and mathematics education. These examined
aspects will later be applied to our considerations of pupils´ self-systems or self-system
processes and linked with their individual-environmental mental interaction in
mathematics learning. More specifically, we will examine the qualities of pupils´ self-
regulatory processes with respect to their significant mathematical beliefs and affective
experiences or self-states, and mathematics learning actions or intentions. Various self-
regulatory acts and components will be discerned in pupils´ personal mathematics
learning processes, and an essential qualitative distinction in their personal learning and
self-system processes will be made due to efficient and inefficient self-regulatory
processes. Higher order self-regulatory processes and higher states of self-awareness are
enhanced core aspects of our understanding of efficient self-regulated learning and of
fully functioning self-system processes in mathematics learning situations, the nature of
which will be illustrated at the end of this chapter. Accordingly, this chapter answers
partly research questions 1 and 4 and fully research question 3.               

Mathematical (and general) self-beliefs and self-belief systems were above seen to
represent the daily central limits for and/or common organizers of pupils´ interpretations
and self-appraisals behind their significant affective responses to mathematics. In this,
pupils´ significant beliefs and perceptions about self, about mathematics learning, about
mathematical ability, skills, and actions, as well as about their own mental and affective
states constitute a framework for their self-appraisals or self-judgments, but also for their
self-directive acts in mathematics learning situations. These personal self-directive
aspects of self-system processes in mathematics learning are here viewed to get their
power especially by the functioning and qualities of pupils´ metalevel self-regulatory
processes. We consider these essential self-system processes as pupils´ higher order
mental processes and higher order personal or covert functional scene in mathematics
learning situations. By these higher order processes pupils will experience, channel,
generate, and/or modify all other forms of their personal processes or mental states
related to their mathematical knowledge, performance actions, and affective responses.
Depending on the qualities of these processes, pupils´ other personal or situational
features, as well as of environmental effects, these higher order mental processes have
different impacts on or power over the functioning and impacts of their common
mathematical self-systems. 

Our emphasis on these metalevel and self-regulatory processes is consistent with the
more general interest in personal constructive and self-directive aspects in recent research
on mathematical problem solving as well as general educational research on motivational
or self-system processes.713 We will link this higher order dynamic personal scene and
activity with all kinds of pupils´ self-reflective and self-regulatory acts with their own
mental, affective, and behavioral constructions, processes, or states that are further
conditioned by various social or contextual environmental aspects of school mathematics
learning. We consider that through this scene pupils are able to actively regulate their
mathematics learning activities, affective responses, as well as mathematics learning
environments, but also to actively and creatively direct their further construction of
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aspects with self-regulation or self-regulated learning again have been developed within
action control or systematic control theories and recently especially within socio-cognitive
psychological research with emphasis on social and overt behavioral mechanisms
(Bandura, 1986, 1994; Schunk, 1989b; Zimmerman, 1989b). The latter has been
developed especially by B.J. Zimmerman and his colleques within the educational
research domain. Below, we will take notice of both of these perspectives to metalevel
processes, in which we emphasize our process-based view of pupils´ mental components
or constructions with notions of pupils´ constantly ongoing mind or mental processes in
mathematics learning.715 As viewed to be based on most frequently conscious self-
reflective processes,716 the often found difficulties in dealing with metalevel processes are
probably due to the many-faceted or complex aspects involved in these, as well as to the
inaccessibility of these covert processings by the research methods used, e.g. in
mathematics education studies (c.f., Brown, 1987; McLeod, 1989b; Paris & Winograd,
1990; Schoenfeld, 1985b; Weinert, 1987; White, 1988). We will approach pupils´
metalevel processes from a dynamic point of view that stresses not only the significance
of these processes for pupils´ general ongoing covert and overt learning activity, but as
essential aspects of their self-experiences, self-system processes, and self-manifestation
in mathematics learning situations. Thus, these processes do not represent only one
additional category of their mental processes, but more importantly are engaged in their
individualistic and unique situational forms of experience and regulation of the self and
other persons, or social environment in mathematics learning situations, i.e., in their
personal self-system processes, personal agency, and self-developmental processes. 

General Notions of Metacognition

The term metacognition is derived from developments within cognitive-psychological
studies of human information processing and understanding, especially from J. Flavell´s
work on metamemory in cognitive science, in which it is also referred to such constructs
as metamemory, control processes, executive function, reflective intelligence or reflected
abstraction (Brown, 1987; Flavell, 1979; Lewin, 1991; Piaget, 1976; Schoenfeld, 1983;
Silver, 1985; Stenberg, 1979; Weinert, 1987; White, 1988). These are further consistent
with such analogues as rigorous thinking, autonomous thinking, or postulational
thinking that have been used throughout the history of mathematics education
(Crosswhite, 1987; Silver, 1985) or with common recent terms like “thinking about
thinking,” “critical thinking,” or “self-reflection.” All these notions have been used to
denote one´s access, consideration, or control over one´s thoughts and thinking (Brown,
1987). Within educational studies, this is applied to memorization, reading, text
comprehension, social interaction, and general problem solving,717 and have been further
adopted to mathematics educational studies, in particular to the studies of mathematical
problem solving (McLeod, 1988; Schoenfeld, 1987; 1992; Silver, 1985). 

Mathematics education researchers strongly base their understanding of metacognition on
one of the first definitions of metacognition given by J.F. Flavell. Accordingly (1976;
1979), metacognition refers to one´s knowledge concerning one´s cognitive processes
and products and the cognition of others, which in addition to awareness of one´s
cognitive processes, also includes active monitoring, regulation, and control of cognitive
objects and activity (see Silver, 1985; Schoenfeld, 1985b).718 The latter (i.e., static
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715 This view is again consistent with the more general emphasis laid on process-related aspects in recent
psychological and educational psychological research (see Sections 5.3.3 and 5.4; e.g., McCombs, 1989;
1991; Weiner, 1990; Weinert, 1987; Zimmerman, 1989a).
716 Bandura, 1986; Berardi-Coletta et al., 1995; Brown, 1978; 1987; Flavell, 1979; Iran-Nejad, 1990;
Schoenfeld, 1987; White, 1988.
717 E.g., Brown, 1987; Garofalo, 1987; Malmivuori & Niemivirta, 1994; Yussen, 1985.
718 This duality of metacognition has been further developed by A.L. Brown (1978; 1987), who
distinguished between static metacognitive knowledge and strategic metacognitive knowledge (or
metacognitive skills).



metacognitive knowledge) refers to one´s conceptions of his or her own cognitive
functioning, and the former (i.e. strategic metacognitive knowledge) to such managerial
processes as planning and timing, predicting of the consequences of actions, controlling
actions in operation, or monitoring and regulating learning actions (Brown, 1978; 1987;
Brown et al., 1983). From these developments, together with the involved
methodological background consisting of self-reports and interviews (c.f., Paris &
Winograd, 1990) comes the general idea of metacognition as awareness-monitoring-
regulating (e.g., Haller et al., 1988).

Although attention has been directed to metacognition and it has been viewed to lie at the
core of learning processes in recent mathematics education studies, the concept itself has
remained obscure.719 Preferences for concepts of monitoring and executive decisions
instead have accompanied these studies (see, e.g., Brown, 1987; Kluwe, 1987). The
only aspect that researchers from various domains seem to agree with is the
categorization of metacognition into: a) one´s knowledge of cognition and cognitive
processes; and b) regulation of these cognitive processes. The first category refers to
stable, stateable, often fallible and often late developing information about individuals´
cognitive processes.720 The latter (i.e., “knowing how”) refers to relatively unstable and
age- or task- and situation-dependent activities used to regulate and oversee learning.
Even if some researchers view this separation as somewhat artifical or unnecessary, it has
widely dominated research on the subject (see Brown, 1987). Within educational
research domains these categories denote pupils´ metacognitive skills,721 viewed s related
especially to pupils´ ability to apply their knowledge in general, and especially in taxing
conditions.722

Further developments with the construct of metacognition have been presented by
researchers in order to connect the traditional domain of the concept with recently widely
studied subjects, e.g. within motivation research.723 For example, Paris & Winograd
(1990) define metacognition as knowledge about cognitive states and abilities that can be
shared among individuals to include also affective and motivational characteristics of
thinking, e.g., emotionally charged metacognitions consisting of pupils´ expectations,
perceptions of the task, and attributions for success and failure. Borkowski et al. (1990)
stress metacognition as a significant source of pupils´ deficiences in learning and
performing caused, e.g., by inadequate attributions for personal successes and failures.
Flavell (1987) in his reformulation outlines metacognitive knowledge as any kind of
psychological knowledge or states like beliefs and individual emotions or motives.
Metacognition would include also any kind of conscious monitoring such as attempts to
monitor one´s own motor activity in a motor skill situation. Brown (1987) presents a
broad view of metacognition as understanding of knowledge, reflected either in effective
use or overt description of the knowledge (p. 65), whereas, White (1988) presents a
two-stage model of metacognition, both as an outcome of learning or training and as a
cause of better learning. Recent notions of metacognition have not only approached the
action control theories of self-regulation, but also research on motivation in education.
More particularly, we view these notions as more closely linked with those aspects of
learning and behavior that are associated with pupils´ self and self-system processes and
that will be applied in the chapters below.                          
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White, 1988.
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721 See, e.g., Borkowski et al., 1990; Garofalo, 1987; Garofalo & Lester, 1985; McLeod, 1989b; Paris &
Winograd, 1990; Schoenfeld, 1987; Silver, 1987; Vauras & Silvén, 1986; White, 1988.
722 Bandura, 1993; Corno, 1989; Paris & Byrnes, 1989.
723 E.g., Borkowski et al., 1990; Paris & Winograd, 1990; Weinert & Kluwe, 1987.



Metacognition Considered Within Mathematics Education Research

Metacognition has gained attention, especially within mathematical problem solving
studies, as the most important feature in determining pupils´ behaviour (Garofalo 1987;
McLeod 1989a; Schoenfeld 1985b,1992; Silver 1985).724 The concept or phenomenon
has been interpreted as one of the “driving forces” that often determine pupils´ success or
failure in mathematical problem solving performances (Lester et al., 1989; Schoenfeld,
1985a, 1987; Silver & Marshall, 1990). As distinct from pure cognitive behaviour,
pupils´ metacognitive mathematical functioning is seen to represent control or executive
processes with executive decisions about planning, evaluating, monitoring, and
regulating their own mathematical resources, that is, their awareness of their own
cognitive processes, and their need to make decisions on these processes. Especially,
pupils´ ability to effectively control and regulate their own mathematical knowledge,
skills, or their affective responses in various mathematics learning situations (McLeod,
1988; Schoenfeld, 1985a) are further viewed as closely tied with pupils´ significant
mathematical beliefs, attitudes, and affective responses, but also as influenced by the
contextual features of a mathematics learning situation.725

Two main conceptualizations have been offered that connect metacognition to
mathematical problem solving. Schoenfeld (1983, p. 331) outlines a theoretical basis
through pupils´ cognitive resources, their executive or control decision-making, and their
belief systems (see also Schoenfeld, 1991). Pupils´ monitoring, assessment, and
decision-making, together with their conscious metacognitive acts, represent their
executive or control behavior in problem solving settings as derived from their
knowledge, beliefs, and values attached to mathematics learning settings, and from the
degree of their conscious reflection on these or on their own learning actions. These
constitute pupils´ “driving forces” that, together with an “objective” learning setting,
constitute a framework for their “pure cognition” (p. 349). Both the conscious
metacognitive acts and unconscious beliefs about contextual or situational mathematics
learning features726 shape pupils´ (cognitive as well as affective) behaviour in
mathematical performances. However, the more pupils are aware of these driving forces
behind their actions, the more they can affect and direct their actual mathematics learning
actions in problem solving situations (Schoenfeld, 1983, p. 350). 

Garofalo & Lester (1985) offer a more detailed description based on the subdivision of
metacognition made by Flavell (1979). Accordingly, metacognition consists of
(metacognitive) knowledge about a performance in relation to person, in relation to task,
or in relation to strategy, as well as knowledge about the interactions between these three
categories of objects (c.f., Flavell & Wellman, 1977; Flavell, 1987). The person category
involves pupils´ knowledge or beliefs about their own capabilities and limitations with
mathematics and mathematical tasks or topics. The task category refers to pupils´
knowledge or beliefs about the subject of mathematics and the nature of mathematical
tasks.727 The strategy category of metacognitive knowledge includes pupils´ knowledge
or beliefs about algorithms and heuristics, or about strategies, such as for understanding
problem statements, planning solutions, executing plans, or checking results (1985, p.
167-168).  

As an example of the metacognitive knowledge about the interactions of person and
task, Garofalo and Lester (1985, p. 168) mention pupils´ estimate of a task´s difficulty
and preference for certain type of tasks. Person-by-strategy interactions consist of such
things as pupils´ familiarity with and confidence in using useful strategies, and task-by-
strategy interaction refers e.g. to pupils´ knowledge or beliefs that a particular type of
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724 That in fact represented the most important framework for more general studies of metacognition.
725 See Garofalo, 1987; Lester et al., 1989; McLeod, 1988; 1989b; Schoenfeld, 1983, 1985a; Silver,
1985.
726 E.g., pupils´ perceptions of the self and their relations to the task or the environment.
727 E.g., the context or structure and the effects of these on task difficulty.



task require specific approach strategies to be comprehended or specific heuristics to be
solved. 

All the involved knowledge or beliefs contribute to pupils´ decisions to regulate their
activity during mathematical performances, i.e. their metacognitive skills. Based on the
developments made e.g. by Sternberg (with metacomponents; see, e.g., 1986), by Pólya
(1945), and by Schoenfeld on cognitive functioning, Garofalo & Lester further mention
four categories of cognitive-metacognitive behavior with subcategories, in which pupils´
metacognitive decisions are likely to influence their cognitive actions: orientation,
organization, execution, and verification (p. 171).728 The appearance of these
metacognitive decisions depends on factors such as the extent to which the processes in
the question are required in a given task.  

Both of the presented models of metacognition can be interpreted to deal with pupils´
mathematical beliefs, as well as their related affective responses, as important factors in
characterizing or explaining pupils´ metalevel functioning with mathematics. Garofalo &
Lester´s developments consider metacognitive knowledge mainly as conscious thoughts
that influence pupils´ (conscious) metacognitive decisions, whereas Schoenfeld also
views unconscious or preconscious mathematical beliefs as effective forces behind their
metalevel decisions. In addition, Schoenfeld views the degree of pupils´ awareness of
their own mental activity as an important aspect in determining the extent of their
metacognitive control over their own mathematical performances. He also takes notice of
the situational or environmental mathematics learning effects on pupils´ metalevel actions
(see also Schoenfeld, 1985a).729 According to Schoenfeld´s (1991) reformulation,
metacognition can be divided into metacognitive knowledge, control or self-regulation,
and belief systems. The first category consists of assessments or judgments of
individuals´ mental capacities or behavior.730 Control or regulation concerns the ability to
monitor, assess, and modify behavior in the midst of performing complex tasks like
mathematical problem solving. Belief systems form the set of (possibly implicit)
understanding of self, mathematics, and the nature of mathematical thinking. Especially,
pupils´ perceptions of their own mathematical knowledge, abilities, and skills have been
attached to their self-regulatory actions in unfamiliar or complex mathematical problems
(Garofalo & Lester, 1985; Silver, 1987). These seem to directly affect their utilization of
their own knowledge, as well as their actual implementation of (cognitive) actions in the
form of cognitive judgments, decisions or choices (Schoenfeld 1985a, 1987).731

General Aspects with Research on Self-Regulatory Processes

The concept of self-regulation has appeared in psychology in different forms and is
founded on different and more variable theoretical startpoints or research questions than
the notions of metacognition. Hence the related terms, expressions, concepts, and
developments differ from each other, as well as from those notions or aspects applied
within research on metacognition (c.f., Brown, 1987; Zimmerman, 1994). Systematic
empirical research on self-regulation derives from early applications of social behavioral
studies with information-processing perspectives to such topics as vicarious learning
processes and problems in adult self-control in the 1960´s (Kanfer & Kanfer, 1991).
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728 Orientation involves strategic behavior to assess and understand a problem, organization refers to
planning of behavior and choice of actions, execution to regulation of behavior to conform to plans, and
verification to evaluation of decisions made and of outcomes of executed plans. 
729 For example, interpreted social demands may direct pupils´ metalevel decisions and affective responses
through their evoked and processed mathematical beliefs (see Section 8.4). 
730 I.e., a critical component of the “feedback loop” (see the text below).
731 These self-regulatory processes (called metacognitive processes or skills; see McLeod, 1988;
Schoenfeld, 1987; Silver, 1987; Vauras & Silven, 1986) are viewed to include, for example, decisions on
when, why, and how to explore a task, plan courses of actions, monitor solving actions, or 
evaluate progress and results (Garofalo, 1987).



Later, the subject has been studied also within the action psychological framework, by
operant theorists, by system theoretical approaches to action control, and recently in
volitional analyses of behavior and by phenomenological theorists.732 To mathematics
education research the concept entered from socio-cognitive theories and the notions of
self-efficacy, but can be viewed to pertain also to other educational theories, as e.g. to the
attributional theory of B. Weiner (1977; 1986) or to the motivational models presented by
Nicholls (1984) and Dweck (1986) of the variation in pupils´ learning goals.733 These
theoretical linkages will also be applied in our considerations below.

Even though these two concepts metacognition and self-regulation deal with very similar
activities or processes, the two do not have any equivalent meaning. For example, the
former concept is more engaged in cognitive science framework and in general
information processing (i.e., cognitive) assumptions, whereas the latter concept has been
traditionally developed within the aspects of general human behavioral mechanisms or
action procedures and activity emerged in social contexts. However, the recent various
developments with self-regulated learning have offered fruitful attempts or paths to bring
the two research domains or traditions closer to each other. Accordingly, self-regulatory
functions are acknowledged to be included in metacognition and as integral to learning
(Brown & DeLoache, 1978; Brown, 1987; Schoenfeld, 1991; Zimmerman, 1989a). On
the other hand, metacognition is regarded as essential for the development of self-
regulated learning and problem solving (Bandura, 1986; Borkowski et al., 1990; Paris &
Winograd, 1990; Schunk, 1989b; Zimmerman, 1994). In this study we consider and
even stress the kinds of pupils´ mental and behavioral aspects in their personal
mathematics learning processes that link these two concepts together. These combining
features are intertwined with pupils´ self-assessments, their optional and self-directive
mathematics learning behaviors, their levels of consciousness or degree of self-
awareness, and the appearance of their personal agency in mathematics learning
situations, i.e., with their mathematical self-systems processes. In order to present our
theoretical basis for a dynamic examination of pupils´ metacognition and self-regulation,
we shortly present the main recent perspectives attached to self-regulation or self-
regulated learning. These different perspectives become, then, linked together in our
analysis of pupils´ self-system processes.   

In more extensive form, the phenomenon or construct of self-regulation include various
psychological perspectives, most of which include three general types of strategies:
planning, monitoring, and regulating.734 The work of L. Vygotsky and the related activity
theory (Engeström, 1987; 1998) view external regulation735 to develop through
socialization processes and actions in social interactions into inner or egocentric speed,
and further into internal self-regulatory behaviors (c.f., Kuhl & Kraska, 1994;
Rohrkemper, 1989; Zimmerman, 1989a). A systematic behavioral description of self-
regulation is offered by the so-called operant theorists´ perspective which stresses
environmental control and B.F. Skinner´s (Skinner et al., 1988) behavioristic approaches
to human functioning with stimulus-response terms (Mace et al., 1989; Zimmerman,
1989a). These theories consist of overt subprocesses like self-monitoring, self-
instruction, and self-reinforcement activity without an involvement of the actor or
processor behind it (Mace et al., 1989). A system theoretical or control-theory approach
by Scheier and Carver (1982) includes self-focused attention and a general self-oriented
feedback loop in describing self-regulatory behaviors. This widely accepted feature of
self-regulation (see, e.g., Zimmerman, 1989a) refers to a cyclic process or cybernetic
control in the form of a negative feedback loop with a discrepancy reduction in which
pupils monitor the effectiveness of their learning methods or strategies and respond to
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732 See Corno, 1989; Corno & Kanfer, 1993; Kuhl & Kraska, 1994; McCombs, 1989; Weinert, 1987;
Zimmerman, 1989a.
733 C.f., Borkowski et al., 1990; Kanfer & Kanfer, 1991.
734 C.f., Pintrich & Schrauben, 1992.
735 I.e., regulated by external norms and expectations.



this feedback in a variety of ways.736 These behavioral control systems can be ordered
hierarchically, the output functions varying between pupils´ covert changes in their self-
perceptions and overt changes in their behaviors.737

In regard to constructivistic views of self-regulation or self-regulated learning dealing
with acquired action schemas or scripts as organizers of one´s mental or overt behavioral
activity, we can point to Piaget´s distinction between three primary types of self-
regulation: autonomous, active, and conscious regulation. The first, most simple, form
of regulation represents an inherent part of “knowing act.” In active regulation, learners
are engaged in constructing and testing “theories-in-action,” and the most mature
regulation, named conscious regulation, involves the mental formulation of hypotheses
capable of being tested via imaginary confirmatory evidence or counter examples (see,
e.g., Brown, 1987). Paris & Byrnes´ (1989) constructivist view of self-regulation
stresses pupils as scientists who constitute an overarching theory of self-regulation,
comprised of four component theories: self, effort, academic tasks, and instrumental
strategies. These theories have a proactive influence on pupils´ expectations, attitudes,
and effort as well as a retroactive role in personal explanation. They integrate thoughts
and feelings that pupils use to form intentions and realize their goals (p. 194). The most
common of the components, i.e. instrumental strategies, refers to deliberate mental and
physical actions to process information and to manage time, motivation, and emotions. 

Within mathematics education research, the most frequently applied social-cognitive
perspective studies such self-regulative processes as self-reinforcement, standard setting,
delay of gratification, goal setting, self-efficacy perceptions, self-instructions, and self-
evaluation (Bandura, 1986; Zimmerman, 1989b). The most important contributions are
derived from the social learning theory of A. Bandura and his triadic model of human
functioning with interdependent personal, behavioral, and environmental influences.738

These influences appear and develop reciprocally with pupils´ beliefs about their learning
goals and beliefs about self-efficacy (Bandura, 1986; 1993; Schunk, 1989b;
Zimmerman, 1989b). The three different but interacting subprocesses of self-regulation
of behavior by internal standards and self-incentives are represented by self-observation,
self-judgment, and self-reaction (Bandura, 1986, p. 337). Self-observations give rise to
pupils´ self-evaluations, and these cognitive judgments are assumed to lead to different
personal and behavioral self-reactions through enactive experiences, modeling, verbal
persuasion, and the structure of learning context.739

The most frequent notions of self-regulated learning refer to Zimmerman´s social
cognitive description of self-regulated learners as metacognitively, motivationally, and
behaviorally active participants in their own learning process (Zimmerman, 1989a;
1990). He presents the triadic analysis of self-regulation through covert self-regulation
processes, behavioral self-regulation processes, and environmental self-regulation
processes (Zimmerman, 1989b, p. 330) and distinguishes between self-regulation
processes740 and strategies designed to optimize these processes741 (1990). The latter
depend not only on pupils´ knowledge of strategies, but also on their metacognitive
decision-making processes and performance outcomes (Zimmerman, 1989b, p. 332).

182

736 The closed or constantly continuing loop of control consists of an “input function” sensing of some
existing state or quality, of a “comparator” comparing the sensed value against a reference value, 
and of an “output function” or behavior (Scheier & Carver, 1982).
737 A self-oriented feedback loop is presented also in closer connection to pupils´ affective self-experience
states called optimism against pessimism, and the consequences of these on their direction of their 
own learning behaviors (see Section 7.4; Carver & Scheier, 1988, 1990b).   
738 “Behaviour is, therefore, a product of both self-generated and external sources of influence” and “Most
external influences affect behavior through intermediary cognitive processes” (Bandura, 1986, p. 454).
739 Bandura, 1994; see also Schunk, 1989b; Zimmerman, 1989a/b.
740 E.g., perceptions of self-efficacy.
741 E.g., intermediate goal-setting.



Self-regulated learning occurs to the degree that pupils can use personal (i.e., self-)
processes to strategically regulate their behavior and immediate learning environment
with goal-directed cognitive activities that they instigate, modify, and sustain.742 These
include specific self-regulated learning strategies to achieve academic goals, self-efficacy
perceptions of performance skill, and commitment to academic goals, i.e., directed at
acquiring information or skill that involve agency, purpose, and instrumentality
perceptions by learners.743 Schunk´s (1984; 1989b; 1991) contribution to the social
cognitive theory of self-regulated learning includes the high weight given to goals and
goal construction for pupils´ ability and willingness to self-regulate their own learning
processes. 

The here stressed other perspectives to self-regulated learning include phenomenological
orientation that views pupils´ self-regulation to depend on the development of their
perceptions of self, self-worth or self-esteem, self-identity, self-actualization, and self-
system structures in general and the processes of self-awareness, self-monitoring, and
self-evaluation.744 Harter (1985) speaks of self-regulatory processes as self-evaluation
processes, self-observation, and self-reward. McCombs (1989) emphasizes the role of
pupils´ self-evaluations and self-experience states in their self-regulatory activity, the
quality of which influences their use of other self-regulatory processes, including
planning, goal-setting, monitoring, processing, encoding, retrieval, and strategies, and
hence, pupils´ self-system structures and processes. McCombs & Marzano (1990)
illustrate self-regulated learning as the outcome of choosing to enagage in self-directed
metacognitive, cognitive, affective, and behavioral processes and skills. Markus & Wurf
(1987) introduce the so-called “working self-concept” as that which regulates
individuals´ ongoing actions and reactions involved in intrapersonal processes745 and in
interpersonal processes.746 Three steps of self-regulation are suggested from goal
selection or setting, through planning and strategy selection, to the final step of
performance execution and evaluation in which pupils´ self-monitoring and self-
evaluation processes assist the maintenance of attention, comparison of actual and
desired goals, and attempts to reduce performance discrepancies.           

Furthermore, we will apply below volitional analyses of self-regulated learning. Kuhl´s
(1984; 1987) theory of action control systems with volitional control strategies include
encoding control, action control, emotion control, motivation control, attention control,
intention control, coping with failure, and self-reflective thinking.747 The efficiency of
self-regulated learning is viewed to be affected by pupils´ self-awareness and interplay
between state- versus action-orientation. Kuhl & Kraska (1994) follow these
developments and define self-regulation as the ability to behave according to one´s own
intentions in a flexible way, whereas Corno (1989; 1994) stresses the difference between
motivational and volitional aspects of self-regulated learning, and focuses on pupils´
ability to protect their intentions to learn from various distractions or competing
intentions.748 Self-regulated learning is defined as internalization of learning and task-
management strategies, coupled with the ability to mobilize and maintain them when
situations demand, i.e. volition. These represent the mechanisms that kick in to control
concentration and aid progress in the face of environmental and personal obstacles to
academic learning (Corno, 1989, p. 112), and are viewed as metacognitive,
metamotivational, and meta-affective processes.
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742 See Zimmerman, 1989b, p. 330; Schunk, 1989b.
743 Zimmerman, 1989b, p. 329; see also Paris & Byrnes, 1989; Pintrich & DeGroot, 1990.
744 Markus & Wurf, 1987; McCombs, 1989; McCombs & Marzano, 1990; c.f. also Borkowski et al.,
1990; Harter, 1985; Markus & Nurius, 1986.
745 I.e., in self-relevent information processing, affect regulation, motivational processes.
746 I.e., social perception, social comparison, seeking out interactions with others.
747 C.f. also Boekaerts, 1995; Kuhl & Kraska, 1994; Zimmerman, 1994.
748 I.e., postdecisional processes.



According to several developmental descriptions of self-regulation, the direction is from
external or other-regulation toward more mature internal regulation of behaviors.749

External conditions significantly influence the appearance, as well as development, of
pupils´ self-regulatory activity in learning. Hence, we will connect pupils´ self-regulatory
processes in mathematics learning situations to their internal or covert and more or less
explicit metalevel processes that proceed during schooling, maturation, training, and
personal mathematics learning experiences within the external or socio-cultural
conditions prevalent in these situations.750 By these processes they not only reflect on and
judge themselves and their mental, affective, and behavioral states or processes, but also
come to generate, organize, initiate, monitor, direct, and regulate or control these
personal states and processes, including their longer-term personal aspirations, regards,
intentions, plans, efforts, and activity with respect to mathematics and mathematics
learning, as well as the contextual or socio-cultural features of mathematics learning.
Furthermore, these self-regulatory processes are essentially interwined with pupils´
unique construction and reconstruction of mathematical beliefs, affective responses, and
behavioral patterns (or self-systems), within the context constituted by their self-
understandings or self-appraisals and related important affective self-states in socio-
culturally determined mathematics learning situations. Our special interest in this is how
pupils´ mathematical beliefs, particularly their self-beliefs, together with their
accompanied highly important and influential affective responses emerge in mathematics
learning or performance situations and take part in, dominate, or determine the qualities
of these highly personal and self-directive mental processes. We also examine to what
extent and through which aspects of personal self-system processes pupils may
overcome the often involved deleterious effects of their mathematical beliefs and affective
responses, and pursue truly optional mathematics learning behaviors.751 Accordingly,
self-regulation is here understood, as in phenomenologists´ or self-theorists´ views of
self-regulation, as the essential self-system processes in experiencing, learning, and
performing with mathematics.   

7.2 Enhanced Elements of Metalevel Self-Directive Processes

Below we will examine the significant qualities attached in this study and also in recent
psychological and educational literature to metacognitive and self-regulatory processes as
a category of one´s personal functioning. The presentation will offer a picture of the
important phenomenological features that we attach to the dynamic core of pupils´
metalevel and self-directive personal processes. These aspects represent the kind of
views or ideas of human metalevel functioning that are still under continual development,
but that are regarded by several researchers and theorists as highly important or essential
qualities of metacognition and learning, and also significant for future psychological and
educational research.752 Here we interpret these features of metalevel processes as the core
impacts in dealing with the dynamics of pupils´ affect, cognition, and social environment
in their personal mathematics learning processes. They are associated with the primary
and comprehensive role that metalevel processes in general have in one´s operating mind,
with the higher levels or degrees of consciousness involved in (higher order) metalevel
processes, and with the appearance and development of pupils´ personal agency as
connected with these two other features.           
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749 E.g., the Vygotskian view; see Brown, 1987; Corno, 1989; Zimmerman, 1989a.
750 See Section 8.4, c.f. also Corno & Kanfer, 1993, Kanfer & Kanfer, 1991; Ryan & Stiller, 1991;
White, 1988.
751 See also, e.g., Ryan & Stiller, 1991.
752 See, e.g., Brown, 1987; McCombs, 1991; Weiner, 1990.



Metalevel Processes as Higher Order Mental Processes

As presented above, metacognitive processes in general are viewed to constitute a part of
one´s cognitive processing that is based on reflection, self-recognition, or knowledge of
one´s own cognitive actions.753 No basic difference lies between the general
characteristics of metacognitive and cognitive processes.754 Generally, ordinary cognitive
processes have been described as highly automatic operations functioning rapidly and
without high personal exertion, whereas metacognitive processes are seen to represent
higher order cognitive processes, strategies, skills, or intellectual activity through which
all other mental (as well as behavioral) activity is constructed, systematized, and
controlled (Flavell, 1979; Lewin, 1991; McCombs & Marzano, 1990; McLeod, 1988;
Pintrich & DeGroot, 1990; Schoenfeld, 1991). Moreover, conscious higher order
metalevel processes or self-regulatory behaviors are seen to be activated or to expose
their nature more in difficult, complex, unusual, or important performance situations, and
in the face of environmental or personal obstacles to academic learning instead of
customary behaviors or in habitual environmental contexts.755 Multiciplicity or complexity
of mental operations is attached to metalevel academic self-regulatory processes. These
are seen to represent a sift from the usual (cognitive) realm of focus to the level of self-
reflections with a broad database of different kinds of knowledge and integration of
procedural as well as domain specific knowledge from different sources, and involve
both cognitive and metacognitive strategies (c.f., Berardi-Coletta et al., 1995; Borkowski
et al., 1990; Garcia & Pintrich, 1994; Iran-Nejad, 1990; Kluwe, 1987; Paris &
Winograd, 1990; Pintrich & DeGroot, 1990).756 The complexity is reflected further in the
high variation of these processes between individuals and along with age, mental states,
or e.g. with the particular mathematics learning context or situation in question (c.f.,
Corno & Kanfer, 1993; McLeod, 1988, 1990; Roberts & Erdos, 1993).    

The high generality, together with the multiciplicity of pupils´ higher order metalevel and
self-regulatory learning processes, can be connected further with the high flexibility
attached to these processes.757 By this it is referred to individuals´ ability to personally
construct complicated or qualitatively different holistic mental constructions from purely
mental objects in flexible and dynamic ways (c.f., Iran-Nejad, 1990; Konold & Johnson,
1991). This makes pupils able not only to integrate information or knowledge from
different sources, but also to apply it simultaneously, actively, and creatively by their
constructive mental processes (c.f., Marzano et al., 1993; Zimmerman, 1989a).
Accordingly, we view pupils´ personal flavour or individuality to become essentially
included in these processes,758 making these processes genuine personal processes with
their individual interpretations, self-appraisals, affective responses, and behavioral
intentions or aspirations as included.759 In contrast, ordinary or lower order mental
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753 E.g., Brown, 1978; 1987.

754 Malmivuori & Niemivirta, 1994; White, 1988.
755 Bandura, 1986, Corno, 1989; Flavell, 1987; Kanfer & Kanfer, 1991; Kuhl & Kraska, 1994;
McCombs, 1989; McLeod, 1988, Paris & Winograd, 1990; Roberts & Erdos, 1993; Scheier & Carver,
1982; Shapiro, 1987; Weinert, 1987.
756 In this, conditional, procedural, or strategic knowledge is emphasized that refers in particular to the
procedural aspects of metalevel activity, e.g. in the form of monitoring, executive decisions, attentional
focusing, or time management (c.f., Borkowski et al., 1990; Kluwe, 1987; Paris & Byrnes, 1989; Paris
& Winograd, 1990; Pintrich & De Groot, 1990; Shapiro, 1987; Zimmerman, 1994). 
757 E.g., Brown, 1987; Gartman & Freiberg, 1994; Kluwe, 1987; Kuhl & Kraska, 1994; Lester et al.,
1989; Paris & Byrnes, 1989; Schoenfeld, 1985b; Weinert, 1987; and included e.g. in Brown´s (1987)
notion of the wide range of metacognition in learning as understanding.
758 There always exists a genuine individual person behind these mental processes, i.e. between
environmental features or determinants and these processings (see e.g Bandura, 1993; Paris & Byrnes,
1989). 
759 E.g., personal needs or goals (see Chapters 7-8; c.f. also Roberts & Erdos, 1993).



processes are usually (within cognitive science) studied more as universal human mental
acts that do not differ from one person to another or from one situation to another. Unlike
metalevel processes, we may regard these kinds of general mental processes as mainly
reproductive or transmitting activity in nature. Moreover, the dynamic and flexible nature
of higher order metalevel processes can be connected with the high possibilities of these
to vary, change, and become adjusted, e.g., to any particular mathematics learning
context and situation at hand, that is, with a high inclination of these processes to
integration but also to situational specificity.760

A general agreement predominates concerning the variation of the contents, objects, or
focus of pupils´ ordinary or metalevel mental processes.761 Metalevel processes (e.g.,
choosing, planning, monitoring, regulating) are directed toward one´s own cognitions
and cognitive functioning, with the object consisting of pupils´ own mental contents
(i.e., cognitions) and ongoing mental or behavioral activity (e.g., Flavell, 1987). On the
other hand, ordinary cognitive processes are considered as more general or common
(task-related) information processing operations like information reception, recognizing,
manipulating symbols, combining, and analysis of information, or information storage
involved in information aquisition or its use762 and usually dealt with in human
information-processing theories and needed in action realizations (c.f., Flavell, 1987;
Marzano et al., 1993; Silver, 1987). The object of these processings is outside the so-
called processor. This difference is also referred to in the often used notions of
metacognition as second-order cognitions, cognitions about cognitions, knowledge about
knowledge, thoughts about thoughts, reflections about actions, metafunctioning,
metathinking, or thinking about thinking.763 In the intellectual state of metacognitive
processes, pupils are capable of observing their actions “at a distance,” reflecting on
them, and modifying their behavior when needed (Schoenfeld, 1991, p. 889). This
feature, regarded traditionally as an essential and unique human ability, is called reflected
abstraction by Piaget (1976) and reflective intelligence by Skemp (1976), and seen to
constitute important contributions to human problem solving, effective intellectual
functioning, and analyses of academic achievement (Brown, 1978; 1987; Silver, 1985;
Zimmerman, 1989a). However, difficulties have been found in making even this basic
distinction because of the lack of a restricted line between these two forms of objects.764

Another perspective on this difference between higher order metalevel processes and
ordinary, simpler, or more custom cognitive activity can be viewed to relate to the
variation in the activated “processors” behind these. Higher order metalevel or self-
regulatory processes are indicated by terms such as “supervisory processor,” a central
processor, executive system, supervisory attentional system, or decision demon,765 while
ordinary or simpler cognitive processes can be viewed to be carried out by the so-called
lower level or “subprocessors” or subsystems (see, e.g., Bereiter, 1989; Goldin, 1993;
Kuhl & Kraska, 1994). We view this difference to be reflected also in the traditional
(philosophical) distinction between the self as subject and the self as object.766 With
higher order metalevel processes, pupils´ self as subject, their self as knower, or their
self-conscious self represents the “processor”, and their self as object767 represents a
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760 C.f., Brown, 1987; Corno & Kanfer, 1993; Pintrich & Schrauben, 1992; Weinert, 1987; Zimmerman,
1989a.
761 Malmivuori & Niemivirta, 1994; Vauras & Silven, 1985.
762 Also, e.g., in problem solving, decision making, strategy selection.
763 See the text above; e.g., Schoenfeld, 1987; Weinert, 1987; Winne & Butler, 1995.
764 C.f., Brown, 1987; Iran-Nejad, 1990; Weinert, 1987; see also the text below.
765 Berardi-Coletta et al., 1995; Brown, 1978; 1987; Corno & Kanfer, 1993; Scheier & Carver, 1982.
766 See Section 4.4.
767 I.e., self-image, self-related information or knowledge. 



central object of these processes.768 The latter illustrates pupils´ non-reflective subject or
self-unconscious subject without an active awareness of their own substance or existence
and functioning, in contrast with pupils´ highly self-aware agentic subject behind their
higher order metalevel processes and self-regulatory activity.    

Furthermore, this differentiation between the nature of metalevel and ordinary cognitive
processes relates to the generally applied or implicitly accepted aspect of higher order
metalevel and self-regulatory processes as self-directive and self-actualizing personal
processes. Such terms as control activity and the personal volition, willed action,
conscious self-control, or deliberation and exercise of personal agency are included in
these processes.769 By these activities pupils may actively reflect, organize, and direct
their personal knowledge, beliefs, affective responses or actions, but also generate and
express such important human characteristics as personal or intrinsic will, autonomy, and
insight.770 This idea points, then, to metalevel self-regulatory processes as the most
important source or restrictive personal and self-directive power in mathematics learning
processes. Accordingly, we view higher order metalevel processes to represent a
dynamic portrait for pupils´ self-actualization, self-determination, and self-fulfilment,771

but also the essential scene for their affective tones to emerge or to be experienced, to
influence their other personal functioning, and to be regulated in mathematics learning
situations.772 Thereby, we consider these processes to represent the core of the dynamics
of pupils´ affect and cognition in personal mathematics learning processes.773

States of Consciousness in Metalevel Processes

One of the main differences between (higher order) metalevel and ordinary cognitive
processes has been linked to the variation in degrees of consciousness or self-awareness
in these processes. The former most often (especially within cognitive science) are
considered as clearly conscious processes, in contrast to simpler cognitive processes with
rapid and well-formed automatic mental processings taking place at the more usual
unconscious or preconscious processing levels.774 Pupils´ higher order metalevel
processes (according to the general information-processing model) are parallel to their
more automatic cognitive processes (by taking the limited processing capacity in their
short-term or working memory, Mandler, 1984; 1989; McLeod, 1988; Silver, 1987).
Regardless of this generally made basic distinction, a kind of unresolved consciousness
problem remain with metalevel processes (c.f. also Weinert, 1987). Educational studies
of metacognition usually consider conscious processes, but there are also arguments for
unconscious, tacit, and inaccessible metacognition (e.g., Paris & Winograd, 1990;
Winne & Butler, 1995). 

The subject of consciousness has received more attention within general research on self-
regulation (e.g., theories of language acquirement) with an agreement on many degrees
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768 With ordinary or simpler cognitive or mental processes, the object of processings being hence always
external to pupils, without references to the personal actor (i.e., subject) behind these.  
769 See Bandura, 1986; 1993; Brown, 1987; Corno & Kanfer, 1993; Flavell, 1987; Iran-Najed, 1990;
Kuhl, 1987; Kluwe, 1987; McCombs, 1989; McLeod, 1988; Paris & Byrnes, 1989; Shapiro, 1987;
Schunk, 1984; Silver, 1987; Zimmerman, 1986; 1989b; see also the text below.
770 Connected in this study further to the essential motivational aspects of learning and experiences or
exercise of one´s personal power; see Chapter 8; e.g., Hiemstra, 1994; Iran-Nejad, 1990; McCombs &
Marzano, 1990; Pervin, 1991; Ryan & Stiller, 1991; Shapiro, 1987; Whisler, 1991.  
771 C.f., Ryan & Stiller, 1991.
772 See Sections 3.4.1 and 7.4; see also, e.g., Bandura, 1993; Borkowski et al., 1990; Carver & Scheier,
1988; Goldin, 1992; McCombs, 1989; McCombs & Marzano, 1990; McLeod, 1988; Paris & Winograd,
1990; Scheier & Carver, 1982.
773 C.f. also Pervin, 1991; Taylor et al., 1997.
774E.g., Iran-Nejad, 1990; McLeod, 1988; Parkin, 1990; Rigney, 1980; Silver, 1987.



of self-regulation, but also with rather clear distinction made between conscious
awareness and direction of thought and self-correction or regulation proceeding below
the level of consciousness (e.g., Brown, 1987, p. 96). Consciousness represents a
critical dimension also in constructivist views of self-regulation that refer to Piaget´s
notions of development of unconscious autonomous regulation775 toward conscious
reflected abstraction,776 and it is also included in self-control theories (see, e.g., Shapiro,
1987) as well as in Kuhl´s (1987) analyses of self-regulation with volitional strategies
considered as deliberate (consciously controlled) or passive (automatized). The ultimate
automatization of volitional strategies is viewed also as an adaptive aspect of the
volitional system in volitional analyses of self-regulation (Corno & Kanfer, 1993).
Furthermore, the subject of consciousness is significant for social cognitive theorists´
recent developments of self-regulation and self-efficacy, in which self-awareness is
viewed to consist of one or more of a number of self-perceptive states, including self-
efficacy, that emerge from specific self-observation responses (Bandura, 1986; 1994;
Schunk, 1989b; Zimmerman, 1989b; c.f. also Section 4.4). In general, the ability to
capitalize on self-reference and self-regulatory strategies are seen as closely linked with
heightened self-monitoring and self-awareness of individuals´ own mental constructions
as well as covert and overt outcomes of behavioral functioning.777

Many of the recent educational (or general psychological) developments with
metacognition as well can be viewed to refer to the kind of processes and knowledge that
are pertinent to weakly conscious mental processes.778 For example, Flavell (1987)
acknowledges the possibility of unconscious metacognitive processes, and, in fact, many
of the recent self-theoretical developments of learning processes deal with aspects of
metalevel functions that concern most often pupils´ unconscious or weakly conscious
mental self-directive contents and processes or aspects of their self-system processes in
learning.779 This type of self-process has been described by James (1890/1963) as
fluently proceeding processing with freedom from attention or strategic control of
conscious processes, in contrast to effortful, attention demanding, and sequential
processings (Brown, 1987; Iran-Nejad, 1990; Zimmerman, 1994). Iran-Nejad (1990)
makes this fundamental distinction with metalevel self-regulatory processes with notions
of active self-regulation occuring under the conscious control of the executive process,
while rapid local or dynamic self-regulation functions simultaneously and under the
spontaneous control of the nonexecutive components of the nervous system using locally
available resources. Moreover, Kuhl & Kraska (1994) distinguish between more or less
autonomous subsystems within a person and view self-regulation mechanisms as
processes that modulate the interaction between these subsystems, implying the control
of behavior. Three of the important subsystems are represented by: a) acquired action
schemas or “habits”; b) emotionally supported action tendencies or “emotional
preferences”; and c) deliberately selected action alternatives or “cognitive preferences.”
The first two categories are more automatic processes and the latter consists of
consciously supported behavioral systems. We may connect these notions further with
Bereiter´s (1990) learning model including various contextual modules or organic
wholes, the components of which will be activated together without deliberate recall, or
with Goldin´s (1992) suggestion of various representational systems for a model of
problem-solving competence (see Section 3.4.2). Scheier & Carver (1982), in their
system theoretical approach to self-regulation, speak of a hierarchy of behavioral control
including higher levels of control, i.e. a superordinate level, that influences behavior by
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775 I.e., reflexive abstraction.
776 I.e., consciously controlled self-regulatory behaviors; see Paris & Byrnes, 1989.
777 Bandura, 1993; Flavell, 1987; McCombs, 1989; McCombs & Marzano, 1990; Paris & Winograd,
1990; Zimmerman, 1994.
778 Again, within general information-processing models viewed to be related to automatic processing (see
also Section 5.3). 
779 As, e.g., judgmental processes associated with action decisions; see Boekaerts, 1988; Borkowski et
al., 1990; Harter, 1985; Markus & Wurf, 1987; McCombs, 1989; Oosterwegel & Oppenheimer, 1993;
Pervin, 1991.



determining the choices or programs to engage in lower level controls that are more
automatic and operate out of awareness. 

We consider the emergence of varying degrees and possibilities of pupils´ to be and
become aware of their own mental contents, states, and ongoing processes, including
their mathematical beliefs, affective responses or arousals, and behaviors. We will take
notice of a higher variation in this by a long continuum of levels of their consciousness or
self-awareness.780 This idea applies particularly to pupils´ situational states of their self-
consciousness, i.e. their states of self-awareness, instead of considering their
consciousness as a mental trait (e.g., as a quality of their general self-knowledge in
relation to mathematics learning; see Sections 4.4 and 7.3.2; c.f., McCombs, 1989).
These states of consciousness may considerably vary along with mathematics learning
situations and contexts, along with pupils´ activated beliefs or mental contents and
affective states, or e.g. along with their physical condition. This continuum refers further
to finer distinctions between pupils´ conscious metalevel processes,781 i.e., between
pupils´ ongoing highly self-aware metalevel and self-directive processes and their
conscious but less self-aware, self-reflective, and self-regulatory activity. We view this
difference to cause essential qualitative differences in pupils´ self-regulatory processes,
as well as in the dynamics of their affect and cognition with mathematics. It represents an
aspect emphasized especially in recent phenomenological views of self-regulated learning
with high self-awareness considered as a natural condition of human psychological
functioning. However, this can be inhibited or distorted e.g. by personal defensiveness
(or anxiety), or promoted by eliminating this defensiveness.782

More generally, we may relate this difference in self-awareness and states to the
developmental aspects of self-consciousness proceeding through pupils´ maturation,
personal experiences, and social or environmental effects,783 as well as to the notions of
debilitative self-focus in contrast to facilitative or efficiently self-aware mental or self-
directive activity.784 Furthermore, we connect these distinctions, for example, with
Boekaerts´ (1988; 1995) basic assumption of the essentially different affective and
performance consequences due to pupils´ either promotive or debilitative self-appraisal
processes, as well as with Kuhl´s (1987) definition of state- versus action-orientation.
More accurately described by McCombs (1989) and McCombs & Marzano (1990) as a
difference between high self-awareness or self-monitoring and debilitative self-focus,
this aspect is nevertheless, in a way, reflected also in all the models dealing with pupils´
self-systems or self-system processes with debilitative effects including their low self-
concept, negative self-beliefs or self-appraisals, and low self-esteem, self-efficacy, or
self-confidence related experiences of learning.785 Furthermore, we will attach this
difference in states of self-consciousness to the essential variation included in the
motivational models dealing with ego-orientation, external orientation, or coping
orientation in contrast to intrinsic, task, or mastery orientation in learning in Chapter 8.786

In this study, we consider the quality of pupils´ self-consciousness or self-awareness as
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780 C.f. also Brown, 1987; Roberts & Erdos, 1993.
781 C.f. also Lazarus, 1991, McCombs, 1989; McCombs & Marzano, 1990.
782 See Section 7.4; McCombs, 1989; McCombs & Marzano, 1990.
783 I.e., the general human characteristic of reflective self-consciousness that entails shifting the
perspective of the same agent or person (Bandura, 1994; see also Section 4.4; e.g., Paris & Byrnes,
1989; Shapiro, 1987). 
784 See the next sections below; c.f., Markus & Wurf, 1987.
785 See Sections 4.4, and 6.1-6.3; e.g., Bandura, 1993; Borkowski et al., 1990; Eccles et al., 1983;
Fennema, 1989; Hart, 1985, McCombs, 1989; McDonald, 1989; McLeod, 1989b; 1992; Reyes, 1984;
Schunk, 1984; 1989a; Zimmerman, 1994.
786 See Ames, 1992a, Boekaerts, 1995; Dweck, 1986; Dweck & Elliot, 1983; Harakiewicz & Sansone,
1991; Nicholls, 1984; Pintrich & Schrauben, 1992; Schunk, 1991; c.f. also Kanfer & Kanfer, 1991;
Ryan & Stiller, 1991.



the essential discriminator between their promotive or hindering affectively toned self-
experiences. In this chapter we will connect this aspect further with the essential
qualitative variation in pupils´ self-regulatory metalevel processes in mathematics learning
situations. In a highly promotive case, we will refer to expressions such as reflective
self-awareness, higher levels of consciousness or higher states of self-awareness and
higher order self-processes or self-system processes. These expressions relate to such
aspects as more positive or less externally conditioned self-belief systems, to less
insecure states of mind, to an effortless state of self-esteem, and to more positive
affective experiences in mathematics learning (see Sections 7.3.2, 7.4.2, and 7.5.2). By
these promotive features of self-system processes pupils may overcome debilitative
environmental effects as well as their habitual or deleterious beliefs, thoughts or mental
processes, affective responses, and behavioral patterns with active self-directiveness,
self-control, self-regulation, or personal power with respect to mathematics.787 As Paris
& Winograd (1990) state, pupils can enhance their learning by becoming aware of their
own thinking as they solve problems in school, which promotes their self-perceptions,
affect, and motivation. Moreover, we can point to Flavell´s (1987) view that these kinds
of metacognitive experiences are more apt to occur when the situation is something
between completely novel and completely familiar. 

Metalevel Processes as a Form of and Channel for Personal Agency

Metalevel processes were above viewed to include pupils´ self both as an object and as a
self-conscious subject. Conscious monitoring, controlling, and regulating one´s own
thinking processes, affective responses, or behaviors788 inevitably preconceives the self
not only as an object, but also as an agentic and self-reflective subject. All self-regulation
processes require attending to self as an active agent in these processes and as on object
or cognitive construction (c.f., Harter, 1985; McCombs, 1989). Research on
metacognition, self-regulation, and self-regulated learning implicitly involves an
assumption of this actor behind the considered activities or strategies.789 Only a few
studies devote more attention to this personal feature. Yet, besides self-theorist, recent
socio-cognitive, constructivist, as well as self-control or volitional theories of self-
systems or self-regulation also consider this aspect to be importantly included in
metalevel activity.790 For example, Bandura´s (1986) detailed account of self-efficacy and
human agency consists of pupils´ developing self-observations of their own progress that
will instill them with self-satisfaction, feelings of mastery, and the belief that goals are
attainable, that is, self-efficacy perceptions and beliefs in their own agency and control.791

The most common notions of personal agency refer to the definition given by W. James
(1890/1963) of the “I” self involving the agent as thinker or that which knows the self as
objectively known. Accordingly, “I” is the organizing and structuring self that processes,
interprets, and organizes knowledge about the self. Agency or volition constitutes an
essential characteristic of the “I” self (c.f. Section 4.4.1; Oosterwegel & Oppenheimer,
1993). This notion has been stressed recently, especially in the dynamic perspectives on
self-concept or self-systems, and even more by recent phenomenological views of the
self and self-regulation. For example, Harter´s recent (1988; 1990) self-theory consists
of the so-called global self-concept and global self-processes that will organize the
functioning of all other self-system structures, and through which pupils may direct their
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787 C.f. also Bandura, 1993; McLeod, 1988; 1992.
788 I.e., self in action and control; see Section 4.4.
789 See also Section 8.2; e.g., Brown, 1987; McCombs & Marzano, 1990; Paris & Byrnes, 1989; Paris
& Winograd, 1990; Schunk, 1989b.
790 See Bandura, 1993, Corno & Kanfer, 1993; McCombs & Marzano, 1990; Paris & Winograd, 1990;
Shapiro, 1987; Schunk, 1989a; Zimmerman, 1989b.
791 See Section 4.4.2. However, for Bandura as well as many other researchers, the locus of agency is
placed within the cognitive or belief systems; for him within a system of a triadic reciprocal causation
(see McCombs, 1991).      



thoughts, affect, and behavior. McCombs & Marzano (1990) emphasize the critical role
of the self as agent in guiding the development of self-system structures or processes,
and in initiating and directing self-regulated learning. They posit that the self as agent
consciously or unconsciously directs, selects, and regulates the use of knowledge
structures in support of personal goals, intentions, and choices. Accordingly, self as
agent represents the control system that oversees and regulates personal overall system
and subsystem792 functioning. Deci & Ryan´s (1991) definition of agency involves an
inherent tendency of the self to originate behavior, to relate to and assimilate events, and
to gain a sense of effectance. We will follow these perspectives and consider that pupils´
mental processes, affective experiences, as well as self-regulatory behavior, i.e. self-
system processes, always take place under their agentic self. The self is a primary
phenomenon, an experience of the experiencing self that permeates and directs human
behaviour (c.f., McCombs, 1989, p. 51). Thence, when we come to consider the
functional or dynamic aspects of pupils´ self, self-concept, or self-systems, we
necessarily grasp the phenomenon or concept of human agency or the “I” self. We can
see that the agentic or volitional self has in particular to do with the functional or dynamic
examinations of pupils´ self or self-processes, as well as their mental activity or
thoughts. Personal agency constitutes the essential aspect of the self in action and in
direction (see Sections 4.4, 5.4, and 8.2). 

More commonly, the aspects included in personal agency are related to the notions of
active, personal, or internal control in contrast with behavioral or self-regulatory deficits
such as those involved in helplessness, experiences of stress or anxiety, weakness of
will, lack of self-efficacy,  lack of internal control or self-control, or problematic
volition.793 According to Shapiro (1987), self-control touches essentially upon issues of
human agency, while the absence of control or lack of volitional ability refers to impulse
disorders implicated in the depressive and anxiety disorders in contemporary psychology.
A contrast between personal control and external control is also included in Weiner´s
(1986) attributional theory of causal attributions (see Section 6.3; Chapter 8).794 Some
researchers may also differentiate between agency and control beliefs. The first then
reflects the link between self and means for actions, and the latter the link between self
and goals (see Paris & Byrnes, 1989; Skinner et al., 1988). Moreover, Corno (1989) has
distinguished control or volitional processes from motivational processes restricted to the
formation of intentions, whereas other researchers view these to be included in agency
(see also Section 8.2). In addition to the concept of self-efficacy, we attach personal
agency and self-control to pupils´ experienced self-confidence with respect to
mathematics (see Section 4.4.2). In consequence, we view important promotions or
deficits to be intertwined with pupils´ self-experiences, self-regulation, and self-system
processes in learning due to this personal feature. The degree of personal agency is
further viewed here to differentiate within a dynamic personal continuum consisting of
pupils´ truly optional mathematics learning behaviors, true personal agency, or true
personal power at one end, and their powerfully externally controlled or regulated
mathematics learning processes and experiences at the other.795

According to Rosenberg (1985, p. 231) we almost never totally lose self-awareness, for
“the self is an omnipresent and inescapable part of our conscious existence.” Thus,
pupils´ self-consciousness and agentic self are involved in all of their actions and
experiences in mathematics learning situations, i.e., presence in all of their personal
experiences with the school mathematical world with varying extent and representing the
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792 I.e., metacognitive, cognitive, and affective systems.
793 See Bandura, 1993; 1994; Borkowski et al., 1990; Corno, 1989; Deci & Ryan, 1985; 1991; Flavell,
1987; Kuhl & Kraska, 1994; Nicholls, 1984; Paris & Newman, 1990; Pervin, 1991; Pintrich &
DeGroot, 1990; Shapiro, 1987; Schunk, 1989b; Weiner, 1986; Zimmerman, 1994.
794 Further based on widely referred to J. Rotter´s conceptualization of internal vs. external locus of
control.
795 See Sections 7.3.2, 7.5, and 8.2; c.f., McCombs & Marzano, 1990; Zimmerman, 1989b.



varying acts or self-experience states behind their self-reflection and self-regulation.796 We
view personal agency to be commonly experienced by pupils as connected to, mixed
with, or disguised by their activated personal systems or learned habitual belief systems,
affective responses, and behavioral patterns in mathematics learning797 which appear as
parts or aspects of their situational contents of mind. We see the full power of personal
agency to manifest at higher order metalevel processes, that is, at pupils´ higher order
self-reflective states, at their reflective self-awareness states, or at their higher levels of
consciousness.798 In addition to phenomelogical approaches, this aspect of personal
agency is also acknowledged by Kuhl (1984; 1987), who views that efficient volitional
strategies are achieved at higher states of awareness. According to Zimmerman (1989b),
only in the use of effective self-regulatory strategies, including strategic control over each
of the influencing factors, can pupils be described as self-regulated, whereas, in the
absence of these, other personal (e.g., affect), environmental, or behavioral influences
are assumed to dominate. Self-regulated learners´ metacognitive processes are seen to
enable them to be self-aware, knowledgeable, and decisive in their approach to learning
(Zimmerman, 1990, p. 5). Borkowski et al. (1990) see self-determination to be achieved
by pupils´ sense of control over experience and the effective use of a metacognitive
system or strategies. Otherwise, it is pupils´ metacognitive deficits like helplessness that
result.

Recent phenomenological views of self-regulation go even further and suggest that it is
pupils´ agentic self that directs the operation of all of their other self-systems or
processes, including the metacognitive system (McCombs & Marzano, 1990). This
personal agency is not constructed from or does not represent a part of pupils´ self-
structures or metacognitive structures. Rather it operates outside, above, or
independently of pupils´ mental systems,799 with the capacity of overseeing, regulating,
and understanding the operation of the whole self-system, as well as ability to choose the
level of influence these personal systems may have in a given situation.800 This feature of
personal agency can also be viewed as referred to by Carver & Scheier (1990) in their
notion of a second feedback process that can override the feedback system, or in
Bandura´s (1993) and Zimmerman´s (1989b; 1990) notions that self-regulated learners
with a high sense of self-efficacy not only actively influence their internal mental
processes or affective states, but also understand the external impacts and actively select,
structure, and create environments that optimize their learning.801 Further, volitional
theorists deal with one´s volitional strategies or, e.g., executive decisions as engaged in
protecting oneself or one´s own psychological, emotional, or motivational state from
external or internal hindrance impacts, behavioral systems, or processes during
performances (c.f., Kluwe, 1987; Kuhl, 1987; Kuhl & Kraska, 1994; Corno, 1989). 

Finally, we see agentic self to refer to a reflection or experience of the authentic,
functional, and autonomous personality. This view makes personal agency the core
phenomenon of pupils´ self-regulatory processes reachable through personal functioning,
metacognitive understanding, higher order metalevel processes, and insight, that is, the
overseer, initiator, and regulator of all other ongoing personal learning processes or self-
system processes. This aspect of personal agency represents a special focus in our
examination of the dynamic, functional, and self-directive aspects of pupils´ personal
mathematics learning processes or their truly personal, situational, creative, and unique
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796 “Either the self stands out in the forefront of attention, sharp and clear, with other things in the
background of awareness, or the reverse” (Rosenberg, 1985, p. 231).
797 I.e., often externally conditioned mental contents or systems; see, e.g., Kuhl & Kraska, 1994;
McCombs & Marzano, 1990.
798 See the text above; Section 8.2; e.g., McCombs & Marzano, 1990; Ridley, 1991.
799 I.e., belief systems, cognitive or intellectual system.
800 McCombs, 1991; McCombs & Marzano, 1990, p. 55; Mills, 1991; Whisler, 1991.
801 C.f. also Rohrkemper, 1989; Zimmerman & Martinez-Pons, 1986; 1988.





pupils´ affective responses and (more or less) optional mathematics learning behaviors,
and finally in the quality of their mathematics learning experiences and performances.
Pupils´ self-awareness and personal agency appear within these constantly ongoing
personal internal or mental processes. The proportion or manifestation of their self-
awareness and agentic self increases when we proceed from their physiological
processes, through their ongoing personal or mental processes, towards their metalevel
and actively self-regulated personal or self-system processes in mathematics learning
situations. Thereby, we view pupils as more and more able to practice active (i.e., self-
aware) initiation, control, and regulation of their own mathematics learning actions and
experiences. Increased self-knowledge and self-awareness essentially promote their
personal agency and actively self-regulated mathematics learning processes.803 By
realizing or fulfilling in this way their own autonomy in mathematics learning, pupils
coincidently become aware of their own personal influence, efficacy, or power, i.e. of
themselves and their true personal power. In this, pupils´ consciousness represents a
scene, or a functional state of mind (c.f., McCombs, 1991), for this agentic self to
manifest itself, especially in relation to the external world in concert with or as an aspect
of their higher order metalevel and self-regulatory self-processes intertwined with the
dynamics of affect, cognition, and social mathematics learning environment (c.f. also
Section 5.4). 

7.3 Beliefs and Self-Regulatory Processes

Many of the conceptualizations presented above refer to various beliefs and belief
systems as significant metacognitions or self-directive aspects in pupils´ self-regulation
processes and, more particularly, in their mathematical problem solving and affective
responses to mathematics.804 Accordingy, beliefs and belief systems play a significant
self-evaluative but also self-regulatory or self-guidance role in pupils´ personal
mathematics learning processes at more or less automatic levels of their activity, most
often implicitly (c.f., Greeno & Riley, 1987; Kluwe, 1987; McLeod, 1988; Schoenfeld,
1985b).805 The qualities and functioning of these metacognitions or self-systems
essentially influence the qualities of pupils´ self-system processes and metacognitive or
self-regulatory skills, 806 the effects of which are reflected e.g. in their decisions on or
control of actions and use of specific self-regulatory strategies (see Section 7.5; e.g.,
Paris & Newman, 1990; Paris & Winograd, 1990; Pintrich & DeGroot, 1990), and
further in their instigation, direction, and persistence of mathematical achievement-related
behaviors (Schunk, 1989b; Weiner, 1985; Winne, 1985). On the other hand, the
development of pupils´ self-systems and patterns was above joined with their evaluative,
interpretative, and self-regulatory personal processes in unique mathematics learning
situations (Section 3.4.1). These processes, in turn, directly influence the further
development or construction of their significant self-systems or self-beliefs, attitudes or
beliefs about learning, or attributions about control (Borkowski et al., 1990, p. 54;
McCombs, 1989). Hence, we may connect the qualities and development of pupils´
significant mathematical beliefs and belief systems closely with the qualities and
development of their metalevel self-regulatory and higher order self-system processes in
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803 See Sections 7.3.2 and 7.5; c.f., Flavell, 1987; McCombs & Marzano, 1990; Paris & Byrnes, 1989;
Zimmerman & Martinez-Pons, 1994.
804 C.f., Bandura, 1986; Borkowski et al., 1990; Garcia & Pintrich, 1994; Garofalo & Lester, 1985;
McLeod, 1988; Paris & Newman, 1990; Paris & Winograd, 1990; Schoenfeld, 1983, 1985a; Schunk,
1989b.
805 A reciprocal determinism is suggested to exist e.g. between pupils´ beliefs about self-regulated
learning and their own behavior (Bandura, 1986; Schunk, 1989b). 
806 Called, e.g., means-goals connections or cognitive instrumentality by Skinner et al. (1988) in their
action theory; c.f., Bandura, 1986; Boekaerts, 1995; Borkowski et al., 1990; Brown, 1978; 1987;
Flavell, 1979; 1987; Kuhl & Kraska, 1994; Schunk, 1989b; Zimmerman, 1989b; Zimmerman & 
Martinez-Pons, 1988.



school mathematics learning. 

We will interpret here that the kind of knowledge or beliefs described above, e.g. as
pupils´ person-, task- or strategy-related knowledge or beliefs of their own mathematical
cognition or personal features and states, become metacognitive in nature only when
these are acquired, processed, and/or applied through their metalevel processings or acts
during mathematics performances and experiences, i.e. through their higher order self-
system processes.807 In this case, significant mathematical beliefs, belief systems, and
related affective responses have become influential parts of pupils´ metalevel self-
reflective processes or self-directive acts. According to Paris & Byrnes (1989), pupils
construct theories or beliefs of their academic competence, effort, tasks, and strategies,
and integrate this information into an emerging theory of self-regulated learning. This
theory becomes, then, a functional guide for their own performances (p. 169) which can
be viewed to influence the qualities of their self-regulatory behavioral patterns or models
connected with school mathematics learning and mathematics learning situations (c.f.,
Section 7.5). More specifically, we connect these aspects or patterns with the qualities of
pupils´ self-reflective or self-interpretative appraisals and judgments, their self-
monitoring activity, and their metalevel (self-engaged and self-directive) constructions or
forethoughts, decisions and choices or self-control behaviors at varying levels of their
consciousness or self-awareness. These various aspects or components of self-regulatory
processes function together by influencing each other and overlapping (see Section 7.5;
e.g., Bandura, 1986; Kanfer & Kanfer, 1991; Schunk, 1989b; Zimmerman, 1989b). We
see that through these metalevel activities pupils execute, but also control, further
construct, integrate, or change their significant mathematical beliefs and belief systems.
These higher order self-system processes are further promoted by various self-incentive
functions, such as positive self-evaluations of competence, control, purpose, and
instrumental functions of academic or self-regulatory strategies that contribute to pupils´
sense of power in the classroom (see Chapter 8; e.g., Borkowski et al., 1990;
McCombs, 1989; Paris & Winograd, 1990).  

7.3.1 Mathematical Beliefs Related to Self-Regulatory States and
Functioning

In Chapters 5 and 6 we considered the interplay of pupils´ mathematical beliefs or belief
systems and their affective responses to mathematics. The role of self-perceptions and
contextual or socio-cultural mathematical beliefs and perceptions behind arousals, and
experiences of significant mathematics-related affective responses, were linked especially
with the appearances and qualities of self-appraisals and self-evaluative situations in
mathematics learning contexts. In addition to these affect-cognition dynamics, we may
discern other forms of this interplay that relate to pupils´ significant mathematical beliefs
or belief systems and their metalevel or self-regulatory processes with respect to
mathematics. In this section, we examine this dynamic interplay through self-regulatory
functions that we name here execution and restructural or control processes. These three
forms of higher order self-system processes expose the central role of self-regulation
activity in the functioning, as well as development of pupils´ personal beliefs and mental
systems, and hence their mathematical self-systems. The next two sections present
analyses of the qualities or roles of pupils´ mathematical beliefs and belief systems with
respect to their self-regulatory activities. Motivational aspects of mathematics learning
and self-regulation will be connected to this dynamics in Chapter 8.          

By the execution of mathematical beliefs and belief systems, we refer to the self-
regulatory metalevel activity within which pupils´ significant or central mathematical
beliefs and belief systems come to operate as more or less direct, spontaneous, or
conscious directors808 of their self-appraisals or self-judgments, self-affects, and
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mathematics learning or self-regulatory actions. Accordingly, activated significant
mathematical beliefs act as mental filters for pupils´ personal interpretations and self-
regulatory constructions in mathematics learning situations, or as a kind of cognitive
control, cognitive style, or self-regulatory pattern for their mental processes, affective
responses, and behaviors in mathematics learning situations (see also Sections 6.1, 5.4,
and 7.5; c.f., Garcia & Pintrich, 1994; Messick, 1987; Santostefano, 1986). These
personal mental systems affect their monitoring, expectations of mathematical successes
or failures, mathematical goals, choices, or decision of particular mathematical actions or
intentions and/or various kinds of self-control actions with mathematics learning or
performances (see Section 7.3.3 and 7.5). This mental filter consists especially of pupils´
more or less conscious beliefs about their own mathematical abilities, knowledge,
affective states, effort, control, and personal behaviors in mathematics learning
situations, further supported by various important contextual or socio-cultural
environmental features of school mathematics learning or mathematics learning situations
and functioning in their individual-environmental mental interaction in these situations
(see Sections 6.4 and 8.4). 

As significantly personal and creative mental processes, we may also view pupils´
metalevel self-regulatory processes or higher order self-system processes to operate as
the scene for their significant reconstructions and restructuring of their personal
mathematical beliefs and belief systems (c.f., Section 7.2; Hannula et al., 1996; Steffe &
Kieren, 1994),809 and further of their mathematical self-systems810 or of the dynamics of
their affect and cognition in mathematics learning (i.e., for their mathematical self-
development or self-system processes). We view this creative aspect of melevel
processes to apply both to the contents of pupils´ mathematical beliefs and belief systems
and to the interrelations between their various mathematical beliefs or to the structures of
their belief systems.811 As viewed above, these changes are triggered by pupils´ powerful
personal, affective or social, new experiences with mathematics, but always as connected
with their personal wills, wishes, motivational factors, and the qualities of their self-
reflection and self-regulation processes and/or mathematical self-system processes (c.f.
Chapter 8; e.g., Damon, 1986). We consider the most important related contributions to
go through pupils´ higher order self-reflective and self-aware metalevel activity that also
contribute to the development of their self-reflective and self-regulatory processes or
higher order self-systems and self-systems processes with mathematics (see Section 7.5-
7.6). These changes in personal systems influence single mathematics learning situations
and personal experiences (i.e., as situational reconstructions), but more powerfully as
pupils´ longer-term mental constructions in the form of their stable beliefs and belief
systems, affective storage, and stable behavioral patterns. 

We view metalevel processes also to represent the core for pupils´ control of own
mathematical belief systems. This concerns especially their higher order and highly self-
aware self-regulatory processes based on their high understanding and practice of their
own personal agency with respect to mathematics learning, involving active control,
taking over their ongoing reflections, thoughts, or activated personal mathematical
beliefs. This process is more commonly dealt with as control taking over one´s own
cognitive processes, information-processing control, and/or as specific self-regulatory
strategies with individual processings. People process information selectively and engage
in cognitive activities that assist learning of successful behaviors (Schunk, 1989b). We
see self-control of own beliefs and belief systems to include such aspects as pupils´
activation of their particular beliefs or belief systems, their allowance, continuation,
restriction, and/or repressing of evoked beliefs or belief systems, and e.g. their
intensification of processing with these. In an efficient form, these actions reflect
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809 According to Blasi & Oresick (1986), getting at belief systems is possible only through consideration
of the related processes. 
810 I.e., of their mathematical knowledge, beliefs, affective responses, and behavioral patterns; see Section
3.4.1 and 3.4.3. 
811 Or, course and organization of their own mental activity (see Sections 4.1 and 5.3.1; c.f. also Kluwe,
1987).



increased ability to personal agency and high self-awareness. This clearly covert or
intrapersonal control activity may be directed towards both the contents of pupils´
operating mind or beliefs and at the direction, persistence, and intensity of the related
mental processes (c.f. Section 7.1; Kanfer & Kanfer, 1991; Kluwe, 1987; Kuhl, 1987;
Kuhl & Kraska, 1994). 

Kuhl (1987) and Corno (1989) view these kinds of action control or volitional
subprocesses of self-regulation to consist of attention control, encoding control, and
information-processing control. Boekaerts (1995) instead refers to cognitive processes
involving affect such as appraisals, beliefs about the self, and content-specific interests.
However, more common are the notions of pupils´ self-control processes with the
consequences of their activated mathematical beliefs or belief systems, that is, with their
mathematical affective responses, behaviors, or motivational processes produced or
supported by these beliefs. We see that by taking active control over the quality,
structures, and processing of their significant mathematical belief systems, pupils
simultaneously come to practice efficient control over the related influential affective
responses to mathematics as well as the emergence and development of their related
mathematical behavioral patterns (see Sections 7.4.2 and 7.5). All these self-control
features are based on the quality or availability of this self-knowledge or mathematical
beliefs, and in particular on the quality of self-control beliefs or metacognitive knowledge
and skills, 812 i.e., on the emergence or quality of pupils´ personal agency, higher self-
awareness, and higher order metalevel processes accompanied with understanding of
thought as a function or process (see Sections 5.4 and 7.2). These self-states make
pupils more able to operate outside their belief systems, able to recognize the choice to
selectively use their own mental processes, to make decisions on the functioning of their
own beliefs, or the “driving forces”, and to choose the level of influence of these on their
personal mathematics learning processes and experiences (c.f., Bandura, 1993; Iran-
Nejad, 1990; McCombs, 1991; McCombs & Marzano, 1990; Mills, 1991; Whisler,
1991). In consequence, by this kind of higher level understanding of personal control,
pupils are also capable of understanding the relationships between their mathematical
beliefs, affective responses, and mathematics learning processes or actions.  

As with affective arousals, the role of mathematical beliefs in pupils´ self-regulatory
processes can also be considered against the qualitative or structural aspects of beliefs
discussed above (see Sections 4.1 and 5.3.1-5.3.2). The stability or psychological
strength in beliefs would then have effects on the frequency or determining role of these
beliefs as directors of or impacts on pupils´ self-regulatory activity in mathematics
learning situations, i.e., on the importance of these beliefs in pupils´ mathematical self-
systems and self-system processes. Highly stable and/or psychologically central beliefs
were above seen to have important and often determining consequences for pupils´
personal mental processings, affective responses, and behaviors. This influence goes
through pupils´ more or less conscious self-reflective and self-regulatory activity, having
strong self-directive or metacognitive personal power in mathematics learning situations.
In contrast, less stable and/or less psychologically central and more conscious beliefs can
be seen to become activated less frequently within pupils´ self-reflections or self-directive
processes or to become more easily replaced by their other belief constructions or are
assessed by pupils before their accomplishment and applications of these in mathematics
learning. By the high depth of beliefs we pointed to pupils´ early constructions, low
consciousness, and weak possibilities or proneness of these beliefs to change over time
and their personal mathematical experiences. These kinds of beliefs become less
frequently or likely consciously and actively assessed, modified, or controlled by pupils.
The self-regulatory impacts of such beliefs813 occur rather directly, spontaneously or
automatically, and without pupils´ active (self-conscious) participation. As
psychologically central beliefs, the role of such beliefs or belief systems within pupils´
self-regulatory functioning may often be highly central, the effects of which can be
perceived in pupils´ daily mathematical behavioral patterns or in their habitual affective
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812 E.g., beliefs in individual thought control efficacy (Bandura, 1993). 
813 I.e., the role of these beliefs in pupils´ self-system processes.



responses toward mathematics.814 In this, we point in particular to the overwhelming
impacts that pupils´ central self-beliefs and self-belief systems have in their self-
assessments or self-judgments, affective responses, as well as in their self-control or
self-regulatory activity or behavioral patterns in mathematics learning situations. On the
other hand, pupils´ less deep beliefs have increased possibilities to be consciously
reflected, adjusted, influenced, or controlled by pupils, implying less direct, more
personally assessed and self-controlled impacts of these beliefs on pupils´ personal
mathematics learning processes, actions, and affective experiences. 

In consequence, we see the degree of consciousness or self-awareness with respect to
pupils´ mathematical beliefs or to their processings of these to play the primary role in
how or to what extent their beliefs come to determine their related mathematics learning
intentions, actions, or affective responses to mathematics.815 We connect this essential
personal feature or states further with a qualitative basic variation within the dimension or
continuum consisting of pupils´ deeply habitual mental operation or external direction,
along with the dominance of their stable, deep, and/or central mathematical beliefs or of
their active self-direction of their mental contents as well as activity or personal
mathematics learning processes and affective experiences (c.f., Section 7.5). Either
pupils´ beliefs as such operate as primary initiators, directors, and maintainers of pupils´
mathematics learning actions and affective responses, making further their other (more
stable) personal influences, or environmental effects dominate their mathematics learning
processes and affective experiences.816 Or, these beliefs and belief systems may function
only as pupils´ personal mental guidances and a basis for their actively constructed,
assessed, initiated, and self-directed mathematics learning experiences and behaviors.
This strengthens pupils´ personal agency and makes them sense and practice personal
control over their own beliefs and belief systems, or internal locus of cognitive control,
which is viewed to lie in the core of independent thinking or autonomous mental
processes (c.f., Bandura, 1993; Flavell, 1987; Paris & Winograd, 1990). We see the
latter case to represent the core developmental aspect of pupils´ self-system and self-
system processes, as well as of their individual-environmental mental interaction in
school mathematics learning situations. We may now make the basic distinction between
pupils´ highly promotive or self-directed and their externally directed cognition or
mathematics learning processes by paying attention to the individual-environmental
mental interaction. In the case of external direction or habitual mental operation and
patterns in the individual-environmental mental interaction, importance should be given to
the contents and qualities of pupils´ mathematical beliefs and belief systems as well as the
environmental features dominating school mathematics learning situations. In this case,
these influential aspects have habitual, stable, direct, and essential consequences for
pupils´ self-regulatory processes, as well as their mathematical affective responses and
learning actions. On the other hand, complex, flexible, personal, creative, situational and
weaker or less direct are the influences of beliefs or external features on these self-system
processes with pupils´ highly self-directed mathematics learning processes, i.e., with
high states of self-awareness and increased experiences and practice of personal agency
or control over their own mathematical beliefs.817

Below we will consider the functioning of pupils´ self-regulatory processes as
intertwined with their self-beliefs and with their mathematics-related beliefs. This
separation of the consideration of these two categories reflects the basically different roles
these two are understood in this study to play not only in pupils´ affective arousals and
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814 I.e., in their habitual self-reflective, self-regulatory, or learning behaviors (see Section 7.5; e.g., Iran-
Nejad, 1990; Kuhl & Kraska, 1994; Weinert, 1987). 
815 C.f. Section 7.2; c.f. also McCombs & Marzano, 1990; Paris & Winograd, 1990; Schunk, 1989b;
Zimmerman, 1994.
816 See also Sections 7.4 and 7.5; e.g., Kuhl & Kraska, 1994; McCombs, 1991; McCombs & Marzano,
1990;  Zimmerman, 1989b.
817 That is, over the evoking and processings of these, as well as over the effects of these on their
mathematics learning actions and intentions and affective responses to mathematics.



responses to mathematics, but also in their self-regulatory activity or higher order self-
system processes in mathematics learning situations (c.f. also Section 7.1). However, in
each of the different ways that metalevel processes interact with pupils´ personal
mathematical beliefs and belief systems or self-systems, the most significant feature is
attached here to pupils´ higher order metalevel processes and higher states of self-
awareness or personal agency.                                                          

7.3.2 Self-Belief System and Self-Regulatory Activity

The importance of self-beliefs was above joined with the significant interplay of pupils´
self-appraisals and self-affects to mathematics. Here we consider these deep and basic
mental constructions or filters behind the daily operation of pupils´ self-systems818 and
self-regulatory or higher order self-system processes in school mathematics learning or
performances. Hence, we view pupils´ self-beliefs as the most important mediator
between the qualities of their individual-environmental (mental) interaction and their self-
regulatory activity in mathematics learning situations. As indicated in Section 3.2.1,
examination of self-regulation processes and self, self-systems, or self-system processes
are inseparable. Moreover, self-regulation processes represent here the central combining
feature and upper level or essential cognition in our dynamic considerations of affect and
cognition in personal mathematics learning processes. In this dynamic relation, pupils´
self-beliefs, self-perceptions, and self-appraisals of their own mathematical ability,
competence, and control play a determinant role. This close link is manifested in the
notions of metacognition as “awareness-monitoring-regulation” and self-regulation
processes as consisting of self-processes as self-evaluation or self-judgments, self-
perceptions or self-awareness, self-observation or self-monitoring, and self-reward or
self-reactions (see also Section 7.1; Bandura, 1986; McCombs, 1989; Schunk, 1989b;
Zimmerman, 1989b). For example, for Borkowski et al. (1990), the self-system appears
to underlie the development of the metacognitive system and Markus & Wurf (1987) see
self-concept as critical variable in how smoothy self-regulation processes function.819 In
addition to the importance of perceptions of self-worth and self-indentity, key and/or
covert self-regulation processes would involve self-evaluation and self-monitoring, goal
setting, planning, strategies, encoding, processing, and retrieval (Markus & Wurf, 1987;
McCombs, 1989). Thereby, we consider pupils´ self-beliefs and self-belief systems with
accompanied self-affects to constitute the central basis, mental core, primary level, or the
“skeleton” of their personal and situational mathematics learning, self-regulation, or self-
system processes. These self-perceptions have both direct effects on the functioning and
qualities of pupils´ self-directive acts and processes in mathematics learning, and indirect
effects through the influence and qualities of the highly influential self-appraisals and
self-affects or affective self-states in mathematics learning situations. Unique self-
perceptions and affective self-experiences with mathematics are the basis for pupils´ self
in action and control with respect to mathematics learning processes and situations. 

Within the model of metacognitive knowledge and its use, structured by Garofalo &
Lester (1985; Sections 6.1 and 7.1), various self-reflections and self-beliefs were called
person-related metacognitive knowledge, viewed to be activated against a particular task
or strategy during mathematical problem solving. The qualities and power of pupils´ self-
regulatory processes are importantly connected with the qualities of their self-beliefs or
belief systems and self-assessments with mathematics, but also with the quality of their
self-awareness or self-knowledge, both with respect to situational processes in
mathematics learning and to their longer-term self-directive aspects of personal
mathematics learning processes. Accordingly, we make a central distinction between
pupils´ efficient self-regulatory or self-awareness states or understanding of personal
agency and their self-esteem related self-assessments with mathematics (c.f., Sections
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818 Called, e.g., metacognitive, cognitive, affective, or behavioral subsystems, modules, or patterns (c.f.,
Sections 3.4 and 7.2; Bereiter, 1990; Borkowski et al., 1990; Goldin, 1992; Iran-Nejad, 1990; McCombs
& Marzano, 1990).
819 E.g., effectiveness, efficiency, consistency.



7.2 and 7.4; McCombs, 1989; Mills, 1991). The former self is concretely and
immediately experienced in every action as a central source of agency, and differs from
self-description and affective responses toward self (c.f., Blasi & Oresick, 1986, p.
160). These aspects of pupils´ self-perceptions and self-appraisals are further closely
related to the high importance attached above to pupils´ evoked self-control beliefs or
agency perceptions,820 and viewed above to be reflected in pupils´ mathematical self-
efficacy or self-confidence experiences and self-attributions with accompanied self-
affects (see Section 4.4 and Chapter 6). For example, McCombs (1989) defines self-
control beliefs or agency perceptions as beliefs and perceptions of one´s ability to direct
and control his/her own cognition, affect, motivation, and behavior in learning situtations
in general as well as in particular types of learning situations or contexts. Below, we will
examine the dynamic linkages between the qualities of pupils´ mathematical self-
perceptions and self-belief systems and/or affective self-states and the various features of
their self-regulatory activity with mathematics. The central motivational aspects of this
dynamics will be outlined in Chapter 8, with respect to the self-constructs applied and the
related research results of mathematics education.       

As illustrated in our learning model (see Section 3.4.3), pupils´ self-systems and
especially their self-beliefs or self-control and agency beliefs can be seen to function both
within their unique self-assessments821 and their various self-regulatory or self-directive
constructions and acts822 in mathematics learning, that is, within their self-appraisal as
well as their self-management of cognition with mathematics (c.f., Boekaerts, 1995;
Paris & Winograd, 1990). The variation of pupils´ mathematical self-appraisals was
above essentially connected with the emergence and qualities of their self-belief systems,
together with associated highly influential self-affects or affective self-states (see Sections
6.1-6.3). Furthermore, the appearance, qualities, and development of self-beliefs and
self-appraisals of one´s own knowledge, competencies, abilities, and control with respect
to mathematics have highly debilitative or promotive effects on his/her self-regulatory
constructions and activity with mathematics. Harter (1985) and McCombs (1989), for
example, emphasize self-evaluation as a particularly important process in self-regulated
learning, especially those processes related to evaluations of competence and control.
Self-evaluations are important as they relate to: a) understanding the self and the learning
task; b) learning outcomes; c) one´s own and others´ expectations; d) the importance of
the task and of doing well; and e) the cost or effort required (McCombs, p. 61). As with
self-affects, a general qualitative distinction is made between these self-assessments due
to the direction of pupils´ self-beliefs or self-appraisals of their own mathematical
knowledge, competence, abilities, and control. Negative self-appraisals, together with
highly hindering and negative self-affects are connected with debilitative effects on
mathematics learning and self-regulation processes, while positive self-evaluations and
accompanied positive self-affects or self-experience states would contribute to pupils´
active self-regulation, autonomous learning behaviors, and/or self-regulated learning
(c.f., Bandura, 1986; 1993; Borkowski et al., 1990; Carver & Scheier, 1988, 1990a;
Eccles et al., 1983; Fennema, 1989; Flavell, 1987; Harter, 1985; Malmivuori, 1996b,
1999; Markus & Wurf, 1987; McCombs, 1989; McLeod, 1992; Newman, 1990; Paris &
Winograd, 1990; Schunk, 1984; Zimmerman, 1989a, 1994). These essential qualitative
divergences in self-regulatory activities are suggested in this study to appear or be
reflected in research results differentiating, for example, negative from positive
mathematical expectancies or expectancies for success; avoidance from choices of
mathematics; helpless from persistent pupils; low from high exercise of control over self
and the environment; lower from higher mathematical goals; and poor from good
development of cognitive or metacognitive skills or strategies (see also Chapters 6 and
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820 C.f. also Bandura, 1993; 1994; Borkowski et al., 1990; McCombs & Marzano, 1990; Paris &
Byrnes, 1989; Ridley, 1991; Scheier & Carver, 1982; Schunk, 1989b; Weiner, 1986.
821 I.e., in their self-evaluation processes, self-judgments, and self-observations or self-monitoring.
822 I.e., in their forethoughts, self-directive or self-regulatory acts in the form of decisions and choices or
self-control behaviors. 



8).823

More specific importance of pupils´ mathematical self-appraisals or self-beliefs has to do
with the close connection suggested to lie between pupils´ self-observation or self-
monitoring activity and their self-evaluations, self-judgments, or self-beliefs of their own
cognitive ability and affective states.824 According to McCombs (1989), we engage in
self-monitoring and self-evaluation processes to support our self-awareness, self-
definition, and abilities to regulate and control our own self-development processes, by
our self-beliefs determining the content or qualities of our constantly ongoing self-
monitoring processes. Flavell (1987) calls this kind of conscious self-experiences
directed at our own functioning or self-regulatory states metacognitive experiences. Even
though the heightened self-conciousness in self-monitoring activity is viewed to represent
essential aspects in general personality development, development of self-knowledge or
self-concept, as well as of self-regulated learning,825 a basic division has been made
between inefficient or debilitative self-focus or self-esteem related metalevel processings,
and efficient, promotive, or succesful self-focus and monitoring.826 In addition to the
direction in self-beliefs and self-appraisals, we may again link this variation in self-
monitoring with the structural qualities of pupils´ self-systems, or with the degree of their
self-knowledge or self-consciousness with respect to mathematics and its learning (see
also Sections 5.3.2, 7.2, and 7.4). Accordingly, the positive case of self-regulation is
connected with such aspects as pupils´ increased knowledge or awareness of their own
personal knowledge, characteristics, weakenesses or difficulties, strengths, styles,
needs, and possibilities as mathematics learners and performers, as well as of their own
beliefs, affective responses, and behavioral patterns (or self-systems) with mathematics.
This kind of increase in self-knowledge or well-structured, flexible, and open self-belief
systems with mathematics represent, then, the central causes or means for pupils´
efficient or active self-regulation in mathematics learning, as well as for the further
development of their beliefs about, sense of, and possibilities to personal agency over
mathematics and mathematics learning situations.827 We may hence directly link these
aspects with pupils´ more promotive, conscious, adequate, and/or useful self-perceptions
and self-judgments, as well as promoted self-management or self-regulatory actions (i.e.,
self-monitoring, decisions and choices with mathematics, self-control or use of self-
regulatory strategies in mathematics learning, or functional self-systems (Borkowski et
al., 1990).828 Opposite dynamics apply to pupils with poor self-knowledge, together with
often interwined poor knowledge of mathematics and mathematics learning or problem
solving (see the next section). The intertwined weakly conscious, inadequate, poorly
structured, one-sided, and often negative mathematical self-belief systems represent more
fixed and closed self-belief systems, the further development of which may even be very
difficult (c.f., Section 4.4.). Lack of self-knowledge or self-consciousness and personal
agency in relation to mathematics is here interpreted to imply the most powerful
inhibitory effect on the development of pupils´ efficient or active monitoring and
regulation of their own mathematics learning processes and affective experiences.
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823 C.f., Bandura, 1993; Fennema, 1989; Hackett & Betz, 1989, 1992; Malmivuori, 1996b, 1999;
McLeod, 1992; Meece et al., 1990; Newman, 1990; Pintrich & DeGroot, 1990; Schunk, 1989a, 1990b;
Stodolsky et al., 1991; Zimmerman, 1989b; Zimmerman et al. 1992.   
824 See, e.g., Bandura, 1986; Kluwe, 1987; Scheier & Carver, 1982; Paris & Winograd, 1990;
Zimmerman, 1989b.
825 See text above, Sections 4.4.1 and 6.1; Blasi & Oresick, 1986; Izard, 1982; McCombs, 1989;
Oosterwegel & Oppenheimer, 1993; Scheier & Carver, 1982; Schunk, 1989b; Zimmerman & Martinez-
Pons, 1988.
826 I.e., efficient and highly self-aware monitoring.
827 C.f. Section 8.2.1; Bandura, 1993, 1994; Markus & Wurf, 1987; McCombs, 1989; Paris & Byrnes,
1989; Zimmerman & Martinez-Pons, 1988. 
828 C.f. Section 7.2; Bandura, 1986; Boekaerts, 1988; Eccles et al., 1983; Flavell, 1987; Harter, 1985;
Malmivuori, 1996b; 1999; McCombs, 1989; McCombs & Marzano, 1990, Newman, 1990;
Oosterwegel & Oppenheimer, 1993; Pintrich & DeGroot, 1990; Zimmerman, 1994. 



Associated deficiencies, then, have to do with the general shortages or restraints in
pupils´ self-systems and self-system processes in mathematics learning, called by
Borkowski et al. (1990) dysfunctional self-systems.                       

More specifically, we may consider the qualitative divergence in self-consciousness and
self-monitoring as related to the notions of debilitative self-focus in contrast to efficient,
self-aware, or succesful self-monitoring (c.f. Section 7.2). In Sections 5.3.2 and 5.4,
the kind of self-influence with debilitative self-focus was linked with the occupation of
pupils´ mental processing capacity or interfering attentional focus and restrained higher
order mental processes caused by these self-engaged processings and related highly
intense affective responses to mathematics. It relates to difficulties in the maintenance of
efficient self-regulatory or self-control behaviors with lowered metalevel flexibility,
activation of defensive behavioral patterns, and decrease in active self-control (c.f.
Section 7.4.1). With these kinds of self-assessments, the quality of pupils´ mathematical
self-beliefs and self-belief systems829 and of the accompanied self-affects to mathematics
again play a significant role.830 Thence, heightened debilitative self-focus may also tell
about pupils´ good self-monitoring ability or metacognitive skills, that is doomed by their
negative self-beliefs and related mental processings and self-affects (c.f. also Weinert,
1987). Accordingly, self-focus during self-regulatory functioning becomes explicitly
deleterious whenever the involved self-beliefs and self-assessments are more negative in
nature, are more directed towards one´s own mental or affective state or towards one´s
own general deficiencies in mathematics or within particular mathematics learning
situations, and/or intertwined with worries about one´s own mathematical abilities, skills,
control, or progress (c.f., Sections 6.1-6.3). This kind of highly affectively toned self-
states are named by Kuhl as “state orientation” (see also Sections 6.1-6.3 and 7.4.1;
Corno, 1989; Kuhl, 1987; Kuhl & Kraska, 1994). The related focus on personal states is
accompanied by the kind of helplessness effects studied in relation to learning or coping
expectancies with fear that do not instigate any action tendency, but which may instead
inhibit action tendencies or block the expression of action, depending on the amount of
the related state-oriented cognitions aroused (c.f., Sections 6.3 and 7.4.1; Bandura,
1993; Boekaerts, 1995; Kuhl, 1987; Kuhl & Kraska, 1994; Scheier & Carver, 1982).
Rumination of possible causes of the present state831 or attending to one´s own emotional
state are examples of these activities (Kuhl, 1987). Instead of concentrating on their own
ongoing mathematics learning actions and goals, pupils become engaged in self-defense
and efforts to protect their self-esteem or self-image, that according to Markus & Wurf
(1987) represent the structures active in the “working self-concept” (see Section 7.4.1;
c.f., McCombs, 1989; Taylor et al., 1997). Boekaerts (1995) calls this kind of
debilitative self-focus and threat appraisals a decrease in well-being together with
accompanying problem-focused or emotion-focused coping behaviors. More common
are the notions of defense mechanisms within psychological literature and of pupils´
hindering off-task behaviors during their learning activity,832 pupils´ ego-orientation
instead of task orientation (Nicholls, 1984), or of performance orientation instead of
mastery orientation in learning (Dweck, 1986; Dweck & Elliot, 1983) within educational
research domain (see also Chapter 6 and Sections 7.2 and  7.4.1). 

The essential difference in self-monitoring can now be connect with McCombs´s (1989)
notion that with high self-conciousness there is a desire for self-knowledge, while with
low self-conciousness there is a desire for self-defense. Efficient or succesful self-focus
and monitoring entail pupils´ heightened self-consciousness or self-awareness states,
effortless or unconditioned states of self-esteem, and understanding of the self as the
center of self-influences (c.f. also Sections 5.4 and 7.2; Blasi & Oresick, 1986; Mills,
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829 I.e., negative self-beliefs, lack of agency or self-control beliefs, or e.g. deep, deficient, or poorly
structured self-belief systems (see Sections 4.4 and 5.3.1). 
830 Together with other personal aspects or self-regulatory skills and external features of mathematics
learning situations (see Sections 7.3.3, 7.4.1, 7.5, and 8.5). 
831 E.g., coping expectancies (see Section 7.4.1). 
832 E.g., Borkowski et al., 1990; McDonald, 1989.



1991; Rosenberg, 1985). The focus is then on pupils´ ongoing mathematics learning
behaviors at hand, on strategic mathematics learning or problem solving behaviors, or on
the qualities or demands of the particular mathematics learning context and the
environment. Kuhl (1987) with his related definition of “action orientation” speaks of
attention directed towards action alternatives or preparatory cognitions in which pupils
successively and simultaneously attend to the present state, some future state, and a
discrepancy between the two states and action alternatives that transform their present
state into the future state.833 This quality of self-monitoring within recent educational
research is referred to as actions of self-regulated learners´, in which the act of self-
monitoring serves a protective or control function (Kluwe, 1987; Pintrich & DeGroot,
1990; Zimmerman, 1994; c.f. Section 7.5). It aids pupils´ concentration, motivation, and
affective states, while aiding their mathematical performances (c.f., Corno, 1989;
Kluwe, 1987). Within recent social cognitive theory of self-regulation, (active) self-
observation is seen to involve self-directed attention with systematical monitoring of
personal performance, like progress toward individual goals834 and to be enhanced by
self-efficacy beliefs (Zimmerman, 1989b; 1994). Phenomenologists or self-theorists
have taken notice of the qualities of pupils´ self-awareness states as importantly
determining this kind of more efficient or objective self-monitoring activity without
engagement with beliefs about abilities or self-worries and negative affective self-
states.835 On the other hand, optimistic beliefs and/or positive self-beliefs and self-
evaluations are seen to be closely related to pupils´ skills for self-awareness and active
self-monitoring without engaged self-worries, offering thence a basis for the
development of capability for active self-regulation and efficient mathematics learning.836

We attached also in Section 7.2 heigthened self-awareness states or recflective self-
awareness closely to pupils´ highly promotive self-experience states, to their active,
personal, and internal control, and to their active self-regulation or true personal power
with respect to mathematics and its learning. Moreover, self-awareness is regarded as
antecedent to pupils´ self-assessments and affective responses in the development of their
self-system processes (see Section 4.4.1; c.f., Harter, 1986; McCombs, 1989;
McCombs & Marzano, 1990; Paris & Winograd, 1990; Zimmerman, 1994). Subjective
or private self-consciousness is then distinguished from objective or public self-
consciousness that is based more on other persons´ perspectives of the self and factors
such as preoccupation with the self or experience of high public anxiety with poor self-
beliefs or self-esteem, i.e. debilitative self-focus (Kulh & Kraska, 1994; Scheier &
Carver, 1982; Rosenberg, 1985). In addition, higher states of (subjective) self-
awareness have been suggested to directly imply or involve pupils´ understanding of or
beliefs in their own personal agency and the emergence and sustenance of high internal
control or conscious self-control activities (see Section 7.2; McCombs & Marzano,
1990).

The role of pupils´ mathematical self-beliefs or self-assessments is further reflected in the
qualities of their various self-constructive acts or self-directive constructions. The idea of
forethought mechanisms has been stressed recently, especially by Bandura (1986; 1993),
but is central also in expectancy-value models of motivation, attibutional models of
motivation, and in goal theories of motivation (see Section 3.4.2 and Chapter 8). As
stated above, conscious and explicit views of individuals´ future states837 are viewed to
enhance learning, as well as efficient self-regulation or metacognitive skills (e.g.,
Borkowski et al., 1990, Flavell, 1987; Markus & Wurf, 1987). These perceptions are
here joined with the qualities of pupils´ mathematical self-efficacy perceptions or
experienced self-confidence with mathematics and/or beliefs in their own personal agency
or control with respect to mathematics performances and learning or learning situations,
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833 Otherwise they are said to be state-oriented. 
834 E.g., by methods such as recording of one´s actions and verbal reporting.
835 Harter, 1985; McCombs, 1989; McCombs & Marzano, 1990; Rosenberg, 1979; see Section 7.2.
836 C.f., Borkowski et al., 1990; Carver & Scheier, 1988; Harter, 1985; McCombs, 1989; McCombs &
Marzano, 1990; Paris & Winograd, 1990; Schunk, 1989b; Zimmerman, 1994.
837 I.e., possible selves or self-ideals.



together with highly powerful self-affects. The related highly motivational aspects of
pupils´ forethoughts with these self-constructs and self-beliefs will be considered in
Chapter 8. Carver & Scheier (1988) label the essential difference in pupils´ forethoughts,
caused by the quality of their self-beliefs or self-assessments as “pessimism,” in contrast
to experienced “optimism” with respect to learning. This idea has been studied in the
form of pupils´ anticipations or expectations of their own mathematical successes or
failures, as their plans for their own mathematical performances, achievements, or
mathematics learning in the future, and as their constructions and/or strengthening of
their personal mathematics learning goals. Furthermore, these mechanisms can be viewed
to appear in the kind self-regulatory acts or constructions, classified self-regulated
learners´ metacognitive skills or behaviors, such as the active development or sustenance
of various self-rewards or sanctions in relation to personal mathematics learning or
performances (see Section 7.5 and Chapter 8; e.g., Bandura, 1993).

As illustrated in Scheier & Carver´s (1982) model of a feedback loop system, in Kluwe´s
(1987) hypothesis of executive decisions, in social cognitive views of selective
processes, or in attribution models as well as in various mathematics learning models,
pupils´ self-beliefs and self-evaluative processings necessarily play a significant role in
all their decisional processes or choices involved in their self-regulatory and self-directive
acts in mathematics learning, most commonly connected to the motivational effects of
pupils´ self-beliefs, self-confidence, self-efficacy, or attributional self-assessments within
recent educational research. Active selection of goals, the selection of tasks, and the high
persistence and vigor of pupils´ efforts all can be seen to reflect a pattern of their beliefs
about their own learning potential, as well as of high self-regulatory capacity in
mathematics learning.838 Other kinds of decisional or selective processes are dealt with
under the rubric of self-control or volitional processes, including commitment with
learning goals and choices and executive or regulatory decisions aimed at protecting
learning or performance intentions. The emergence and quality of pupils´ beliefs and
experiences of their own personal control and agency, together with high degrees of self-
awareness, can be viewed to play an unsurpassed role in these (c.f. Section 7.5; e.g.,
Flavell, 1987; Kuhl & Kraska, 1994).     

Heightened self-awareness, as well as constructive self-directive activity is further
closely connected with the qualities and development of pupils´ personal self-control
actions in relation to mathematics performances and mathematics learning situations.839

These relate directly to the emergence and quality of pupils´ judgments or beliefs in their
own personal control or agency with respect to mathematics learning or school
performances. These would develop along with their personal experiences, actual
behaviors and successes with mathematics, with the development of their personal
responsibility for their own mathematics learning, and with the development of self-
knowledge or self-regulatory knowledge and skills, like skills for awareness and
decision making (see, e.g., Bandura, 1986; McCombs, 1989; Paris & Byrnes, 1989;
Paris & Winograd, 1990; Schunk, 1989b; Shapiro, 1987; Zimmerman, 1989b).
Research results indicating this positive connection between self-control or agency beliefs
and self-control actions come in particular from recent social cognitive studies of pupils´
self-efficacy perceptions.840 Beliefs and assessments of high personal control over
mathematical contents (e.g., concepts, objects), individual mathematics learning actions,
processes, and experiences, mathematics learning situations and contexts (e.g., tasks),
and mathematics learning environments in general offer the basis for self-directed and
self-controlled activity in mathematics learning (c.f., Bandura, 1986; 1993; McCombs &
Marzano, 1990; Weiner, 1992a), that is accompanied by highly significant and promotive
self-experience states (c.f. Section 7.2).
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838 See Sections 7.3.3., 7.5 and Chapter 8; c.f., Bandura, 1993; Borkowski et al., 1990; Eccles et al.,
1983; Fennema, 1989; Paris & Winograd, 1990, p. 43.
839 C.f., Bandura, 1993; Blasi & Oresick, 1986; Deci, 1987; McCombs, 1989; McCombs & Marzano,
1990; Paris & Byrnes, 1989; Paris & Winograd, 1990; Zimmerman, 1994.
840 See Sections 4.4.2, 6.3, and 8.3; Pintrich & DeGroot, 1990; Schunk, 1989b; Zimmerman, 1989b;
Zimmerman et al., 1992.



7.3.3 The Role of Mathematics-Related Beliefs in Self-Regulatory
Processes

In Chapter 6, we considered pupils´ self-system processes in the form of their
mathematical self-appraisals and affective arousals. Various contextual or socio-cultural
mathematical beliefs and aspects were seen to operate behind these in their individual-
environmental mental interaction. Similar kinds of contextual or socio-cultural impacts
can be further discerned in the qualities of pupils´ self-regulatory behaviors or patterns in
school mathematics learning, consisting of their self-assessments and self-regulatory or
self-directive constructions or acts with mathematics.841 As presented above,
mathematics-related beliefs (especially central or deep beliefs) are interpreted to most
powerfully interact with and function through pupils´ self-belief systems and self-
appraisals, together with accompanied highly influential affective responses to
mathematics, in this self-regulatory dynamics. Accordingly, we consider the significant
mental and functional interplay with pupils´ self-perceptions or self-belief systems and
directly mathematics-related beliefs to go on within their self-regulatory processes or
higher order self-system processes,842 within which influential mathematical beliefs are
constructed, assessed, controlled, and put into effect (c.f., Section 7.3.1). Moreover, the
qualities of this daily interplay can be connected with pupils´ individual-environmental
mental interaction the ways described in Sections 6.1 and 6.4 above, and hence also with
additional personal aspects or environmental features of school mathematics learning
situations. Important beliefs about mathematics, and its learning and teaching, come to
have more or less direct and more or less conscious effects on pupils´ self-regulatory
processes or patterns with mathematics, depending on the qualities as well as the role of
these beliefs with respect to their self-systems. We will below describe these one-way
effects from some significant mathematics-related beliefs on pupils´ self-regulatory
activity. Further considerations will be presented in Section 8.4.    

In their model of metacognition, Garofalo & Lester (1985) named these kinds of
influential mathematical beliefs pupils´ task- or strategy-related metacognitive
mathematical knowledge or beliefs at use in their mathematical problem solving episodes
(see Section 7.1). According to Flavell (1987), these beliefs always represent pupils´
self-assessments in a particular learning or performance situation. Important and
repeatedly applied views of the nature of mathematics or mathematical tasks or of the
algorithms and strategies needed in mathematical problem-solving represent pupils´
basic, psychologically central or deep beliefs that become evoked whenever they
encounter a mathematical task (c.f., Section 4.3). They determine how pupils generally
allocate their mathematical and mental resources843 and what kind of or in which cases
their particular judgments,844 monitoring activity,845 and regulatory or control actions846

take place in mathematical performances (c.f., Garofalo, 1989; Schoenfeld, 1983,
1985a). These primary beliefs about the nature of mathematics or mathematical tasks and
problem-solving are evoked automatically and operate often at lower levels of pupils´
self-awareness as automatic regulators of their mathematical behaviors, especially in
mathematics learning situations with no difficulty encountered by pupils (see also
Sections 7.1 and 7.3.1; Kluwe, 1987; Scheier & Carver, 1982). On the basis of these
unique perceptions, similar understanding with and beliefs about mathematical objects,
concepts, or algorithms become further strengthened, as well as central beliefs about
mathematics learning and teaching seem to be reflected, developed, and put into effect by
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841 I.e., forethoughts, self-monitoring, choices or decisions on mathematical behaviors, and self-control
activities.
842 See also Sections 4.3.1, 4.4.1, and 6.4.3; c.f., Flavell, 1987; Garofalo & Lester, 1985; Lester et al.,
1989; McCombs & Marzano, 1990; Paris & Winograd, 1990. 
843 E.g., make a decision to apply a certain solving strategy.
844 E.g., evaluations of task difficulty.
845 E.g., monitoring of their own progress.
846 E.g., executive decisions, planning of solving actions, or control of solving actions.



pupils in a classroom context. 847 In consequence, we may view these kinds of basic and
highly stable mathematics-related beliefs to have a strong metacognitive or self-directive
power that influences pupils´ self-judgments, forethoughts, self-monitoring, and
decisional processes on or choices of mathematics learning actions and intentions
including their self-control behaviors during mathematical performances.848

Recent research on mathematical problem solving offers several examples of poor quality
of self-regulatory processes with accompanied affective responses due to powerful and
habitual but often inadequate, restrictive, or preventive self-directive basic mathematical
beliefs dominating pupils´ mathematical problem solving behaviors and often implying
difficulties or obstacles during their performances (see also Sections 4.3 and 6.4). For
example, the common and widely held beliefs about the nature of mathematical tasks or
mathematical problem solving as based on memorization of the right procedures, on
application of simple counting operations, or on getting the right answer as quickly as
possible all represent beliefs that inevitably seem to lead to inefficient mathematical
problem solving behaviors or to an inefficient metacognitive strategy or style called by
Schoenfeld (1985a, p. 193) “wild goose chases.” Very little is then done by pupils in
evaluating the given problem statements or planning the solution, in monitoring their
progress, or in checking the obtained solutions. In consequence, there is a lack of
efficient self-regulatory actions, metacognitive skills, or use of metacognitive strategies
generally viewed to be needed for successful mathematical problem solving. As distinct
from general behavioral control mechanisms, Boekaerts (1995) considers those
metacognitive processes or skills to direct and steer the information-processings flow of
the learning process, including self-regulatory activities like orienting, planning,
monitoring, reflecting, repairing, and evaluating (c.f., Kuhl, 1987). These effects apply
first of all to those structural mental aspects referred to as pupils´ procedural and/or
conditional knowledge of mathematics and mathematics learning in contrast to
propositional or declarative knowledge or beliefs (see also Section 5.3.3 and 7.1; e.g.,
Paris & Byrnes, 1989; Zimmerman, 1989b), and are usually included in the notions of
pupils´ metalevel or self-regulatory knowledge and beliefs or strategic beliefs about
mathematics learning, mathematical performances, mathematical behaviors, or about
mathematical problem solving. They are viewed to underlie pupils´ metacognitive skills
in mathematics learning or problem solving, especially in difficult or unusual
mathematics learning situations where the qualities or efficiency of pupils´ self-regulatory
activity, skills, and strategies become dominant.849

The basic qualitative distinction (i.e., positive vs. negative case of pupils´ mathematical
beliefs or belief structures) with the related behavioral or strategic belief or knowledge
structures influences the amount of the efficiency or adequacy in each of the various
aspects of pupils´ self-regulatory processes with mathematics (i.e., judgments,
monitoring, self-directive constructions, and decisional, selective, or control processes).
Specifically, this is seen in those self-regulatory processes that dominate pupils´ strategy
selection or construction for own self-regulation, mathematics learning, mathematical
performances, or problem solving behaviors, but also in their implemention and control
of these strategies as e.g., in their planning or task analysis, testing of their own
comprehension and state of knowledge, correcting their own deficiencies, or realizing the
utility of their own cognitive strategies (c.f., Bandura, 1993; Garcia & Pintrich, 1994;
Kluwe, 1987; Schoenfeld, 1985a; Zimmerman, 1989b). Results of such self-regulatory
processes are reflected in the course, means, and behavioral patterns for pupils´
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847 C.f., Sections 4.3 and 6.4.3; e.g., Fennema, 1989; Frank, 1985; Garofalo, 1989; McLeod, 1992;
Schoenfeld, 1985a; Silver, 1985; Stodolsky et al., 1991.
848 For example, these kinds of pupils´ task-related beliefs may be of more importance in defining errors
of their decisional processes than the more specific behavioral beliefs (or rules) they apply within these
(see Einhorn & Hogard, 1981). 
849 C.f., Ames & Archer, 1988; Bandura, 1993; Borkowski et al., 1990; Carver & Scheier, 1988; Kanfer
& Kanfer, 1991; Paris & Byrnes, 1989; Paris & Winograd, 1990; Pintrich & DeGroot, 1990;
Schoenfeld, 1983; 1985a; Zimmerman, 1989b; 1994; Zimmerman & Martinez-Pons, 1988.



mathematical activities or learning, including their activities directed towards mathematics
learning environments (i.e., in their external self-regulatory actions or intermediate self-
system processes),850 and finally in their mathematics learning outcomes.  In general,
poor or negative knowledge and/or beliefs about the strategies themselves851 or e.g. about
the effectiveness or usefulness of various strategies are directly or through other related
maladaptive beliefs negatively related to personal mathematical control, efforts, and
achievements (c.f. Section 4.3; Kluwe, 1987; Paris & Winograd, 1990; Zimmerman,
1989b). 

Other related examples of significant qualitative differences in pupils´ self-regulation of
their own behaviors and intentions with mathematics can be connected with their strategic
positive or negative beliefs about mathematics teaching or school mathematics learning
environment, effort in mathematical performances and successes or e.g. about help-
seeking in mathematics (see Sections 6.3-6.4 and 8.4; e.g., Bandura, 1993; Boekaerts,
1988; Dweck, 1986; Newman, 1990; Nicholls, 1983; Paris & Byrnes, 1989; Weiner,
1986). These kinds of strategic regulatory beliefs are further closely intertwined with the
often perceived negative effects of pupils´ erroneous or debilitative beliefs about or
expectancies of mathematical performance or learning goals, mathematics difficulty, or
their teacher and the teacher´s  responses and actions.852 Thence, significant effects of
strategic beliefs on regulation of mathematics learning or problem solving relate to the
qualities of pupils´ so-called motivational mathematical knowledge and belief systems or
beliefs about mathematics learning and learning environment, which we further viewed to
essentially mediate the effects of the qualities of their other kinds of significant or basic
mathematics knowledge and beliefs, and in particular of their self-beliefs (see Sections
4.3, 6.1, 6.4.3, and 8.4; e.g., Eccles et al., 1983; Bandura, 1993). Assessment of own
memorization or application of specific mathematical knowledge or skills, judgments of
when something is known very well or poorly, or judgments of teacher-related actions
are examples of pupils´ self-regulatory motivational judgments applied on the basis of
these kinds of central, stable, and/or deep beliefs about mathematics learning in daily
school learning situations (see Section 4.3.2).     

Accordingly, variation in beliefs about mathematics learning or performance goals,
beliefs about the nature of mathematical ability, beliefs about mathematical successes or
failures, and beliefs about mathematics importance, usefullness, or value of mathematics
(i.e., the general or personal significance of mathematical knowledge) seem to result in
central and similar differences, not only in pupils´ affective responses to mathematics
but, further, in their learning or orientational behavioral basis with mathematics.853 The
self-regulatory effects of these kinds of motivational beliefs are viewed here to function
and proceed through all forms of pupils´ self-regulatory functioning or self-system
processes, including their self-assessments or self-judgments, monitoring of their own
behaviors, constructing, planning, or organizing their own behaviors and intentions,
their choices of mathematical activities, and their self-control activity directed toward their
own mathematics learning or performance processes and experiences.854 Even pupils with
adequate strategic mathematical knowledge or beliefs may develop maladaptive
behavioral patterns of learning and motivation, e.g in the form of misapplication of
procedures in the construction of “buggy algorithms” in mathematics (Resnick, 1987), if
they possess negative motivational beliefs with mathematics (Paris & Byrnes, 1989;
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850 See Sections 7.1 and 7.5; c.f., Bandura, 1993; Corno, 1989; Kuhl, 1987; Markus & Wurf, 1987.
851 E.g., planning own mathematics learning, note-taking, summarizing.
852 See Sections 4.3, 6.4.3, and 8.5.; c.f., Dweck & Elliot, 1983; Dweck, 1986; Frank, 1988; Garofalo,
1989; McLeod, 1989b; Paris & Winograd, 1990; Schoenfeld, 1985a.
853 See Sections 4.3 and 8.4; c.f., Bandura, 1993; Boekaerts, 1995; Dweck, 1986; Eccles et al., 1983;
Fennema, 1989; Harter, 1985; Malmivuori, 1996b; McLeod, 1992; Nicholls, 1983; Paris & Byrnes,
1989; Paris & Winograd, 1990; Schunk, 1989b; Schoenfeld, 1985a; Wigfield, 1994.
854 C.f., Bandura 1986, 1993; Boekaerts, 1995; Eccles et al., 1983; Harter, 1985; Lemos, 1999; Meece et
al., 1990; Paris & Byrnes, 1989; Scheier & Carver, 1982; Schunk, 1989b; Wigfield, 1994; Zimmerman,
1994; 1999.



Schutz, 1994). On the other hand, adequate self-regulatory or strategic knowledge,
beliefs, and skills, e.g. in the form of efficient decision-making and action control
processes, are needed in efficient learning and self-regulation in addition to pupils´
positive or promotive motivational beliefs (Borkowski et al., 1990; Corno, 1989;
Zimmerman, 1989b).    

The most powerful effects on pupils´ affective responses were in Chapter 6 attached to
the kind of mathematical beliefs that have apparent linkages to their important self-
appraisals with respect to mathematics and its learning. Same applies to these kinds of
beliefs and self-regulation, in which case pupils´ significant or central motivational and/or
socio-cultural beliefs about mathematics or its learning most powerfully influence their
self-regulatory actions through their mathematical self-appraisals filled with affect. Much
of this impact can thence be joined with the qualities (i.e., positive or negative),
emergence, frequence, or variation in pupils´ self-evaluative processings, self-
judgments, and self-monitoring activity in mathematics learning (c.f. Sections 6.4 and
7.3.2; Ames, 1984; Harter, 1985; Malmivuori, 1996b; Carver & Scheier, 1988). In this,
we may refer to psychologically central, deep, and common socio-cultural beliefs about
mathematics difficulty, value of mathematics or its learning, and beliefs about the nature
of mathematical ability, knowledge, or effort that in recent mathematics education
research have been studied as closely linked to pupils´ self-systems, self-beliefs, and
mathematics problem solving, learning, experiences, and/or motivation (see Sections 4.3
and Chapter 6).855 These, as well as other kinds of significant and daily beliefs about
mathematics learning, are most commonly held and influence as tacit beliefs or
knowledge and dynamic self-regulators without active awareness of these (Sections 6.4,
7.2, and Chapter 8; c.f., Kuhl & Kraska, 1994; Winne & Butler, 1995). Moreover, even
though some references, e.g. to perceptions of mathematics usefullness, may point to
pupils´ beliefs of the effectiveness of particular kind of solving strategies in mathematical
problem-solving (c.f., Garofalo, 1987; Schoenfeld, 1985a; 1992), the most extensive
self-influences or self-regulatory effects can be and have been attached to the more global
value, means, or goal constructions with mathematics. Examples of the motivational-
behavioral dynamics with these socio-cultural beliefs, self-perceptions, and self-
regulation or mathematics learning will be presented in Section 8.4.

However, here we may point to some specific aspects of the role of beliefs about
mathematics learning or performance goals in pupils´ self-regulatory processes. The most
central self-directive or motivational aspects have been generally studied as pupils´ beliefs
about learning goals that represent a form of their forethoughts.856 A special significance
in recent developments with self-regulated learning is given for the emergence and
influences of pupils´ general self-goals, again closely connected with the qualities and
emergence of their self-regulatory goals (see Chapter 8; e.g., McCombs & Marzano,
1990; Zimmerman et al., 1992). These self-regulatory views of goals deal not only with
the content of personal goals, but also pupils´ awareness and active creation of personal
learning goals. As central forethoughts goals represent pupils´ views of their own future
states with mathematics857 creating the mental directions for their overall mathematics
learning or for specific mathematical performances (see Sections 4.3, 6.1, and 6.4.3;
e.g., Markus & Wurf, 1987; McCombs, 1989; Winne & Butler, 1995). Variation in the
contents, subject, complexity, specificity, or e.g. intensity of goals can be viewed to
induce and/or filter and also to make differences in various other kinds of pupils´ self-
regulatory processings like assessments and judgments of the learning situation, task, or
step at hand and monitoring of their own states, behaviors, or progress, and also e.g. in
their plans for managing mathematics learning events or specific few-step rules for
accomplishing a particular task, choices of or decisions on their own learning or self-
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855 E.g., in the form of longer-term mathematics learning goals or choices of mathematical courses or
careers (see Chapter 8; e.g., Eccles et al., 1983; Fennema, 1989; Harter, 1985; Schunk, 1989b).
856 Acquiring knowledge, learning how to solve problems, finishing workbook pages, and completing
experiments have been suggested as general learning goals (Schunk, 1989b). 
857 I.e., the self-states to be achieved, self-ideals, or possible selves (see Sections 4.4.1, 6.1, and 7.3.2).



regulatory actions, and a whole repertoire of self-control activities aimed at a realization
and protection of these personal intentions.858

Construction of goals as such is seen to operate as a central factor in self-regulated
learning strategies.859 Conscious, personally constructed, clear, adequate, and/or gradual
or intermediate learning goals are generally suggested to reflect good self-regulatory
skills and to improve pupils´ performances as well as self-appraisals and affective
learning experiences.860 On the other hand, research on learning strategies tends to stress
the importance of various attributes of the goals on behaviors and learning. Both
attributes and type of goals are seen to influence self-regulation processes and task
behaviors by such things as directing attention, mobilizing on-task effort, encouraging
task persistence, help-seeking, and facilitating strategy development (Kanfer & Kanfer,
1991; Newman, 1994; Nicholls, 1984; Pintrich & DeGroot, 1990). In Lock et al.´s
(1981) model, these attributes relate to intensity and content of goals, the former referring
to the strength of the goal861 and the latter to such features as difficulty, specificity,
complexity, and multiplicity of goals. Bandura (1982) suggests goal setting to be based
on specificity, difficulty level, and proximity in time (see Zimmerman, 1989b). All these
attributes of goals have to do with pupils´ motivational processes operating in self-
regulatory processes, again seen as essentially connected with the quality of their self-
judgments or self-assessment, such as of their self-efficacy beliefs (c.f., Section 6.2;
Bandura, 1986; 1993; Schunk, 1989b).  

All the above presented metacognitions can be interpreted further as essentially
intertwined with the qualities of pupils´ general knowledge of mathematics.862 In addition
to adequate, flexible, and/or positive strategic or metacognitive and motivational self-
directive mathematical beliefs and belief systems, good specific and more general
knowledge of mathematics and acquired diversified mathematical skills essentially
contribute to pupils´ active direction and regulation of their own mathematics learning
actions, intentions, experiences (c.f., Boekaerts, 1988; Borkowski et al., 1990; Lester et
al., 1989; Paris & Byrnes, 1989; Pintrich & DeGroot, 1990; Schoenfeld, 1985a;
Zimmerman, 1989b). These, as connected to adequate, flexible, diversified, and/or
mainly positive self-directive mathematical beliefs and belief systems, will highly
strengthen pupils´ possibilities to actively and adequately jugde, monitor, construct,
select, and control their own processes with mathematics learning or problem solving.
On the other hand, with serious deficiencies, shortages, or inhibitory aspects in pupils´
basic mathematical knowledge and skill structures, their possibilities for adequate,
flexible, and efficient direction and regulation of their own mathematics learning or
performance processes will be doomed. The functional effects connected with the
negative case of self-regulation have been perceived rather extensively in research on
metacognition within studies of mathematical problem solving.863 Inadequate, distorted,
and/or totally misleading or erroneous general, more specific, or strategic beliefs about
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858 See also Section 7.5; c.f., Kanfer & Kanfer, 1991; McCombs & Marzano, 1990;  Paris & Winograd,
1990; Scheier & Carver, 1982; Weinstein & Mayer, 1986; Zimmerman, 1990; 1994.
859 Ames, 1992b; Bandura, 1993; Dweck & Elliot, 1983; Kanfer & Kanfer, 1991; Lemos, 1999; Meece,
1994; Nicholls, 1984; Pintrich & Garcia, 1991; Schunk, 1990a; Zimmerman, 1990; Zimmerman et al.,
1992; see also Sections 8.4-8.5.
860 Bandura, 1986; 1993; Lemos, 1999; Markus & Wurf, 1987; McCombs, 1989; Oosterwegel &
Oppenheimer, 1993; Pintrich & DeGroot, 1990; Schunk, 1990a; Zimmerman, 1989b; 1990.
861 Influenced, e.g., by perceived importance.

862 I.e., the knowledge called more declarative kind of knowledge of mathematics or cognitive knowledge
and skills in mathematics; Garofalo, 1989; Lester & Garofalo, 1985; McLeod, 1992; Schoenfeld, 1985a,
1987; 1992; Silver, 1985; c.f. also Borkowski et al., 1990; Paris & Byrnes, 1989; Paris & Newman,
1990.
863 That is, within which the question of the role of metacognition and mathematical beliefs in general
was raised (c.f.,  Frank, 1988; Garofalo, 1989; Lester et al., 1989; McLeod, 1988; Schoenfeld, 1985a;
1987; 1992; Silver, 1985).



mathematics, mathematics learning, or about mathematical problem solving seem to
seriously and insuperably inhibit pupils´ mathematics learning processes by sustaining
misleading, incorrect, or ineffective self-regulatory patterns with their mathematical
problem solving or learning, often accompanied by highly intense negative affective
responses and deficiencies in general and basic mathematical knowledge.864

Summary

Finally, we may contrast the role that pupils´ mathematics-related beliefs have in their
self-regulatory processes with that of their self-belief systems. As most essential mental
systems (or self-systems), we see pupils´ self-beliefs and self-belief systems to constitute
the most consistent, frequent, and influential mental framework for all kinds of their self-
regulatory processes with mathematics. On the contrary, the effects or power of their
mathematics-related contextual or socio-cultural beliefs on their self-regulatory activity
may vary considerably along with specific belief constructions. Moreover, these do not
necessarily function powerfully within each one of different self-regulation acts, but
instead commonly behind pupils´ specific self-regulatory activity or patterns with
mathematics. Furthermore, self-beliefs can be viewed to represent the most central mental
link between the effects or application of mathematics-related beliefs within pupils´ self-
regulatory or self-system processes, a link between their self-evaluations or self-
judgments and their self-directive constructions,865 as well as a link between these self-
directive constructions and their realization of related mathematics learning activities or
action control behaviors. The role of mathematics-related beliefs may also considerably
vary along with pupils´ self-awareness or self-knowledge in mathematics learning
situations so that high consistency can be attached between any kind of pupils´
mathematical beliefs or belief systems and their mathematics learning actions or
behavioral patterns at lower levels of their self-awareness, with weak self-knowledge,
and/or with weak agency beliefs in relation to mathematics learning or performances. In
this case, a closer connection appear also between the appearance and development of
pupils´ mathematical affective responses and the qualities of their mathematics-related
beliefs, between their mathematics-related beliefs and their self-belief systems with
mathematics, as well as between the effects or development of their mathematics-related
beliefs and the environment or external factors of school mathematics learning (i.e., more
external regulation). On the other hand, we attach increased complexity, increased
creativity, and situational variation to the same interplays at pupils´ higher levels of self-
awareness states, with high self-knowledge, and/or with strong agency beliefs with
mathematics. The qualities and effects of pupils´ mathematics-related beliefs then become
filtered and examined through and controlled by their active self-reflection and self-
regulatory acts. In this case, mathematics-related beliefs no longer have such an
uncontrallable directive power on their mathematics learning actions and intentions or
affective responses, but instead are controlled by pupils´ ongoing higher order self-
regulatory or self-system processes. 

The wide domination of the former kind of dynamics of affect and cognition in personal
learning processes is reflected by research results that display close and consistent
relation, e.g., between the qualities of pupils´ self-beliefs (or self-confidence, self-
efficacy perceptions) and that of their beliefs about the causes for their own
mathematical successes (or failures), or their beliefs about effort as a determinant of
mathematical achievements (e.g., Bandura, 1993; Borkowski et al., 1990; Dweck, 1986;
Dweck & Elliot, 1983; Kloosterman, 1988; Malmivuori, 1996a/b; Malmivuori &
Pehkonen, 1996; Nicholls, 1984), and also between the qualities of pupils´
mathematical beliefs and that of their affective responses to mathematics (e.g., Cobb et
al., 1989; Fennema & Sherman, 1976; McDonald, 1989; McLeod, 1989a; Meece et al.,
1990; Reyes, 1984; Stodolsky et al., 1991).                                           
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864 But can appear even if pupils had adequate or rather good knowledge of mathematics (see also Section
8.5; e.g., Lester et al., 1989; Schoenfeld, 1985a).
865 E.g., plans, goals, decisions.



In general, the above considered lower order, less conscious and/or more automatic or
dynamic, self-regulatory processes in mathematics learning can be considered as
basically retaining personal functioning, which act on the basis of pupils´ stable, central,
and conventional socio-cultural or contextual mathematical beliefs and belief systems.866

On the contrary, higher order reflective and active self-regulation represents pupils´ active
personal processes, through which they can not only consciously consider the qualities
and effects of their mathematical beliefs and belief structures, but also actively create and
develop new beliefs and structures, and act on their already constructed mental
structures, as well as the effects of these on their mathematical affective responses and
learning actions or intentions. Higher order metalevel processes with reflective self-
awareness form thus a framework for pupils´ all important self-directive and self-
regulatory mathematical beliefs, mathematics learning actions, and affective responses to
be reflected or to emerge as well as to be actively and individually developed. These
kinds of highly efficient self-regulatory processes can be called new building, creative,
self-fulfilling, and truly self-regulatory personal functioning with mathematics. Within
this personal functional framework or dynamics, pupils´ higher level self-understanding,
personal agency, and efficient self-system processes constitute the most influential
operative scene for their self-regulation and personal mathematics learning processes (see
also Section 7.6). Below, we illustrate the basic differences in the qualities of pupils´
self-regulatory activity and self-states in mathematics learning due to this essential
experiential or structural variation in their self-systems and self-system processes with
respect to mathematics.    

We will finally summarize the dynamic interplay of pupils´ self-systems and the quality
of their self-regulatory functioning with mathematics. In the positive case or interplay,
increased consciousness in self-beliefs or mathematical belief systems was above joined
with pupils´ better structured self-belief systems with increased relevant self-knowledge
of their own mathematical abilities and skills, as well as increased possibilities for
conscious awareness of and reflection on their own beliefs, activities, affective states,
and e.g. of mathematics learning goals. These aspects can be further viewed to relate to
the appearance and development of pupils´ advanced or diversified mathematical
knowledge systems and/or skills, well-structured, highly adequate, conscious, flexible,
and mainly positive mathematical belief systems, and particularly to their positive,
conscious, and varied or open self-belief systems with good capacity to develop.  Many-
faceted, adequate, conscious, and flexible mathematical as well as self-belief systems will
offer pupils increased possibilities to establish, develop, and apply diversified and
changing personal action paths with mathematics and school mathematics learning
situations, and hence multitude ways to realize their own mathematical knowledge,
abilities, and learning actions or intentions through active self-regulation processes. More
relevant and also more positive self-assessments or self-judgments, self-experience
states, as well as for more efficient or promotive self-monitoring, and self-control or self-
regulatory actions in mathematics learning situations will accompany.867

Versatility and adequacy of beliefs will also make pupils´ self-systems more compatible
with any mathematical learning context and situation at hand, implying self-regulation
processes that are not only more easily accomplished by pupils, but are also better
adapted to their personal aspects and ongoing mathematical activities, as well as to the
needs of a mathematical situation. Their mental interaction with school mathematics
learning environment is then flexible and very much to the purpose, but also strongly
flavoured and directed by their personal activity, effort, and agency or efficient core self-
system processes. Furthermore, the impacts of their beliefs and perceptions, affect, and
actions on their mental and self-regulatory activity are more prone to become internally
controlled by them, so that even their deep and early constructed stable mathematical or
general self-beliefs may become actively overridden, reconsidered, or restructured in
their reflective self-awareness states and by the functioning of their high personal
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866 I.e., along with their habitual paths of thinking, responding, and behavior.
867 C.f., McCombs & Marzano, 1990; Paris & Winograd, 1990; Carver & Scheier, 1988, 1990a.



agency.868 In these positive cases of the interplay between self-systems and self-directed
processes, pupils can create new insights that may be independent of their central
mathematical or self-belief systems and related habitual or more dynamic kind of self-
regulatory mathematics learning.869 High sense of self-esteem or unconditional self-
esteem with high self-acceptance, high level of self-tolerance, and independence of
external effects are involved.870 However, this is probably the most difficult area of
conscious metalevel processes and presumes high states of pupils´ self-awareness, as
well as their longer-term practicing and help from other persons like parents and teachers
(c.f., Brown, 1987; McDonald, 1989; McLeod, 1988; Whisler, 1991).

Quite contrary effects apply to the negative case of interplay between self-systems and
self-regulation processes in the case of pupils´ negative self-beliefs and mathematical
beliefs, weak or poorly developed mathematical knowledge and skills, weakly
conscious, inadequate, and/or poorly structured mathematical belief systems, especially
concerning their self-belief systems.871 These are intertwined with pupils´ lack of self-
knowledge, and/or weak self-consciousness or self-reflection in these systems, together
with lack of sense of personal agency. We relate this debilitative self-regulatory pattern
more to pupils´ habitual mental operation and/or more externally directed activity, in
which pupils´ self-beliefs as well as mathematics-related beliefs spontaneuosly come to
determine the nature and characteristics of their ongoing personal covert as well as overt
mathematics learning processes with accompanied hindering self-affects (see also
Sections 7.3.1 and 7.4). Depending on the interpreted social or contextual factors872 at
hand, the quality of these inefficient or debilitative self-states may then considerably
weaken pupils´ relevant self-assessments, hinder their self-monitoring attempts and
conscious decisions or choices of goals, or activation of plans for courses for their own
mathematics learning or solving actions, as well as their efficacy to control their own
activities and affective responses in mathematics learning or performance situations. The
often inadequate but deep or psychologically central mathematical beliefs, and especially
their self-beliefs, may lead pupils to immediately abandon any attempts to reconsider their
understanding of problem statements or solutions, the obtained answers to tasks, or their
ongoing affective states, making them further highly susceptible to various environmental
impacts of a common or particular mathematics learning situation. 

With strong negative self-beliefs, pupils inevitably become involved in negative
perceptions of self, highly interfering self-worries and anxiety, sensitivity to others´
negative appraisals or responses, and other hindering mental processings and highly
debilitative self-affects. These considerably further decrease their possibilities of efficient
higher order self-regulatory functioning as well as maintenance of higher states of self-
awareness.873 Furthermore, these kinds of affective self-experiences cause weak
awareness and reflection of their own beliefs or self-regulatory processes in future
mathematics learning situations, accompanied by insufficient self-reflective and self-
regulatory capacity at pupils´ disposal, and often resulting in increased nonfunctional
thinking and mathematics learning.874 The longer-term effects of this can be discerned in
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868 C.f. Section 7.5-7.6; Bandura, 1993; Iran-Nejad, 1990; McCombs & Marzano, 1990.
869 See also McCombs & Marzano, 1990.
870 C.f., Sections 5.2.2, 7.6, and Chapter 6; Harter, 1985; McCombs & Marzano, 1990; Mills, 1991;
Rosenberg, 1985.
871 C.f., Ames & Archer, 1988; Bandura, 1986; 1993; Borkowski et al., 1990; Dweck & Elliot, 1983;
Eccles et al., 1983; Paris & Winograd, 1990; Pintrich & DeGroot, 1990; Schoenfeld, 1983, 1985a;
Zimmerman, 1989b.
872 E.g., an important mathematics test or performance, a difficult mathematical subject, and generally in
difficult or unusual events. 
873 See Sections 5.3.3 and 7.4.1; Harter, 1985; Mandler, 1989; Markus & Wurf, 1987; McCombs &
Marzano, 1990; McLeod, 1988; Rosenberg, 1985.
874 C.f., Bandura, 1993; McLeod, 1989a; McCombs, 1989; McCombs & Marzano, 1990; Mills, 1991;
Whisler, 1991; Zimmerman, 1990.



research results indicating a clear connection, not only between pupils´ negative self-
beliefs and their negative affective responses to mathematics but also, for example,
between these and their decreased choices of mathematics courses or career (see Chapter
8; e.g., Fennema, 1989; Hackett & Betz, 1989;1992; McLeod, 1992; Reyes, 1984). 

7.4 Affect and Self-Regulation in Mathematics Learning
Processes

We will here go further with the affective-cogntive interplay examined in Chapters 5-6,
and take notice of pupils´ affective responses as aspects of their self-regulatory (mental)
processes in mathematics learning situations. This perspective represents an even closer
look at the dynamics of affect and cognition within pupils´ personal self-systems
processes and in mathematics learning.  As Scheier & Carver (1982) note, “There is a
definite place for affective experience in a control systems approach to behavioral self-
regulation” (p. 180). The most common approach to this interplay involves the kind of
affective influences on pupils´ mental processes or systems considered in Section 5.3.3
and referred to as affective regulation or affect regulation (Bandura, 1986; 1993; Blasi &
Oresick, 1986; Borkowski et al., 1990; Damon, 1986; Harter, 1985; McCombs,
1989).875 The approach illustrates the property of affective experiences as generally
including or mediating important self-regulatory information and forming a kind of
affective elaboration or feedback system that dominates the cognitive evaluation system
or behaviors.876 Accordingly, this elaboration system is seen to serve four main functions
in cognition: to trigger or maintain cognitive processes, to interrupt processings
termporarily, to distrupt or interfere with processes, and to signal the need to protect or
defend processes (see Section 5.3.3; Mandler, 1989; McLeod, 1988; Messick, 1987).
These kinds of behavioral control systems occur at a relatively low level of control
without clear notions of self-regulatory mental activity (Scheier & Carver, 1982). More
recent notions of affect as aspects of pupils´ self-regulatory personal processes can be
connected with references to pupils´ self-conscious assessment, judgments, and control
of their own affective responses and states. By these we may point to pupils´ self-system
processes, in which their affective arousals and responses or self-states have become
objects of their conscious evaluations and regulation and in which their mental processes
have significant power in affecting their arousals, experiences, expression, or effects of
affective responses to mathematics. We will refer to these kinds of self-system processes
as pupils´ regulation of affective responses. This higher order metalevel and self-
regulatory activity with affective responses includes such aspects as pupils´ self-
conscious monitoring of their own affective arousals and states, self-conscious
evaluation and judgments made of their own affective responses and states, self-
conscious decisions and choices directed toward these responses or states and the causes
or effects of these, and conscious control taking over their own affective responses.877

References to this kind of dynamics of affect and cognition have appeared in recent
theoretical developments with self-regulated learning processes, presented, e.g., by
Bandura (1993), Zimmerman (1989b), Boekaerts (1995), McCombs & Marzano (1990),
or by volitional theorists (Corno, 1989; 1994; Kuhl, 1987; Kuhl & Kraska, 1994), and
within mathematics education research by McLeod (1988; 1992) or e.g. by Borkowski et
al. (1990) and DeBellis and Goldin (1996). However, many of the recent studies or
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875 And including mainly preventive effects such as mental blockages, simplification of mental
processings, or hindering of the activation or maintenance of higher order metalevel processes due to
highly intense and negative affective responses, or again, intensification of mental processes and change
of content of thoughts caused by promotive positive affective responses.
876 C.f., Bower & Cohen, 1986; Damon, 1986; Isen et al., 1982; Izard, 1982; Leventhal, 1982;
McCombs, 1989; Messick, 1987; Scheier & Carver, 1982; Snow & Farr, 1987b; Taylor et al., 1997;
Zajonc et al., 1982.
877 I.e., over the arousals, qualities, as well as effects of these on individuals´ mathematics learning
behaviors.



models of affective factors in mathematics learning can be viewed to deal with this
dynamics by such self-regulatory constructs (or optional behaviors) as persistence and
choices of mathematics, seen to depend on self-perceptions and accompanied affect (see
Chapter 8; e.g., Eccles et al., 1983; Fennema, 1989; Hackett & Betz, 1989; 1992). As
was considered with self-appraisals above, significant affective responses to mathematics
are seen as importantly affected by the qualities of pupils´ related self-assessments and
self-beliefs (see Chapter 6). Self-assessments and self-judgments represent central
aspects also in their self-regulatory acts with their affective responses, particularly with
their self-affects with mathematics (c.f., Damon, 1986; McCombs, 1989). These
reappraisals or secondary appraisals (Boekaerts, 1995; Lazarus, 1991) refer to the fact
that affective responses878 carry meaningful self-information in itself to be assessed and
reacted to by additional self-evaluative processes.879 For example, essential self-affects of
guilt and shame operate as indicators of pupils´ self-beliefs, but they can be considered
also as indicators of their general efforts toward identity and active self-regulation (c.f.,
Bandura, 1993; Blasi & Oresick, 1986; Izard, 1982; Kuhl & Kraska, 1994; see also
Harter, 1985; McCombs, 1989). Affective responses hence give rise to, induce, or
sustain additional interpretations, personal meanings, and beliefs with several self-
assessment processes going on at the same time at different levels of consciousness (c.f.,
Section 6.1; Lazarus, 1991) and that further establish a set of additional behavioral goals
related to or independent of pupils´ specific goals or objectives with ongoing original
learning intentions or behaviors, and cause differing and possibly conflicting action
tendencies (Kuhl & Kraska, 1994; Lazarus, 1991; Leventhal, 1982). Thus, affective
responses can be viewed not only as part of pupils´ mental processes, but also of a
particular kind of dynamics of actions.880 Integration of this kind of whole level affective-
cognitive dynamics or self-system processes have a major impact on the organization of
personality with important individual differences in affective development, as well as in
the development of self-system or self-regulatory personal processes in general (Bower
& Cohen, 1986; Markus & Wurf, 1987; McCombs & Marzano, 1990; Taylor et al.,
1997).              

Reciprocal regulatory influences with affective responses are included in the descriptions
of feedback loop systems by Carver & Scheier (1982), in the so-called perceptual-motor
theory of emotion (Izard, 1986; Leventhal, 1982), or e.g. in contemporary theorists´
conceptualizations of regulation of emotions as consisting of interactional processes
among three domains of emotion response systems, i.e. neurophysiological, motor-
expressive, and cognitive-experiental, and with the environment (Taylor et al., 1997).
Accordingly, activation in any one response domain alters or modulates activation in the
other two domains, and the involvement of all the three domains in the regulation of
emotion is implied. Leventhal (1982) views that emotions can be generated by all three
processings levels (i.e., expressive-motor processing, schematic or perceptual
processing, conceptual or abstract processing), but are most powerfully controlled by the
sensory-motor and schematic levels. Affective responses are viewed to have important
organizing, motivating, and adaptive functions, and to directly induce or regulate other
affective responses881 (Izard, 1986; Piaget, 1981; Taylor et al., 1997). Moreover, the
related assumption of continuous fluctuation of affective states in consciousness implies
that regulation of affective responses has mainly to do with changing the intensity or
quality of ongoing affective states (see Section 5.4.; Izard, 1986).                  

We view both of the forms of self-regulatory activity with affect named above are to
varying extent as influenced by pupils´ personal aspects, as well as various contextual,
situational, or socio-cultural environmental determinants of school mathematics learning
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878 In particular of more extensive or whole level affective responses like emotions (see Section 5.1).
879 C.f., Boekaerts, 1995; DeBellis & Goldin, 1997; Leventhal, 1982; Taylor et al., 1997; Wozniak,
1986.
880 C.f., Damon, 1986; Izard, 1986; Leventhal, 1982; Sigel, 1986; Taylor et al., 1997; Wozniak, 1986;
Zajonc et al., 1982.
881 E.g., interest attenuating fear and sadness or shame attenuating joy.



or of general affective and behavioral patterns (see Sections 6.4 and 8.5; e.g., Bruner,
1986). The essential difference between these two forms of the interplay of affect and
cognition is, however, linked here with the degree of pupils´ consciousness or states of
self-awareness in their involved metalevel processes. Thereby, we see affective
regulation to represent a more dynamic kind of self-regulatory processes with lower level
self-regulatory processes, weak self-control beliefs or personal agency, and weak self-
awareness, while regulation of affective responses represent positive self-control beliefs
and personal agency with higher order self-regulatory processes, promoted self-
awareness, and active regulation of individual affect (see Sections 7.1-7.2; e.g., Sigel,
1986). In consequence, we view the characteristics and role of affective responses in
personal mathematics learning processes to strongly influence and to be influenced by the
nature or quality of pupils´ ongoing metalevel self-appraisals, self-states, and self-
regulatory acts. However, this multifold role of affect may be very complex one, making
the interplay or dynamics of affect and cognition in self-regulatory learning processes
highly diversified in nature (c.f., Leventhal, 1982; Taylor et al., 1997).  In the two
sections below, we consider the qualitative variation in this dynamics by examining the
various aspects of pupils´ self-regulatory processes as intertwined with their affective
responses to mathematics. A basic distinction is made between affective regulation and
active regulation of affective responses.      

7.4.1 Affective Regulation

We view the kind of weakly conscious, highly automatic, and/or habitual self-self-
appraisals and self-regulatory behaviors with pupils´ affective responses considered in
Chapters 5-6 to represent common but reflexive actions, autoregulations, dynamic self-
regulation, or spontaneous self-regulatory activity without strategic control of conscious
processes or at lower levels of hierarchy in the feedback loop control systems and with
weak beliefs about or awareness of personal agency and control over this dynamics (see
Sections 7.1-7.2; c.f., Carver & Scheier, 1982; Piaget, 1981; Shapiro, 1987;
Zimmerman, 1994). In this case, pupils are only weakly aware of the external or internal
arousers of their affective responses,882 of their already ongoing affective states, and/or of
their own habitual attempts to deal with their aroused affective responses to mathematics.
This kind of affective regulation can be characterized as pupils´ inefficient metalevel and
self-regulatory processes with affect. Much of the psychological literature deals with this
kind of personal affective dynamics with involved automatic behavioral mechanisms,
preparation for particular adaptive action expression, or creation of positional orientations
or configurations  (c.f., Piaget, 1981; Scheier & Carver, 1982; Taylor et al., 1997;
Wozniak, 1986). The most often referred to related theoretical approaches are based on
Freud´s psychoanalytic theory of defense mechanism as persons´ unconscious (or
weakly conscious) attempts to control or regulate instinctual drives and expression of
internal affective impulses or emotional desires by ego defense mechanisms.883 To initiate
a defense represents an automatic appraisal of threat or unconscious anxiety, whereas the
involved secondary appraisal would relate to the anticipation of the probable success or
failure in coping (i.e., coping expectancies; Boekaerts, 1995; Lazarus, 1991; Scheier &
Carver, 1982; see also Sections 5.3.2 and 6.1).  

Negative affective responses or self-states (e.g., anxiety, anger, or depression) represent
the most frequently referred to affective objects or aspects of self-regulatory behaviors.
These can be viewed to relate most apparently to this kind of affective regulation
processes. Accordingly, we may connect affective regulation with the notions of persons´
general tendency to regulate their negative affect in order to protect their consistent and
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882 I.e., influential external factors or internal effects including processed mathematical beliefs and belief
systems.
883 Ego is described as self-directed aspects of the self and a defense as a response to negative affective
responses or a way to cope with anxiety. These regulatory behaviours are seen not only as self-protective,
but often also as self-deceptive, implying distortions in mental processes (Messick, 1987). 



positive self-views by defending the self against negative affective states and
strengthening in this way their personal well-being. This dynamics is suggested to be
motivated by goals for self-consistency and self-enhancement (see Chapter 8; Blasi &
Oresick, 1986; Markus & Wurf, 1987; Oosterwegel & Oppenheimer, 1993). The role of
internal self-regulatory processes is then to moderate, manage, suppress, or handle the
experiences and effects of affective responses, i.e., to control affective responses (see
also the next section below; e.g., Boekaerts, 1995; Corno, 1989; Crittenden, 1994;
Fridja, 1986; Kuhl, 1987). Thereby, pupils´ affective responses appear as unavoidable
and hindering aspects884 mainly those to be removed from mental processes and personal
systems or to be defused by personal internal effort and spontaneous self-regulatory
activity.885 Within educational research, to this kind of affective regulation is referred to
by concepts as coping behaviors or intention, off-task behaviours, cognitive controls,
ego  orientation, or performance orientation (see Sections 5.3.3 and Chapter 6; Bandura,
1993; Boekaerts, 1995; Carver & Scheier, 1988; Dweck & Elliot, 1983; Nicholls, 1984;
Santostefano, 1986; Sigel, 1986). Positive affective states such as positive moods are
also dealt with as automatic regulators of behaviour, but these would produce
automatically promotive experiences, the effects or functioning of which do not,
however, involve controlled self-regulatory aspects (e.g., Boekaerts, 1994; Clark, 1982;
Isen et al., 1982). 

Besides the direction, the intensity of affective responses were also viewed above as
playing a significant role in the affective-cognitive interplay (see Sections 5.1 and 5.3.3),
and hence also in pupils´ self-regulatory aspects with affect.886 For example, lower order
or habitual, less self-conscious, and inefficient self-regulatory acts can be viewed to
appear most apparently in the dynamics with many pupils´ daily experienced low
intensity and constantly fluctuating affective responses or states in usual or common
school mathematics learning situations. These can be considered as their various mood
states or gradually arousing levels of a weak affective arousal  or as their weakly
conscious stored patterns of positive or negative affective responses, preferences, or
attitudes to mathematics accompanied by particular automatic behavioral tendencies
connected with the other qualities of these responses. Thence, these come to
automatically influence the content, course, or functioning of pupils´ mathematics
learning behaviors or self-regulatory processes (see also Section 5.3.3; e.g., Clark,
1982; Kuhl & Kraska, 1994; Wozniak, 1986). On the other hand, inefficient self-
regulation with affect concerns pupils´ arousals and experiences of highly intense
affective responses to mathematics, such as mathematics or test anxiety.887 Inefficient
regulation can then be viewed to be caused by the high intensity or extensiveness of these
kinds of affective responses intertwined with pupils´ inability or disinclination to take
control over these responses and/or their general difficulties to activate and sustain higher
order cognitive, metalevel, or managerial processes with these responses (see Section
5.3.3; e.g., Hembree, 1988; Garofalo & Lester, 1985; Mandler, 1989; McLeod, 1989a;
Silver & Marshall, 1990), in particular the action control (or behavior control) processes
and the instigation of action tendencies (Kuhl, 1987; Zimmerman, 1989b). These
features concern even more highly intense negative self-affects to mathematics. 

Kuhl & Kraska (1994) point to the inefficiency of self-regulatory processes with affect as
the “impulsive nature” of strong habits and emotional preferences, indicating that
emotional and procedural subsystems have a more direct impact on behavior than higher
cognitive processing. The action tendencies supported by habitual, intense, and/or
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884 I.e., these would compete with effective information-processing capacity and debilitate mental
processes and learning. 
885 I.e., defending the self from its own experiential states and the consequences of these for the self, self-
system processes, or for the environment. 
886 C.f., Bower & Cohen, 1982; Clark, 1982; Isen et al., 1982; McCombs, 1989; Messick, 1987; Paris
& Winograd, 1990; Santostefano, 1986.
887 That appear specifically in unexpected or unusual mathematics learning events or in important or
demanding mathematics learning situations (see Chapters 5 and 6).



extensive affective responses tend to get completed without pupils´ active participation in
the related dynamics. The directive role of these kind of affective responses within
pupils´ mathematics learning or performance processes easily become dominant,
implying a high self-directive power within their mathematical self-system processes. In
particular, we see this to concern their self-affects or affective responses with their self-
worth or self-esteem related appraisals,888 or, more generally, pupils´ simple and/or
highly stable affective responses to mathematics (see Section 5.1), and, especially pupils
with negative self-beliefs and weak self-control beliefs with mathematics and/or with
their own affective responses (see Section 7.2; e.g., Bandura, 1993). Stable affective
responses (like trait anxiety; see Section 5.2.3) are stabilized into pupils´ personal
behavioral and experiental structures or systems, resulting in emotional preferences with
automatic self-regulatory systems with mathematics (c.f., Section 5.3.1). This dynamics
is most commonly referred to as attitudes toward mathematics involving a behavioral
predisposition to behave in certain way toward mathematical object (see Sections 2.4,
5.2.1 and 5.3.2; Boekaerts, 1995; Hart, 1989b; Leder, 1993; Mandler, 1982; 1989;
Marshall, 1989; McLeod, 1989b; Scheier & Carver, 1982). We may consider this kind of
highly stable affect to influence not only pupils´ daily regulation of their own
mathematics learning behaviors, but also their regulation of affective responses and
experiences with mathematics. 

Affective regulation or inefficient self-regulatory processes with affect can be presented
also against the various aspects of the involved self-regulatory processes. Accordingly,
we may link affective regulation with pupils´ weakly conscious and highly automatic
self-appraisals and self-judgments with their own affective responses and states, with
their lack of efficient or promoting self-monitoring activity with often deleterious self-
assessments of their own affective states, with their weakly conscious or habitual
decisions and choices associated with aroused affective responses, and with their lack of
self-conscious control over these responses or their highly automatic or habitual control
processes concerning experienced affective responses and/or the accompanying
mathematics learning behaviors. In this case, pupils´ self-directive self-assessments and
self-judgments with their affective responses or states are highly affectively toned and
based mainly on their habitual  and deep beliefs and belief systems about the self, about
the socio-cultural beliefs about these responses and patterns to be applied to these
responses, and e.g. about the possible environmental consequences or reactions (e.g.,
sanctions) linked to the expression or maintenance of those affective responses and states
(see also Chapper 6). The often accompanied highly negative self-beliefs or self-worries
with mathematics and lack of self-regulatory skills or self-control beliefs with own
affective responses or coping with these responses further make these secondary self-
appraisals mainly negative and/or debilitative in nature with accompanying habitual, self-
defensive, self-hindering, and/or more externally influenced self-regulatory patterns with
these responses.889 Furthermore, this dynamic or inefficent regulation strengthens in this
way the related (and often inadequate) affective, behavioral, and self-regulatory patterns
with mathematics (c.f., Hunsley, 1987; Sarason, 1975; Tobias, 1978; Wine, 1980).
Depending on the qualities of pupils´ personal beliefs, we may view these self-
assessments with affect to often result in arousals of additional (mainly negative)
affective responses or an intensification of ongoing (often  negative) affective responses,
and in experiences of helplessness with their mathematics learning or with mathematics
learning situations filled with mathematics anxiety or, e.g., test anxiety (c.f., Bandura,
1993; Heckhausen, 1987; Hunsley, 1987; Kuhl, 1987; Peterson & Seligman, 1987;
Sarason, 1975; Weiner, 1986; Wine, 1980). In this way, the qualities, roles, and effects
of pupils´ affective responses on their self-regulative acts with mathematics,890 as well as
further development of their related mathematical self-belief systems or self-systems also
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888 See Section 6.1; Borkowski et al., 1990; Harter, 1985; McCombs, 1989.
889 C.f., Bandura, 1993; Borkowski et al., 1990; Kuhl, 1987; Kuhl & Kraska, 1994; McCombs &
Marzano, 1990; Schunk, 1989b; Taylor et al., 1997; Zimmerman, 1989b.
890 Like, e.g., with their mathematical choices, mathematical goal setting, or forethoughts like
expectations with mathematics.



become importantly increased (c.f., Section 5.3.3; Boekaerts, 1995; Borkowski et al.,
1990; Fennema, 1989; Harter, 1985; Hunsley, 1987; McCombs, 1989; Messick, 1987;
Stipek & Gralinski, 1991; Wigfield & Meece, 1988). 

In addition to the often hindering or preventive effects of often highly intense and
negative affective responses to mathematics, these also force pupils to face and deal with
their affective arousals and experiences with mathematics, as well as their personal
beliefs and processes intertwined with these experiences (see, e.g., Mandler, 1989;
Scheier & Carver, 1982). These kind of affective responses give pupils opportunities to
become more aware of their affective responses to mathematics as well as of the reasons
or beliefs behind these. In this way they can be viewed to get also more information
about themselves as mathematics learners and their own personal mathematics learning
processes or behavioral patterns. These self-observations constitute, then, a track toward
pupils´ higher self-awareness of their own mental contents and acts behind their affective
experiences with mathematics and the first step in their active regulation of their own
affective responses.       

By inefficient self-monitoring with affect we may point to pupils´ general lack of
monitoring and efficient assessment with their own ongoing mathematics learning actions
and affective states, referred to above as debilitative self-focus, engagement in self-
worries with mathematics, debilitative off-task behaviors during their mathematical
performances, or state orientation (see Chaper 6 and Section 7.3.2). In this case, pupils´
attentional mechanism is intertwined with the ongoing affective experience itself, and
often with self-worries or self-concern filled with highly influential additional affective
responses (c.f., Kanfer & Kanfer, 1991) and/or with beliefs in or expectancies of one´s
inabilities to deal with those responses (e.g., coping with fear or mathematics anxiety),
the hindrance effects of these responses on their mathematical activities, or to cope with
affect intrucing mathematics learning situations such as mathematical failures (c.f.,
Bandura, 1993; Boekaerts, 1995; Scheier & Carver, 1982; Paris & Byrnes, 1989). The
appearance of this kind of debilitative and emotionally filled self-focus is viewed to
depend on the salience of state-related cues like the amount of irrelevant information or
beliefs activated, the arousability of debilitating affective responses within the person,891

and the frequency of previously experienced similar difficulties or self-doubts (Carver &
Scheier, 199b; Kuhl, 1987; Leventhal, 1982; McDonald, 1989; Scheier & Carver, 1982;
Schunk, 1989b). Moreover, this aspect of self-monitoring can be viewed to point to the
hindrance effects of pupils´ beliefs about others´ negative beliefs and responses with their
self in general and with respect to mathematics in particular. Self-monitoring activity that
is evoked from, filled with, or directed by pupils´ beliefs or worries about other
significant persons´ thoughts, expectancies, or responses to their own mathematical
abilities, performances, responses, or behaviors appear often deleterious or inefficient in
nature. It is more generally related to the notions of socio-cultural aspects of one´s self or
self-image, including monitoring one´s public self or external views of self. Taking the
perspective of others to the self and self-abilities or self-qualities in mathematics learning
situations is necessary in the development of pupils´ mathematical self-belief systems and
self-knowledge (see Sections 4.4.1 and 6.4) and very helpful in some circumstances. On
the other hand, it is found to have highly debilitative or distorted consequences for one´s
self-control or self-regulatory behaviors, playing a significant role in the evoking and
maintenance of inefficient self-focus accompanied with arousals and experiences of
highly intense and influential affective responses (see Section 7.3.2; Kuhl & Kraska,
1994; Scheier & Carver, 1982). In relation to mathematics learning or performances in
particular, we may view these aspects to relate to pupils´ frequent experiences and
intensifications of mathematics anxiety (see c.f., Section 6.4).

Inefficient or affective regulation can be further joint with pupils´ mathematical negative
forethoughts such as their low expectations of a mathematical success or mathematics
failure expectancies, with their low confidence in or pessimism about their own future
mathematics learning or outcomes, as well as with their low coping expectancies or
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perceptions of their own weak agency and control over their ruminating thoughts and
affective arousals or responses, as well as the consequences of these (see Chapter 6 and
Section 7.3.2). In addition to negative self-beliefs, also some socio-cultural beliefs or
behavioral patterns appearing in relation to mathematics and its learning, together with
pupils´ general inadequate self-regulatory, control, or volitional skills, have effects on the
appearance and frequency of these debilitative self-regulatory constructions filled with
negative affect. 892 The resulting affective withdrawal, functional helplessness, coping
deficiences, defensive styles, or various inadequate coping behaviors with their own
affective state and learning processes impair pupils´ possibilities for maintaining higher
order metalevel processes with increased anxiety or depressive responses and
development of general negative affective responses towards mathematics, as well as of
serious motivational obstacles or distortions into their mathematics learning (c.f., Chapter
8; Bandura, 1993; Boekaerts, 1994; Kuhl, 1987; McCombs, 1989; Messick, 1987;
Carver & Scheier, 1988, 1990b; Taylor et al., 1997; Weiner, 1986).

The more dynamic kind of self-regulatory activity concerning pupils´ habitual or
inefficient decisions or choices with their affective responses and states points again to
the notions of defense mechanisms and activation of various coping or off-task behaviors
instead of task-oriented activity. This applies especially to highly intense negative
affective responses or self-affects and take place under lower levels of awareness, very
automatically, and as directed by pupils´ habitual (or externally conditioned) mathematical
beliefs or self-belief systems and behavioral patterns (see Section 7.3.; c.f., Iran-Nejad,
1990; McCombs, 1989; McCombs & Marzano, 1990; Mills, 1991; Ridley, 1991). Most
commonly, these regulatory acts are suggested to be turned toward a reduction of
intensity of an affective response, turning off an affective state, and/or displacing an
affective response by various (habitual) activities. Taylor et al. (1997) mention
imagination and inducement of pleasurable affects or attempts to modulate distressing
states as examples of these kinds of affective regulating functions.893 Furthermore,
development of interests partly serve some of the affect regulating functions. In
Boekaerts´ (1995) model, the coping intention discontinues action of motivated learning
and starts activity in the well-being mode by using preferential coping techniques (i.e.,
problem-focused or emotion-focused coping) to maintain or restore this well-being, by
which pupils would try to prevent loss in their personal resources. Self-directive
decisions and choices are then made in order to protect oneself from possible
mathematical failures and subsequent negative internal or external feedback or evaluation,
resulting most often in interruptions of their mathematics learning behaviors and efforts
and in further strengthening of similar kinds of preventive and distracted self-regulatory
patterns with their affective responses and mathematics learning (c.f. also Section 5.3.3).
As examples of these kinds of acts or processes can be mentioned the perceptions made
of pupils´ different kinds of inappropriate actions or efforts in dealing with their
frustrations during mathematical performances or of their unavoidable sticking in the
affective personalized experience (Mandler, 1989; McDonald, 1989; McLeod, 1988;
Schoenfeld, 1985a). 

Lack of efficient self-control behaviors intertwined with affective responses to
mathematics includes the weakened capability to active self-control due to aroused highly
intense and often negative affective responses to mathematics (see the text above).
Moreover, pupils often and very automatically give room for their habitual or negative
affective arousals and responses in mathematics learning situations with accompanied
habitual self-regulatory behaviors. Without highly self-conscious monitoring and well-
developed self-control or agency beliefs or coping self-efficacy with respect to these
responses, pupils can be viewed to function under the direct social environmental
influences or their externally conditioned and habitual self-beliefs and/or mathematical
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892 See also Sections 6.4 and 8.4; c.f., Bandura, 1993; Boekaerts, 1988; Borkowski et al., 1990; Corno,
1989; Kuhl & Kraska, 1994; Marshall, 1989; McCombs & Marzano, 1990; McDonald, 1989; Carver &
Scheier, 1988, 1990b; Taylor et al., 1997.
893 Even more instinctive and common self-regulatory acts with affective states to be represented by
transitional object functions like nail chewing or clinging to secure objects. 



belief systems and behavioral patterns with related affective responses in mathematics
learning situations. Accordingly, pupils´ affective responses, as well as the regulation of
these with mathematics, become caused and conditioned more by the immediate external
factors or processes dominating mathematics learning (see Sections 6.4, 7.3, and 7.5;
Bandura, 1993; Iran-Nejad, 1990; McCombs, 1991; McCombs & Marzano, 1990; Paris
& Winograd, 1990; Zimmerman, 1989b). With these kinds of self-functioning states, the
affective interaction between pupils and their mathematics learning environment can be
illustrated as rather direct, fixed, impersonal, and controlled more by external factors of a
mathematics learning situation. Also more generally, in inefficient self-regulation with
affect we may see an increase in the connections or consistency between the qualities of
environmental or contextual aspects od school mathematics learning and pupils´ affective
responses to mathematics, but, also between the qualities of their mathematical beliefs
and the qualities of their affective responses to mathematics, as well as between the
qualities of their affective responses to mathematics and the qualities of their mathematics
learning behaviors. The direction in the development of their individual-environment
mental interaction is thus seen to come from an externally (contextually or socio-
culturally) conditioned mathematics learning environment and mathematical beliefs or
behavioral systems to their rather automatic affective responses as well as self-regulatory
behaviors with their own affective states, determined mainly by these habitual mental
and/or socio-cultural patterns and direct interactions (c.f., Section 6.4). The centre of
gravity in the individual-environment regulatory interaction can then be placed in external
or environmental determinants instead of pupils´ individual aspects, factors, or activities,
or personal agency. 

7.4.2 Active Self-Regulation of Affective Responses

By efficient metalevel and active self-regulatory processes with affective responses, we
now point to pupils´ efficient or active and self-concious self-regulatory mathematics
learning processes in general (see Section 7.2), including their practice of active self-
control and direction of their own affective responses to mathematics with respect to the
experience, construction or arousal, qualities, expression, as well as the effects of these
on their mathematics learning processes. More particularly, we refer to pupils´ conscious
evaluations and judgments of self and affective arousers or self-states in mathematics
learning situations, their active monitoring and control of these arousers and states or
self-processes, their actively and consciously constructed forethoughts, decisions, and
choices with their own affective self-states and arousers or the effects of these in their
mathematics learning processes. In this case, the emphasis on the individual-environment
mental interaction with affect is in pupils´ self-directed personal processes and affect with
high self-knowledge, high personal agency and higher states of self-awareness included
(c.f., Section6.4). Active regulation of affective responses make this interaction between
environmental features and pupils´ mathematical affective responses or self-states less
direct or more actively and personally influenced by pupils, and hence, their affective
self-states or regulation of these more independent of the instant environmental
conditions or specific features of school mathematics learning (e.g., of a mathematical
task), but also of their own stable self-beliefs and mathematical belief systems (see
Section 7.3.2). With active self-regulatory processes we may further notice that the
various aspects of self-regulatory processes (i.e., appraisals, monitoring, forthoughts,
decisions and choices, self-control actions) become even more closely intertwined with
each other so that we may speak of pupils´ consistent higher order self-regulatory and
open self-system processes with affect and mathematics (see also Section 7.5).           

In this case, pupils´ self-states can be characterized not only as their highly promotive
and efficient mental states, but rather as their self-states in which their affective responses
in fact play a less dominant role. They are more likely objects or efficient sources of
pupils´ self-information and guidelines for their personal and self-directed mathematics
learning processes. Thereby, affective arousals, responses, and states with mathematics
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represent active but self-directed personal aspects of pupils´ mathematics learning.894

Higher states of self-awareness and higher order self-regulatory processes can be viewed
to bring pupils more alternatives or flexibility and diversions also for their mental
processings and behaviors with mathematical affective arousals and experiences (c.f.,
Sections 5.4 and 7.2). Pupils´ high experienced and practiced personal agency in regard
to mathematics and to their affective responses will raise their personal mathematics
learning processes into the level at which their true individuality, personal constructive or
creative role, self-control, as well as situational variation will also appear with respect to
their affective experiences with mathematics. In a broader sense, metalevel processes,
then, not only represent the seat of pupils´ regulation and controlling of their own
affective responses to mathematics, but also act as important functions in their personal
and self-conscious arousal, construction, experience, and development of these
responses to mathematics. In this, higher self-awareness and increased self-knowledge
of the qualities, arousers, effects, and processes of their affective responses, can be seen
to constitute the essential gate to these kind of efficient metalevel and self-system
processes with mathematics.895

The intertwined efficient self-reflective processes with self-concious self-evaluations or
deliberate appraisals, as well as conscious self-judgments and self-monitoring, form the
basis for pupils´ active creation, direction, and regulation of their own personal and
situational aspects behind and with their mathematical affective experiences (see also,
e.g., Boekaerts, 1995; Lazarus, 1991; Mandler, 1989; Wigfield, 1994). The effects of
mathematial affective responses on pupils´ self-appraisals, self-judgments, and self-
regulatory activity are also mediated by their self-conscious and self-controlled strategies.
More commonly, these self-reflective aspects can be joint with pupils´ heightened or
increased self-knowledge896 with respect to mathematics learning. This is further related
to their increased adequate knowledge of mathematics, mathematics learning, and of
mathematics learning situations, as well as to their increased awareness of their own
beliefs behind affective responses to mathematics  (c.f., Sections 4.4.1, 5.4, and 7.3.2).
Increased self-knowledge essentially increases pupils´ possibilities to be aware,
understand, and influence their affective responses or the effects of these on their
mathematics learning processes through self-evaluative and self-regulatory processes.
This kind of efficient self-evaluation or self-monitoring aspects with affective responses
are also reflected in the recently and widely referred to concept of emotional intelligence
(Goleman, 1995), that is, in pupils´ ability to accurately appraise their affective responses
and to control and use them in adaptive ways, as well as to understand the feelings of
other people (see Taylor et al., 1997).         

Efficient self-observation or successful self-monitoring is viewed to involve
systematically monitoring one´s own performance (e.g., one´s own progress) with self-
focus directed on action alternatives instead of state related information, filled with
facilitating affect in contrast to debilitating emotion and characterized by effective
selective attention and parsimonious information processing (Kuhl, 1987; Kanfer &
Kanfer, 1991;  Paris & Byrnes, 1989). Boekaerts (1995) calls these efficient self-states a
continuation of activities in the mastery mode, filled with dominantly positive cognitions
and emotions and sustained by successful forms of emotion control. These are described
by recent phenomenological views of self-regulated learning as unconditional experiences
of the self or self-determination and filled with enjoyment and an innately confident,
peaceful, harmonious ease, a mentally healthy level of functioning, and an effortless state
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894 Reflected, e.g., in research results indicating a causal or more direct positive relation between pupils´
high self-efficacy and self-confidence or agency beliefs and their self-regulatory skills or self-directed
learning processes than that between their experienced anxiety and mathematical performances or choice
behaviors (see Chapter 8; e.g., Bandura, 1993; Hackett & Betz, 1989; Meece et al., 1990; Pintrich &
DeGroot, 1990). 
895 C.f., Corno, 1989; McCombs & Marzano, 1990.
896 Or, to more logically held and well-structured self-belief systems with less intense affective responses
to mathematics (see Sections 4.1 and 5.3.2).



of self-esteem (McCombs, 1989; 1991; McCombs & Marzano, 1990; Mills, 1991;
Whisler, 1991). More commonly this kind of efficient self-evaluative and self-monitoring
activity is joint with pupils´ positive self-beliefs or self-control beliefs and perceptions of
high personal agency. The recent social cognitive views of self-regulated learning stress
the role of these kinds of positive self-beliefs or self-efficacy beliefs in sustaining more
promotive self-assessments and self-judgments in efficient self-regulation (c.f., Chapter
6; Bandura, 1993; 1994; Schunk, 1984; 1989b; Zimmerman, 1989b). We place the most
importance in this to pupils´ beliefs, perceptions, and judgments of their high personal
control and competence with mathematics (considered in Chapters 4-6; see also Sections
7.2 and 7.3.2) and, more particularly, the focus is on their beliefs, perceptions, and
appraisals of their own possibilities to actively construct, control, and regulate the
personal processes intertwined with their own affective responses to mathematics (c.f.,
Bandura, 1993; Iran-Nejad, 1990; McCombs, 1989; McCombs & Marzano, 1990;
Rogers, 1983; Rosenberg, 1985; Weiner, 1992a; Zimmerman, 1990).897

Moreover, these kinds of positive or promotive self-evalutions and judgments or
promotive affective self-states or self-monitoring are suggested to be enhanced by
valuing particular competences or by effort attributions, i.e. by particular kinds of
mathematical beliefs (see Sections 6.2-6.3, 7.3.3, and 7.5; Bandura, 1993, Eccles et al.,
1983; Harter, 1985; Malmivuori, 1996b; McCombs, 1989; Meece et al., 1990; Nicholls,
1984; Stipek & Gralinski, 1991). For example, the involved feelings of pride and self-
fulfillment would then sustain or activate pupils´ action-oriented and efficient
mathematics learning or self-regulation behaviors, together with efficient regulation of
their own affective responses,898 and hence, self-states for overcoming or supplanting the
often negative affective responses to mathematics (Fennema, 1989; Harter, 1985; Meece
et al., 1990). These kinds of promotive mental structural qualities and self-states can be
viewed to make pupils generally less sensitive to interfering environmental effects,
mental interruptions, threat appraisals, as well as affective arousals in mathematics
learning situations, and more open to experience (see, e.g., Clark, 1982; Mandler, 1989,
McCombs & Marzano, 1990; Rosenberg, 1985; Taylor et al., 1997), all important
aspects in self-regulatory functioning with affective responses. Furthermore, the
increased flexibility of efficient self-regulatory processes produces more possibilities for
pupils to evoke replacing beliefs or appraisals899 and to actively arouse or construct more
promotive affective self-states based on this more intergrated self-information or self-
understanding in mathematics learning situations (see also Section 7.3.2; e.g., Berardi-
Coletta et al., 1995). 

The above illustrated positive self-states and promotive self-appraisals, self-judgments,
and self-monitoring with affect all refer also to the accompanying positive and promotive
forethought mechanisms that are further essentially linked with the motivational-
behavioral dynamics in mathematics learning (see Sections 7.2-7.3, 7.5 and Chapter 8).
These are seen, e.g., in the form of anticipation or imagination of positive outcomes, i.e.
positive expectancies, also referred to as task-management strategies (Bandura, 1993;
Corno, 1989; Kanfer & Kanfer, 1991; Kuhl & Kraska, 1994). Kuhl & Kraska (1994)
include these promotive self-directive constructions in their motivation control strategies
with attempts to generate action-related emotions that would increase the evaluative
strength of an intention, mainly achieved by imagining positive outcomes. The affective
function of the future or possible selves in Markus and his colleagues´ models is to make
one feel good or bad. Accordingly, well-structured and positive self-views, future self-
perceptions, and expectancies will enhance pupils´ positive and promotive affective
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897 Reflected further, e.g., in pupils´ independence, willingness to risk failure, or overcoming negative
perceptions and responses (see, e.g., Bereiter, 1990; Fennema, 1989; Paris & Winograd, 1990; Ridley,
1991; Weiner, 1992a). 
898 C.f., Bandura, 1986; 1993; Borkowski et al., 1990; Harter, 1985; Heckhausen, 1987; Hunsley, 1987;
Paris & Byrnes, 1989; Schunk, 1989a; Weiner, 1992.
899 E.g., less externally conditioned or intertwined with learned and highly stable mathematics self-
concept or affective personal characteristics and reactions.



experiences, optimism, feelings of confidence and efficacy, as well as goal directed
activity with mathematics (c.f., Sections 4.4, 6.1-6.3, and Chapter 8; Borkowski et al.,
1990; Carver & Scheier, 1988; Harter, 1985; McCombs, 1989; Oosterwegel &
Oppenheimer, 1993). The motivation component of these self-regulatory processes will
be considered more in Chapter 8. The above considered promotive self-states and self-
regulation aspects with affect also point directly to pupils´ conscious decisions and
choices or efficient self-control activity in general and with their affective responses in
mathematics learning in particular. For example, increased self-knowledge and awareness
of their own mathematical beliefs and belief systems necessarily further relate to pupils´
increased ability to make active and adequate decisions and choices with their own
affective responses and to take control over those personal processes involved in their
affective responses or the effects of these on their mathematics learning processes (c.f.,
Bandura, 1993; McCombs, 1989; McCombs & Marzano, 1990; Schunk, 1984;
Zimmerman, 1990). By actively arousing promotive or efficient self-regulatory affective
states, by determining the duration or reinforcement of an already aroused affective
response, or by consciously deciding to not attend an ongoing affective arousal or a state,
pupils can then reduce or increase the intensity of an affective state or turn their ongoing
affective experience from negative (e.g. disliking) into neutral or positive (e.g., tolerance
or interest). 900 More particularly, by these active and highly self-aware self-regulatory
processes pupils are able to influence, restrict, and overcome the impacts that
constructed, often negative, affective responses such as anxiety have on their intentions
and actions in mathematics learning events (see Sections 5.3.3 and 7.5). 

Social cognitive views refer to self-regulatory behaviors with affect such as self-
reinforcement, affective self-incentives, use of promotive or high self-attributions in
interpretating successes and failures, and creation or sustenance of positive
expectancies.901 The three classes of self-reaction strategies, i.e. behavioral self-reactions,
personal self-reactions, and environmental self-reactions, are all seen to be sustained
through positive self-evaluations and to consist of interdependent personal influences
also involving effective regulation of affective self-states (Bandura, 1986; Schunk,
1989b; Zimmerman, 1989b). More specific notions of self-control activities with
affective responses and states are given by volitional approaches to self-regulation (see
Sections 7.1 and 7.5). Kuhl (1985), Corno (1989), and Kuhl & Kraska (1994) refer to
these simply as emotion control and classify them as volitional self-regulatory processes
or strategies. Emotion control includes inhibition and altering detrimental emotional states
like worry by such self-regulatory acts as using positive inner speech during task
engagement, converting an unpleasant emotion to a pleasant one, admonishing
themselves in an effort to produce sufficient guilt to carry themselves through tasks, or
converting an unpleasant emotion to a pleasant one, e.g. by consciously thinking
interesting and relaxing things (Corno, 1989, p. 120). Kuhl & Kraska (1994) describe
emotion control as a strengthening of emotions that facilitates the initiation, maintenance,
or termination of a different intention. A final step in volition-emotion integration in
mature self-regulation would include that persisting conflicts between volitionally
supported intentions and emotional preferences are avoided by finding new ways to
develop emotional support for different intentions. Boekaerts (1995) uses the term
emotion control to refer to regulation of emotions as an aspect of pupils´ general
behavioral control mechanisms directed at the affective state itself or the behaviors and
cognitions operating behind that state. Succesful forms of emotion control get pupils out
of the well-being mode and turn them toward reappraisal and activity in the mastery
mode, i.e. efficient learning.

As stated above and also, e.g., by Bandura (1993) and Taylor et al., (1997), we see
active regulation of affective responses as well as the effects of these on learning
processes to have much to do with pupils´ ability to regulate their own thoughts, beliefs,
and mental processes with or behind their affective responses, i.e. with their regulation
and control of their own mental contents and processes or cognition (see Section 7.3).
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These higher order self-regulatory features are again essentially intertwined with pupils´
personal knowledge and beliefs, in particular with their increased self-knowledge, higher
self-awareness, and strong agency or self-control beliefs with these activities.902 For
example, Bandura (1993) introduces perceived self-efficacy to control thought processes
as a key factor in regulating thought produced stress and depression. Kuhl & Kraska
(1994) view self-reflection as a self-regulation strategy involving metacontrol over one´s
own thought processes with selective activation or inhibition of elements in the different
subsystems, including emotional preferences and the freezing function. Kluwe (1987)
stresses the role of executive decisions in the control and regulation of one´s own
thinking. Whether these decisions are aimed at the acquisition of information about own
ongoing mental activity or about the present state of one´s own mental endeavour, or at
the transformation or maintenance of one´s own mental activity and states, they all are
intertwined also with the active regulation of affective responses and states. To these we
may further add the important notions of coping with failure or fear (Carver & Scheier,
1988; Kuhl & Kraska, 1994; McCombs, 1989; McDonald, 1989; Scheier & Carver,
1982), which are viewed to either increase or decrease pupils´ possibilities to come off
the arousal of their negative self-assessments and affective responses caused by a
temporary obstacle or blockages during their mathematical performances (i.e., fear or
failure) or by their true experiences of or face with mathematical failures (see the next
section below).  

In addition to interdomain and intradomain regulation of emotion, Taylor et al. (1997)
refer to interpersonal regulation taking place within social relationships and other aspects
of the environment. This kind of regulation may be supportive (e.g., soothing) or
distruptive (e.g., arguing) in nature, and is further related to the notions of environmental
control or perceived coping efficacy with the environmental settings presented, e.g., by
Bandura (1993) and Corno (1989). According to Bandura (1993, p. 125), beliefs in
one´s own efficacy to exercise control over stressors plays a central role in anxiety
arousal and in pupils´ ability to take active control over these environmental effects.
Hence, pupils´ possibilities for sustaining their own active control over distressing
mathematics learning situations and contexts also  influences their highly intense affective
responses to mathematics (see also Section 6.4.). Corno´s (1989) volitional analyses
include overt processes of self-control with control of a task situation by controlling the
task or the setting involved and with control of peers and teacher in the task setting,
which also supports pupils´ control over their own affective responses to mathematics
(see also Section 7.5). Finally, all the above examined aspects of active self-regulation of
affect can be further linked with the various situational or more stable personal and
environmental or contextual features dominating school mathematics learning situations
and influencing pupils´ abilities and possibilities to active self-regulatory processes.
These aspects and influences will be shortly considered in Chapter 8. To summarize the
considerations in this section, we make a basic general connection between the direction
of pupils´ affective responses or self-states and the quality of their self-regulatory
functioning. Accordingly, negative affective responses or states can be considered as a
sign of or intertwined with pupils´ inefficient or preventive self-regulatory processes in
mathematics learning. Furthermore, these kinds of self-states or affective responses
would represent personal and situational aspects to be removed from pupils´
consciousness by their higher order self-regulatory activity. On the other hand, positive
affective responses or self-states mainly indicate pupils´ efficient and internally directed
or oriented self-regulatory processes that often increase and promote the activation,
functioning, and sustenance of their reflective self-awareness states and active self-
regulatory processes during mathematics learning. In particular, these promotive linkages
apply to pupils´ highly important self-related affective responses and states with
mathematics. 

Below we will look at the components and aspects of self-regulatory processes especially
with respect to pupils´ personal mathematics learning behaviors or intentions. Analysis of
the involved motivational aspects will be presented in Chapter 8 that will integrate the
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presented dynamics with pupils´ personal mathematics learning and self-regulatory
processes into a unifield whole.  

7.5 Self-Regulatory Acts in Mathematics Learning Behaviors
and Intentions 

Here we consider more closely self-regulatory constructions or acts as involved in
pupils´ regulation of their own mathematics learning behaviors and intentions, and
accompanied by their mathematical affective responses or self-states. In these analyses,
we apply again the various theoretical perspectives to self-regulation presented above,
consisting of pupils´ personal self-evaluative or self-judgmental, constructive, decisional
or executive, selective, and control processes. These self-regulatory consctuctions or acts
are intertwined with or aimed at mathematical performances or achievements, at studying
mathematics, doing mathematical tasks, or solving mathematical problems. Self-
reflections point now particularly to pupils´ evaluations, judgments, and monitoring of
their own mathematics learning or performance processes, states, or acts, as well as
mathematical outcomes or various external aspects of mathematics learning situations
influencing these. Furthermore, these self-reflective activities influence and interact with
pupils´ constructive self-regulatory processes and/or their decisions and choices, and
their control activity directed towards these personal mathematics learning processes,
states, and the environmental effects on these. Accordingly, we view these discerned
self-regulatory actions, i.e. evaluation, monitoring, and regulation, and affective self-
states constantly function together as pupils´ integrated higher order self-system
processes in mathematics learning situations. The qualities of these processes are
importantly intertwined with the degrees of their self-awareness and personal agency, as
well as with the emergence, type, or qualities of their personal goals and intentions for
mathematics learning or for self-regulation.903

The below examined aspects illustrate our perspective to the dynamics of pupils´ affect
and cognition with or behind their mathematics learning behaviors and intentions, i.e.,
significant personal mathematics learning experiences and actions as always shaped,
activated, accomplished, and regulated through metalevel self-directive and self-
regulatory processes at varying levels of consciousness and states of self-awareness.
Bandura (1986) notes that “People use the instrument of thought to comprehend the
environment, to alter their motivation, and to structure and regulate their actions” (p. 1).
According to Scheier & Carver (1982), behavior is regulated by a continuous process of
bringing to mind goals and intentions and attempts to match behavior to those desired
actions. By intentions we refer here to deliberate action alternatives or the products of
choice processes, that besides personal goals or plans provide pupils with representations
of their own future mathematical situations or states and that are necessary in explaning
their behavior (c.f., Brown, 1987; Kanfer & Kanfer, 1991; Kuhl & Kraska, 1994;
Pervin, 1991). By pupils´ significant mathematics learning behaviors under their self-
regulatory mechanism we refer to all kinds of their acts or activities involved in their
personal mathematics learning processes. In the model of affective domain presented in
Section 3.3, these kinds of behaviors were named pupils´ optional behaviors. They are
the kind of external and perceptual or internal and non-observable behaviors that reflect
pupils´ personally constructed and expressed behaviors and on which they have personal
influences (Saari, 1983, p. 33-35).904 The related categories in the model consisted of
pupils´ observable acts of situational behavior, customs and habits, interests, working,
and life style, and of their internal acts of plans, decisions, choices, and the realization of
all these internal actions. These were classified according to extensiveness or complexity,
but also we may point to the increase in pupils´ consciousness and self-control in these,
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Kanfer, 1991; Scheier & Carver, 1982; Weinert, 1987.
904 These differ from pupils´ physiological kind of behaviors, as well as behaviors essentially linked with
their inherited personality features.



along with the categories from below to upwards (see Figure 3.1). Accordingly, more
active self-regulatory processes should be involved, e.g., in pupils´ choices than in the
category of their situational behavior. Moreover, we view this classification of optional
behaviors joined with the accompanied increase in pupils´ individual involvement,
personal commitment, and consistency or stability in their optional mathematical
behaviors, or to a decrease in the influence of socio-cultural or contextual mathematics
learning aspects on their behaviors. All the categories of optional behaviors are in the
model viewed as essentially intertwined with affect. Within recent mathematics education
research, we relate such categories especially to notions of internal behaviors by the
concepts or self-regulatory acts like choices of mathematical tasks or activities, of
mathematics courses and career, plans for mathematical acts, performances, or learning,
and persistence behaviors during mathematical problem solving. 

As above, we consider self-directive and/or self-regulatory activity as tightly linked with
pupils´ significant personal mental constructions, models, and behavioral patterns, or
self-systems, and in particular with their important self-directive or metacognitive
mathematical beliefs and belief systems (see also Sections 3.4.3 and 7.3). Most
commonly, these personal and mental systems constitute the kind of habits of thought
and a functional guide, local regulators, behavioral modules, or proceducal subsystems
that direct not only pupils´ characteristic or habitual appraisals and affective responses to
mathematics, but also their self-regulatory behavioral patterns or models in their own
mental, affective, and overt activity or performances in mathematics learning situations.
These kinds of central, deep, and/or habitual belief systems can be defined as pupils´
persistent organization of self-regulation behaviors with mathematics developing e.g.
through modeling (see Section 8.4; c.f., Bandura, 1986; Bereiter, 1989; Messick, 1987;
Paris & Byrnes, 1989; Santostefano, 1986; Schunk, 1989b) and that have a more direct
and often weakly consciously applied impact on their mathematics learning actions or
intentions.905 In Santostefano´s (1986) related notions of cognitive controls, these kinds
of self-regulatory patterns represent intervening variables that define principles by which
motoric behavior, perception, memory, and other aspects of cognitive functioning are
organized as individuals coordinate themselves with the environment (p. 176). These
patterns then become enduring aspects of pupils´ functioning or adaptive style also in
mathematics learning situations, the totality of which is classified by Santostefano (1986)
as cognitive style. This more dynamic kind of self-regulation was considered above
especially with respect to affective regulation, e.g. in the form of defense mechanisms
(see Section 7.4.1; Sigel, 1986). 

On the other hand, by the notions of pupils´ true optional behaviors in mathematics
learning we may refer to their personal mathematics learning processes intertwined with
highly self-conscious personal activity, active and highly self-aware direction and
regulation of their own mathematics learning behaviors and intentions, as well as the
various aspects of mathematics learning situations or self-states.906 With these kinds of
learning processes the balance in the individual-environmental mental interaction is in
pupils´ personal processes and activities instead of environmental influences on their
mathematics learning. This kind of true optional learning behaviors are more commonly
referred to in recent educational research´s emphasis on pupils´ high metacognitive or
self-regulatory skills.907 As such, these behaviors or skills are seen to entail the operation
of specific mental processes subject to developmental changes and by which individuals
organize, monitor, and direct their own thinking or the information-processing flow of
the learning process (c.f., Section 7.2; e.g., Bandura, 1986; Boekaerts, 1995; Brown,
1978; Kluwe, 1987). These processes are seen to help pupils control their attention or
affective responses, to offer them more or less specific strategies for information-
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905 C.f., Iran-Nejad, 1990; Kuhl & Kraska, 1994; Scheier & Carver, 1982.
906 C.f., Ryan & Stiller, 1991.
907 See also Sections 7.1 and 7.3; Bandura, 1986; Boekaerts, 1994; Borkowski et al., 1990; Brown, 1978;
1987; Flavell, 1979; 1987; Kuhl & Kraska, 1994; Pintrich & DeGroot, 1990; Schunk, 1989b;
Zimmerman, 1989b; Zimmerman & Martinez-Pons, 1988.



processing, and e.g. to help them manage time (Paris & Byrnes, 1989; Paris &
Newman, 1990; Weinstein & Mayer, 1986). General tactics for making inferences,
monitoring comprehension, or planning and revising one´s own writing are examples of
mentally performed strategies, whereas others can be external tactics (Paris & Byrnes,
1989; Paris & Newman, 1990). Development of these skills in general is considered as a
gradual process of internalizing self-regulatory knowledge and skills through
observations, direct teaching, and feedback from others (c.f., Section 7.1 and 8.4;
Bandura, 1986; McCombs, 1989; Rohrkemper, 1989; Schunk, 1989b).   

One of the common viewpoints or implicit presumptions underlying the studies and
recent theoretical developments with self-regulated learning involves the idea that
practising efficient and active self-regulatory behaviors in itself will enhance or further
strengthen pupils´ achievements, performances, affective experiences, as well as
motivation to learn and be engaged in further higher order self-regulatory activity or true
optional learning behaviors. Accordingly, higher order metalevel processes with active
self-regulation and self-direction of their own mathematics learning actions and
intentions, as well as affective experiences, would then empower both pupils´ skill908 as
well as their will in learning and in self-regulation.909 As stated above, these processes
represent the key personal dynamics or self-system processes in learning910 and enhance
further the kind of essential features of personal responsibility, independence,
autonomity, or reflective intentionality referred to in turn as central objectives, as well as
signs of meaningful learning in recent learning models (e.g., Bereiter, 1989; Fennema,
1989; McCombs & Marzano, 1990; McLeod, 1992; see Chapter 8). As highly personal
processes, active self-regulation constitutes thence a channel through which pupils may
put into effect their personal and unique mathematical intentions, appreciations, efforts,
and agency. This manifests itself in pupils´ situational and specific mathematics learning
processes, affective experiences, and actions (e.g., in solving mathematical problems),
as well as in their longer-term mathematical intentions, responses, and self-directive
constructions and processes (e.g., in choices of mathematical courses; see also Chapter
8). Below we first examine the various aspects or components of pupils´ regulation of
their own mathematics learning actions and intentions, and then we present essential
qualitative differences in these self-processes and self-experiences.    

7.5.1 Different Aspects and Moments of Behavioral Regulation

One general viewpoint attached to self-regulation or self-regulated learning in particular
includes the idea that pupils consciously choose to self-regulate or to not to self-regulate
their learning. On the other hand, we above considered pupils´ self-regulatory processes
as always present. Their self-regulatory assessments and judgments, their self-
monitoring, as well as their self-directive constructions, decisional processes, choices,
and self-control in general take place at various levels of their self-consciousness or self-
awareness states.911 Pupils attend to these processes with varying intensity or personal
agency, in which their self-reflections, choices, or decisions on actions or intentions are
more or less actively and self-consciously recognized and constructed or directed by
them. We view this to apply also to those reflections, choices, and decisions directed at
their own self-regulatory acts with mathematics learning processes that are generally seen
not to differ from the self-regulatory acts directed toward other kinds of personal
behaviors (e.g., Kluwe, 1987). All the various aspects of metacognition or self-
regulation, i.e. awareness-monitoring-regulation (see Section 7.1), are then intertwined
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908 E.g., in the form of greater use of learning strategies.
909 See Chapter 8; Bandura, 1986; Fennema & Petterson, 1985; McCombs & Marzano, 1990; Nicholls,
1983; Paris & Winograd, 1990; Zimmerman, 1990; Zimmerman et al., 1992; Zimmerman & Martinez-
Pons, 1986; 1988.
910 C.f., Section 7.2; Borkowski et al., 1990; McCombs, 1989; McCombs & Marzano, 1990;
Zimmerman, 1989b.
911 C.f. also McCombs, 1989; McCombs & Marzano, 1990.



with each other so that pupils´ self-judgments or monitoring of their own mathematics
learning actions influence their decisions on further actions, and their executive decisions
may be directed at monitoring and controlling their own mathematics learning activities or
affective states.912 Self-regulatory processes are viewed to alter during development, but
not automatically entail improvement according to age or changes in the environment
(Bandura, 1986; Schunk, 1989b). Instead, they are engaged more importantly in the
development of pupils´ important self-beliefs, self-systems, self-influences, and self-
system processes (see Sections 7.1-7.3). Below we connect these various self-regulatory
aspects or components with pupils´ mathematics learning behaviors and intentions, and
also more closely with each other in order to appear as their consistent self-regulatory
processes in mathematics learning.    

Evaluations and judgments made of the self, of the task, or of the learning situation are
considered as forerunners of pupils´ actions in general and for their self-regulatory
learning activity in particular.913 These assessments determine which tasks pupils find
worthwhile and how they choose to engage in them, being hence closely intertwined both
with their selective and decisional processes (see Section 7.1; c.f., Einhorn & Hogard,
1981; Garofalo & Lester, 1985; Paris & Winograd, 1990; Schoenfeld, 1983). Pupils
also essentially guide their mathematics learning actions on their self-evaluations and
judgments of probable consequences of these actions, in this way reducing their
uncertainty and conflict in choice by processes of deliberate reasoning and evaluation of
evidence (Bandura, 1993; Einhorn & Hogard, 1981). Central aspects in these self-
judgments are represented by pupils´ personal or internal standards or beliefs for their
judgments and guidance for their own mathematics learning actions and intentions, as
well as e.g. by the their perceptions and environmental context at hand (c.f., Section 6.4;
Einhorn & Hogard, 1981). Ongoing behavior is continuously assessed and modified
according to evaluative standards of adequacy (Bandura, 1986). According to Schunk
(1989b), judgmental subprocesses refer to comparing present performance level with
one´s goals. These kinds of daily self-assessments were above connected closely with
the qualities, emergence, and interaction of pupils´ beliefs about the self, their beliefs
about mathematics, and beliefs about mathematics learning. That is, to pupils´ self-
related, task-related, and strategy-related metalevel beliefs or constructions.914 Pupils´
important or central single (more or less conscious) beliefs and belief systems with
respect to mathematics as such act as efficient directors of their mathematics learning
behaviors and intentions, most often as automatic or local and weakly conscious
regulators of their mathematical actions or behavioral patterns, activated in all or certain
mathematics learning settings.915 These regulators produce both the direct paths to pupils´
mathematics learning actions and intentions as well as the self-assessment basis,
reference values, and/or the standards for their judgments and evaluations in regard to
mathematics learning and for their own particular mathematics learning acts, filled with
affect (see Sections 6.1-6.4 and 7.3-7.4). This behavioral dynamics is suggested to take
place in a self-oriented feedback loop or system (see Section 7.1; Scheier & Carver,
1982; Zimmerman, 1990), in which judgments and evaluations of behaviors or states
would further result in various decisions on and choices of mathematics learning actions
asnd intentions. 

Monitoring activity directed toward own mental processes, learning behaviors, and/or
intentions it is also referred to by concepts like self-observation or checking, self-
reflection or assessment of behavioral information, and self-directed attention (Bandura,
1986; Harter, 1985; Scheier & Carver, 1982; Zimmerman, 1994; Zimmerman &
Martinez-Pons, 1986). This aspect is characterized as a complex metacognitive activity
involving directed attention and sophisticated reasoning processes, and directed e.g.
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912 C.f., Kluwe, 1987; Scheier & Carver, 1982.
913 C.f. Section 7.3; Bandura, 1986; Harter, 1985; McCombs, 1989; Paris & Winograd, 1990;
Zimmerman, 1989b.
914 See Section 7.3; Flavell, 1979; 1987; Garofalo & Lester, 1985; Paris & Winograd, 1990.
915 C.f., Iran-Nejad, 1990; Scheier & Carver, 1982.



toward the effectiveness of one´s own learning methods and strategies (Zimmerman,
1990). The quality of these internal actions is highly intertwined with the qualities of
pupils´ evaluative processes and self-judgments with their own behaviors against the
different reference values or mathematical beliefs, as well as the qualities of their other
self-regulatory decision-making, self-control, and self-regulatory constructions. In
consequence, efficient self-regulation is partly viewed to depend on the fidelity,
consistency, and temporal proximity of self-monitoring. It requires sustained focused
effort, is more likely to improve behavior in motivated pupils, and is most helpful when
it addresses the specific conditions under which the behaviors occur (Bandura, 1986;
Schunk, 1989b). Pupils will selectively monitor certain aspects of their ongoing
behaviors with less relevant behaviors becoming ignored (Bandura, 1986; Scheier &
Carver, 1982).916 A central assumption is that higher order self-monitoring and self-
regulation processes set into motion lower order (i.e., more automatic or dynamic) self-
regulation processes and a process of corrective changes (Bandura, 1986; Iran-Nejad,
1990), represented especially in the hierarchical model of self-regulation by Scheier &
Carver (1982).                   

In addition to significant mathematical beliefs and belief systems as involved in their self-
management (see Section 7.3; Berardi-Coletta et al., 1995; Paris & Winograd, 1990),
constructive self-regulatory activity or forethoughts can be viewed to refer to pupils´
activation or production of constructions, guidelines, action alternatives or behavioral
patterns,917 environmental circumstances, mental or affective self-states, or conditional
future self-states that will promote their mathematics learning processes. These highly
motivationally engaged self-regulatory aspects are most commonly studied as pupils´
expectancies for their own performances or achievements and success or failure, their
construction and sustenance of self-rewards or self-punishments, their construction of
various other affective self-incentives, and their constructions of mathematics learning
goals, strategies, or plans for their own mathematics learning or problem solving.918 More
specifically, these can be seen to relate to the activation or construction of and plans,
expectations, or criteria for one´s own various self-monitoring actions, self-control
patterns or behaviors, or self-regulation in general with mathematical learning (c.f.,,
Bandura, 1993; McCombs, 1989). Efficient self-monitoring, self-control, or self-
directive activity in itself will not be fulfilled without activated adequate plans and mental
patterns or self-directive constructions for the needed actions and personal power. Pupils´
self-directive constructions will thence essentially prescribe their significant appraisals,
behaviors, affective responses, as well as plans for action to deal with a mathematics
learning situation as construed, being either aware or unaware of these influence (c.f.,
Santostefano, 1986).    

Decisional self-regulatory processes can be viewed to deal with various kinds of pupils´
self-directive and self-determinative executive personal processes, through or by which
pupils give directions to and put into effect their mental constructions, patterns, plans,
strategies, and intentions for their own mathematics learning or performing.919 These
processes can be further divided e.g. into organizational, managerial, or executive
decisions (Kluwe, 1987; Zimmerman, 1990).920 Garofalo & Lester (1985) link
metacognitive decisions to orientation, organization, execution, and verification of
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916 Depending on, influenced or directed by their self-beliefs or beliefs about mathematics learning,
learning activities, and goals, together with their accompanied affective self-states with mathematics (see
the sections above; e.g., Bandura, 1986, p. 336; Carver & Scheier, 1988; Kanfer & Kanfer, 1991).
917 Or of metaphors; Santostefano, 1986. 
918 See Chapter 8 and Sections 7.3-7.4; e.g., Bandura, 1986; 1993; Markus & Wurf, 1987; McCombs,
1989; Paris & Winograd, 1990; Schunk, 1990; Zimmerman, 1989b.
919 According to Zimmerman (1989b, p. 329), metacognitive in general refers to decision-making
processes that regulate the selection and use of various forms of knowledge (see Section 7.1).
920 Guided by pupils´ beliefs, evaluations, and judgments of the self in mathematics learning situations,
that is, by their metacognitive judgments, knowledge, and beliefs, as well as e.g. by their long-term
mathematical goals (c.f., Flavell, 1987; Paris & Winograd, 1990; Zimmerman, 1989b).



behaviors (see Section 7.1) that need not be conscious in nature, but are directed also
toward constructive and self-regulatory activity in itself.921 The kind of decisions on self-
regulation can be joined with such aspects as pupils´ decisions directed toward the
construction or activation of different self-regulatory mental contents, with their decisions
to work with their own difficulties in mathematics, with their decisions to get help in a
problematic situation, with their decision to actively work with their own constructions of
or beliefs about their own mathematics learning goals, their future plans for mathematical
studies or with their already made choices or decisions on mathematics learning, or with
their decisions to activate, maintain, or intensify their own self-monitoring and self-
control actions or patterns in their mathematics learning processes or affective states and
with self-initiation of activities designed to promote their self-observation, self-
evaluation, and self-improvement with mathematics (c.f., Zimmerman, 1990;
Zimmerman & Martinez-Pons, 1986).922 All these decisions would generate information
about the mathematics learning activities, as well as the present self-state itself (c.f.,
Kluwe, 1987).

More commonly, decisions attached to self-regulatory activity can be viewed to refer to
all those self-determinative, self-administrative, and self-directive points of time or of
constantly ongoing mental processes, in which pupils start or alter a mathematics learning
or performance activity or change the intensity, direction, or maintenance of ongoing
mathematics learning or problem solving activities, as well as behavioral or affective
states. Decisions to maintain or continue a specific course of thinking or a specific
solving strategy while engaged in mathematical problem solving are examples of these
kinds of daily decisions on learning actions. Decisions directed toward one´s own
ongoing or future mathematics learning actions and intentions can be called mathematics
learning or performance decisions. They relate more to the notions made by Kluwe
(1987) of executive decisions that aim at such things as the transformation or
maintenance of one´s own cognitive activity and states, assumed to be at the core of
intelligent problem solving and to contribute to significant variations in thinking. These
decions are based, in part, on the availability of knowledge and beliefs about one´s own
mental activity, learning, and performing, and, as above, are also highly intertwined with
pupils´ various self-monitoring and self-control activities during their mathematics
learning or performance. Condition-action-connections would illustrate these kind of
performance decisions (c.f., Chi, 1987; Scheier & Carver, 1982), in which conditions
correspond to internal perceptions or beliefs about one´s states923 and actions to cognitive
operations directed at the course or functioning of personal learning or solving processes
(see Kluwe, 1987). By applying Kluwe´s (1987) notions, we may refer to these
mathematics learning or performance decisions as pupils´ “stored rules” for their
mathematics learning or performances in general.            

According to Paris & Winograd (1990), both metacognitive judgments and decision
making occur at critical junctures in classroom learning as initial acquisition, trouble-
shooting, and instruction delivered to others. Like the category of constructive self-
regulatory activity above, studied mathematics learning decisions are also most
commonly connected with pupils´ motivational dynamics and their personal power (or
will), manifested in and essentially influencing their mathematics learning processes (see
Chapter 8). Decisions to participate in mathematics lessons, to follow up ongoing
instruction, to pay attention to the teacher´s speech, or to activate others to do
mathematics are examples of these kinds of executive decisions with mathematics. Other
related significant decisions with mathematics learning or performances can be viewed to
relate to those mathematics learning situations where pupils are compelled to make
decisions or revisions on and/or activate particular kinds of mental constructions and
behavioral processes or strategies in order to activate or change their particular kinds of
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921 Referred to by Kluwe (1987) as self-regulatory decisions.
922 The involved decisional processes for selecting or altering general self-regulation strategies have been
described also by the terms of task analysis or planning (see Zimmerman, 1989b). 
923 E.g., duration of search or distance to goal.



mathematics learning or solving actions and to handle or cope with the situation on the
whole. With these blockages or problematic situations, filled with affect, pupils also
become engaged in essential and motivationally engaged decisions to either continue
(i.e., persist) or to give up their efforts, that is, a renewal of their mathematics learning or
performance efforts or a withdrawal from the mathematical situation. These occasions or
essential moments of self-regulation are by Scheier & Carver (1982) called a binary
decision within the feedback loop system or an expectancy judgment within the
expectancy-value theories of motivation (see Section 3.4.2 and Chapter 8).924

When we pay attention to aspects such as pupils´ decisions to take part in one
mathematics learning or solving activity or step and at the same time to abandon or reject
another, we come to the term usually referred to as pupils´ mathematical choices or
choice behaviors. The criterion of personal choice (or involved control) has been viewed
as essential to the exercise of active self-regulation (see also Chapter 8; e.g.,
Zimmerman, 1994). In general, choices on action alternatives highly overlap with the
features included above in pupils´ decisional processes or in their self-control activity in
self-regulation, often referred to also by the term selective processes (Bandura, 1986).
Kanfer & Kanfer (1991) label the products of goals and cognitive choice processes
intentions (see the text above), reflecting the role of these self-regulatory acts once again
as highly self-directive and motivational in nature. As with decisions, choices or selective
processes may also concern mathematics learning activities as such or self-regulatory
activity, e.g. in the form of a voluntary choice to actively and efficiently self-regulate (see
above; Zimmerman, 1990). Moreover, we may speak of attentional selective processes
that are more commonly classified under the category of self-control or action control
behaviors, in particular control of one´s own information-processing (see Section 7.3).
One basic case of personal choice filled with motivational dynamics or personal will
within mathematics learning processes relate to pupils´ choices of mathematics learning
instead of other competing activities. More specifically, we may point to pupils´ choices
of particular mathematical tasks or problems, mathematics learning or solving strategies,
of mathematics learning or performing goals, or of performance level, or of time spent on
studying mathematics or solving a particular mathematical problem. These kinds of
selective processea are most commonly studied in relation to the (gender) differences
found between pupils´ choices of mathematical courses, of mathematics classes, or of
mathematics-related careers, in particular.925

Paris & Winograd (1990) name three prototypical situations that give rise to pupils´
critical decision making or choices: 1) to choose to do task A or task B; 2) the choice of
expending effort or not; and 3) specific situations in which metacognitive choices are
made, such as the particular strategy choices or choices of memory strategies. All of
these are heavily guided by pupils´ beliefs, judgments, and perceptions of the self and of
mathematics learning or mathematics learning environment and situation, and are made
against personal goals, behavioral patterns, and affective self-states with mathematics.
Which behavioris chosen at any given point depends partly on the overall goal, partly on
what has already been done, and partly on what conditions are encountered along the
way (Scheier & Carver, 1982, p. 165). As referred to above, choices or selection
processes may also be directed toward mathematics learning environments (e.g.,
Bandura, 1993), like pupils´ choices of appropriate time, place, instructor, or
environment for studying mathematics or doing mathematical tasks, and their choices of
particular facilities (or no facilities; e.g., calculator, Internet) or material (books,
additional examples) for studying mathematics or solving mathematical problems. These
kinds of choices have very much to do with pupils´ overt self-control activities with their
mathematics learning contexts or environments (see the text below). Accordingly, by
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924 These may also involve conflicting decisions on actions due to prevalent conflicts between pupils´
intentions and emotional preferences, the resolving of which again requires active self-control processes
(see Section 7.4; Kuhl & Kraska, 1994).
925 Further joined with pupils´ personal mathematical beliefs and affective responses acting behind these
achievement behavioral patterns (see Chapter 8; Eccles et al., 1983; Fennema, 1989; Hackett & Betz,
1989; 1992; McLeod, 1992; Reyes, 1984).



personal choices pupils not only make apportionments of one among other possible
mathematical activities, intentions, or environments, but also come to essentially fasten
and hence control their mathematics learning or performance by these personal or unique
situational choices.

Various self-control behaviors926 directed toward individual learning processes and
actions represent the most often referred to and used features, notions, or strategies of
self-regulation, self-regulated learning, as well as of metacognition (see Section 7.1).
Kanfer & Kanfer (1991), for example, view self-regulation as the intrapersonal
processes by which individuals exercise control over the direction, persistence, and
intensity of thinking, affect, and behavior for the purpose of goal attainment. Boekaerts
(1995) refers to behavioral control mechanisms as skills that exert control over learning
processes, as well as over behavior in general. Rather consistently with the difference
made above between dynamic and active self-regulation (see Section 7.2; Iran-Nejad,
1990), Scheier & Carver (1982) make a distinction between program control and
principle control, the latter representing the use of general guiding principles and
influencing behavior by determining what kind of programs to engage in, and/or by
affecting choices that are made as a program is being executed. As in the volitional
analyses, we may also distinguish between decisional and post-decisional processes
involved in self-regulation processes. The former is suggested to represent pupils´
motivational aspects of learning,927 in which motivational processes mediate the formation
of these decisions and promote them, whereas the latter relates to volitional processes
mediating the enactment of their decisions and protecting them. (Corno, 1989, p. 114),
i.e., different action control behaviors and states by which pupils come to protect their
intentions to learn mathematics or to do mathematical tasks, and hence the extent to which
their intended learning actions become actually performed (c.f., Kuhl, 1985; 1987, p.
219).  

Even if these self-control actions are highly intertwined with pupils´ various self-
regulatory decisional and/or selective processes,928 we may call these protective acts
control or action control behaviors. According to Kuhl (1985) and Corno (1989), these
consist firstly of covert processes of self-control with control of cognition, emotion
control, and motivation control, to which Boekaerts (1995) adds sympton control and
Kuhl & Kraska (1994) the categories of intention control, the “freezing will” aspect, and
coping with failure. Emotion control was considered previously above.929 The aspects of
control of cognition, i.e. attention control, encoding control, and information-processing
control, were included in pupils´ self-control processes with their mathematical beliefs
and belief systems as such and behind their affective responses to mathematics (see
Sections 7.3 and 7.4; c.f., Corno, 1989; Kuhl 1985). For example, information-
processing control is viewed to refer to efficient information processing or efficiency in
making decisions, and the motivational power of the intent to learn would be optimized
by these information-processing control strategies. Furthermore, these may include such
aspects as electing time out from the task or avoid using strategies that would overtax the
information-processing system (Bandura, 1986), tuning out excess noise that would
relate to attention control, and selectively thinking about the aspects of task that facilitate
completion to encoding control (c.f., Corno, 1989). In turn, motivation control consists
of several subprocesses like incentive escalation,930 (positive) attributions, and self-
instruction or self-admistrated learning behaviors that all again may subsume several
other subprocesses like control of cognition (Corno, 1989).931
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926 Inlcuded, e.g., by social-cognitive theorists together with constructive, decisional, selective activity in
self-reactions (Bandura, 1986) or by Paris & Winograd (1990) in self-management. 
927 E.g., in the form of their decisions to learn or complete a task (see the text above).
928 See, e.g., Kluwe, 1987.
929 See Section 7.4; see also Bandura, 1993; Paris & Byrnes, 1989; Scheier & Carver, 1982.
930 Or, control of outcome expectancy and value.

931 That by Bandura (1986) are divided into tangible outcomes or self-evaluative reactions. 



Overt processes of self-control consist of various environmental control strategies
subdivided into the control of the task situation and control of others in the task setting
(see also Section 7.4; Corno, 1989), and are called by Boekaerts (1995) the category of
social control (see also Zimmerman, 1989b). These more easily observable control
strategies relate to efforts to control the self by controlling one´s environment,932 and are
viewed as more inclined to natural development in the environments of home and school
as well as to direct intervention (Kuhl, 1984). The former strategies are directed toward
control or changes made in the task itself or in the task setting, e.g. eliminating noise by
asking permisson to move away from noisy peers, arranging a quiet study area for
completing school work at home, arranging adequate light, or using a calculator.933 The
latter category involves strategies to control or make changes in other individuals who
support the task, i.e. teachers, peers, etc., e.g. by surrounding oneself with hardworking
peers, by hushing up a distracting peer, or by avoiding talking about past failures with
peers. These environment control strategies are in turn viewed to act as a support or
means for pupils´ control of concentration, affective responses, as well as behaviors
(c.f., Bandura, 1993; Corno, 1989, p. 120-121), that is, for their covert or internal self-
control activity. Broader constructs of environmental control are represented e.g. in
Markus & Wurf´s (1987) notions of self-control in interpersonal processes (in self-
system processes) involving social perception, social comparison, seeking out and
shaping interactions with others (c.f., Sections 4.4. and 6.4).                                                   

7.5.2 Qualitative Distinctions

In this section, we will summarize the various above examined features of self-regulatory
activity and state the essential qualitative distinctions in pupils´ regulation of their own
mathematical intentions and behaviors by illustrating two essentially opposite
frameworks for their self-regulatory processes, acts, and states with mathematics.
Categories of a positive case and a negative case of self-direction are presented that
represent a kind of theoretical limit or distance in a self-regulatory qualitative continuum
or functioning. This perspective is consistent with the basic disctinction made above
between active self-regulation and local or dynamic self-regulation (see Section 7.1), and
hence, represents a descriptive constrast between pupils´ positive, self-conscious, and
efficient regulation of their own mathematics learning intentions and behaviors and their
negative, weakly self-conscious, and inefficient self-regulatory mathematics learning
processes. Pupils´ daily self-regulation of their own mathematics learning intentions and
behaviors is always located somewhere on this continuum, with different qualitative
aspects or components included in it, to varying degrees. In terms of pupils´
mathematical self-system processes, we may refer to this qualitative and dynamic
difference as pupils´ open, productive (creative), or fully activated self-system processes
in contrast to their closed, preserving (repetitive), or defectively functioning self-system
processes in mathematics learning. Furthermore, we attach this distinction to the essential
qualitative variation perceived in pupils´ motivational processes or dynamics in
mathematics learning or in self-regulation, to be presented more closely in Chapter 8. The
role that pupils´ (habitual) mathematical beliefs or self-belief systems (or their habitual
self-systems) and various contextual or situational external constraints play in these self-
system processes, or the roles or influence that their affective responses to mathematics
have within these processes are viewed here to make the essential functional or dynamic
difference between pupils´ active self-direction of their own mathematics learning actions
and their inefficient self-regulatory mathematics learning processes (see also Sections 7.3
and 7.4).    

We join these two features of self-regulatory processes closely with the variation in
pupils´ self-regulatory states or self-experience states with mathematics. Furthermore,
these states are viewed to be determined significantly by the quality of pupils´ self-
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932 Corno, 1989, p. 119; c.f. also Bandura, 1986; 1993; Zimmerman, 1989b.
933 C.f. also Zimmerman, 1989, p. 330.



awareness states and/or of their functional self-states or effectiveness and personal
agency or power with respect to mathematics (see Sections 7.2). They have an important
impact on how pupils will interact with or adapt themselves and their personal processes
to school mathematics, mathematics learning situations or contexts, or to socio-culturally
determined mathematics learning environments, and, more importantly, to what extent
they are able to, equipped with, and develop efficient self-regulatory behaviors with
mathematics. We view highly positive self-experience states to relate to high self-
awareness states, good self-knowledge, self-reflective understanding of mathematics, as
well as of the nature and demands of mathematics, of mathematics learning, or of
mathematics learning situations, and in particular of themselves with mathematics (see
Section 7.3.). Adequate, flexible, diversified, and/or mainly positive self-regulatory
mathematical beliefs and belief systems with increased self-knowledge, increase in self-
control and agency perceptions with promotive affective self-states in mathematics
learning will highly strengthen pupils´ possibilities for experiencing these positive and
self-supporting functional states, characteristic of efficient use and direction of personal
mathematical resources, engagement with mathematics, and/or personal commitment to
mathematics learning.934 At this highly self-aware and active self-state, pupils´ self-
regulatory activity can be viewed to operate most influentially and effectively, and
basically on their unique, creative, and situational terms or by their global or open self-
system processes.935 Accordingly, these positive self-states represent both an efficient
form of mental state and self-regulation, but also a means for being constantly and more
globally aware of their own beliefs, mental functioning, as well as the different aspects of
mathematics learning and performance situations (c.f., Section 7.3). The basic axiom of
agency is that a strong belief in one´s ability to use specific actions effectively enhances
succesful performance (Bandura, 1986; Paris & Byrnes, 1989). 

Rather opposite aspects are represented in the strong negative case of pupils´ self-
experience and self-directive states with mathematics. Weak self-knowledge, negative
mathematical beliefs and belief systems, particularly self-beliefs, poor knowledge of
mathematics, and weak self-reflections and understanding of mathematics learning
situations or contexts create self-states that offer weak guides for efficient direction and
regulation of personal mathematical behaviors and intentions. Pupils then lack highly
self-aware states and only from time to time self-consciously reflect on their own
mathematical beliefs, features, processes, or affective states. Moreover, the involved
domination of negative and/or weakly self-conscious self-states with often negative,
highly intense, and hindering affective responses to mathematics prevent pupils from
higher order metalevel processes and active regulation of their own mathematics learning
processes (see Sections 5.3.3 and 7.4.1). The related dysfunctional self-systems and
self-preventive or paralysed self-functional states offer few alternatives or guidelines to
actively construct, regulate, or control one´s own mathematical intentions and
behaviours. Poor self-control or agency beliefs with respect to mathematics, together
with lack of higher states of self-awareness, will activate only habitual, weakly
conscious, and often highly restrictive behavioral patterns in mathematics learning
situations that often turn out to be highly inappropriate or preventive in nature, and
directed by pupils´ activated inadequate and/or negative single mathematical beliefs,
together with involved highly intense affective states or environmental aspects of
mathematics learning situations (see Section 7.3.3). In this case, their own actions,
affective states, and performance outcomes with mathematics are experienced by pupils
more as routine, temporary, or unavoidable occurrences to be only weakly controlled and
more restricted by their fixed personal mathematical abilities and/or by the situational and
contextual external features of school mathematics learning.936 Lack of experiences and
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934 See also Section 7.4.2 and Chapter 8; e.g., Bandura, 1986; 1993; Flavell, 1987; McCombs, 1989;
McCombs & Marzano, 1990; Paris & Winograd, 1990; Schunk, 1990; Zimmerman, 1990; Zimmerman
et al., 1992.
935 Instead of the powerful influence of particular beliefs, external factors and control based on socio-
cultural or contextual features or behavioral models with school mathematics learning.
936 C.f., Bandura, 1986; McCombs & Marzano, 1990; Zimmerman, 1989b.



development of one´s personal agency and power over mathematics or school
mathematics learning situations accompany these actions.

The qualities and role of affective responses to mathematics differentiate not only
between pupils´ positive and negative affective self-states, but also and especially
between the positive and negative case of their self-regulatory states with mathematics
learning. It is the self-related affective responses and states or self-affects that regulate
pupils´ behavior through their self-regulatory processes, in particular through their higher
order self-regulatory activity (see Section 7.4; Harter, 1985; McCombs, 1989). The role
of these responses or states is central, specially in difficult or unusual mathematics
learning situations, in which the qualities or efficiency of pupils´ self-regulatory activity,
skills, and strategies also become dominant (see Section 7.1). We viewed these states
further essentially enhanced or weakened by pupils´ degrees of confidence, self-efficacy,
or beliefs in personal agency and control with their own mathematics learning or affective
experiences (see Sections 6.2-6.3 and 7.4). The basic discriminating line in self-
regulatory activity was previously viewed to go between pupils´ mainly positive and
promoting and their mainly negative and hindrance affective self-states. The latter kind of
hindrance self-states are intertwined with serious deficiencies in pupils´ means as well as
capacity to actively direct, control, and regulate their own affective responses or
mathematical intentions and behaviors, i.e. in their experiences and practice of personal
agency and power.937 These features can further be connected with the activation and
dominance of mechanistic, instinctive, stiff, and/or habitual behavioral patterns with
mathematics that frequently turn out to be highly inappropriate, fruitless, and self-
defending in nature, and closer to the dynamic self-regulation and/or more externally
reinforced and directed behaviors, in which case, the role and impacts of habitual
mathematical beliefs and affective responses have become dominant in pupils´ regulation
of their own mathematics learning intentions and behaviors. As frequently experienced,
these negative affective self-states become stabilized in pupils´ self-regulatory patterns
and processes with mathematics, shaping these into a direction that constantly and
permanently comes to hinder their higher order metalevel functioning or the development
of efficient regulation of their own mathematics learning processes,938 and result in their
longer-term mathematical intentions and behaviors that are mostly negative or self-
diminishing in nature, i.e., in their closed, self-preventive, and/or self-diminishing self-
system processes with mathematics. These kind of self-systems may be very difficult to
assess or control by pupils or to be changed afterwards through interventions, even if
they would be advised to do so.  

On the other hand, the positive case of self-states or self-regulatory states and affect has
much to do with efficiency in pupils´ regulation of their own affective responses and
states with mathematics, in contrast to the negative case (see Section 7.4.2). In this
positive case, pupils´ self-regulation of their own mathematical behaviors and intentions
are simply, significantly, and indelibly enhanced by the promotive self-states as such,
filled with the emergence and influence of mainly positive affective responses that can be
characterized as highly efficient states of personal functioning intertwined with high self-
awareness, adequate self-knowledge, and experiences of high personal power or agency
with respect to their own affective responses, as well as learning or performing with
mathematics (c.f., Sections 5.2.2, 6.2-6.3, 7.3.2, and 7.4). Moreover, a significant
change in the role of affective responses toward mathematics is included. Pupils´
regulation of their own mathematics learning processes will proceed without highly
intense affective responses, without inhibition of their mathematics learning processes
due to affect, and without self-coping patterns, but with self-states of the emergence,
experience, and further enhancement of their pure individual, personal, and flexible self-
regulatory behaviors and self-assertion with mathematics. These aspects further come to
strengthen their possibilities and capabilities to sense and practice their own personal
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937 See Section 7.4.1 and Chapter 8; e.g., Bandura, 1993; Carver & Scheier, 1988; McCombs &
Marzano, 1990; Zimmerman, 1989b.
938 That is, the development and appearance of promotive self-directive and regulatory constructions,
decisions, choices, and efficient self-control behaviors with mathematics.



agency and power more widely in mathematics learning situations. In this case, aroused
and experienced highly intense and often negative affective responses to mathematics will
lose their influencing power in pupils´ self-regulatory processes. These become
disregarded by pupils and subdued by pupils´ beliefs in and experiences of their own
personal agency and/or further transformed into self-promoting affective states or
efficient aspects of their personal mathematics learning processes. Both the causes or
sources of their negative affective responses and the responses represent something that
becomes controlled, revised, or overcome by these promotive and higher order self-
regulatory processes and self-states (see Section 7.4.2). These kinds of positively toned
and highly functional self-states are here suggested to constitute both the operational and
the developmental basis or core for pupils´ active direction and regulation of their own
mathematics learning actions and intentions.939

Functional Qualitative Divergences

As referred to above, the various suggested aspects or components of self-regulation
processes are viewed to be highly intertwined with and to depend on each other.
Accordingly, the functional deficiencies or efficiency in any of these components tend to
imply similar kinds of effects on other aspects. In the chapters and sections above (see
Chapter 6 and Section 7.3; see also Section 8.5), we extended this reciprocal dynamics to
also concern the qualitative variation in and interactions between pupils´ self-belief
systems or mathematical belief systems, their affective self-states with mathematics, and
their regulation of their own mathematical intentions and behaviors. Hence, poor or
inadequate self-belief systems in mathematics are inevitably intertwined with more
negative kinds of self-experiences states with mathematics and also with increased
deficiencies in self-regulatory processes in mathematics learning. On the other hand,
these kinds of effects and the developmental line in the interactions go in opposite
directions, that is, decreases (or increases) in the functioning of self-regulatory processes
cause qualitative deterioration (or improvement) in pupils´ self-directive mathematical
belief systems or self-systems and self-experience states. We may contrast even more
deeply the negative case of regulation of one´s own mathematics learning behaviors and
intentions with the positive case, by looking at the operational level or functional
qualitative divergence through the different components of pupils´ self-regulatory
metalevel processes considered above.           

The negative case of inefficient self-regulation of individuals´ mathematics learning
intentions and behaviors can be illustrated in one way as reflected in pupils´ negative or
distorted self-appraisals or self-judgments and negative or inadequate judgments of
mathematical tasks or of mathematics learning situations, due to their negative and/or
inadequate, poorly structured, faulty, and preventive self-systems or mathematical beliefs
and belief systems, concerning in particular their self-belief systems with respect to
mathematics (see Section 7.3.2). The impact of some single or clusters of personal
beliefs on these judgments is central and direct. Thus, no serious examination or
reconsideration of personal interpretations and assessments will take place, and the
effects of these remain unreflected on or unadjusted by pupils. The additional poor or
negative quality of the central mathematical beliefs, together with the distorted or negative
perceptions of external features and essentially involved, mainly negative, affective self-
states with mathematics, dominate these judgments. Furthermore, negative self-control or
agency beliefs and lack of sense of efficacy or personal power with respect to
mathematics characteristically accompany the latter. These qualitative aspects are closely
connected with pupils´ inappropriate and/or negative expectancies for their own
mathematical performances and outcomes, as well as maladaptive attributional patterns
with mathematical performances, but also with the development of inadequate or
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939 They directly proceed and are discerned e.g. in pupils´ positive anticipation of their mathematical
behaviors and intentions (i.e., forethoughts), in their alert, active, and adequate self-reflection and
monitoring of their own mathematics learning behaviors and intentions, and increased self-control over
their own mathematical behaviors and intentions.  



debilitative goals and strategies for self-defense or with poor understanding, application,
and development of or lack of other kinds of promotive self-directive constructions like
appropriate personal mathematics learning or performance goals, successive goal
construction, or strategic planning of their own mathematical or self-regulatory
behaviors.940 These features of self-system processes, together with often involved weak
self-knowledge in regard to mathematics learning or low self-awareness, accompany
disturbing, debilitative, or inefficient self-monitoring activity that is filled with interfering
cognitions or assessments (e.g., failure scenarios) with mental disengagement or
behavioral withdrawal and/or helpless behaviors with mathematics and with negative and
highly intense affectively toned self-states. Interference of additional self-regulatory or
self-control acts with ongoing and future mathematics learning behaviors and intention
will result.941

The additionally significant role of central mathematical beliefs, particularly of self-
beliefs, as well as of affective self-states in pupils´ self-reflective or self-directive
constructions implies further prevention, inflexibility, and/or inefficiency in their self-
regulatory acts. Maybe the most serious inefficiency relates to pupils´ decisional self-
regulation processes or choice activity. These appear in the form of pupils´ general lack
of self-conscious decisions behind their self-regulatory actions; in the form of their
habitual, instinctive, indistinct or weakly constructed, and weakly self-aware decisions
about their mathematical behaviors and intentions or self-states; and/or in the form of
self-preventive or self-diminishing decisions and choices with mathematics, mathematical
tasks, or mathematical situations. Furthermore, debilitative self-focus with powerful
negative affective self-experience states with mathematics will distort or draw pupils´
attentional capacity, as well as decisions on actions from mathematics learning or
performing processes, toward various defensive, compensatory, or coping behaviors and
intentions. In this way, these close or self-hindering self-system processes sustain the
well-being mode and prevent pupils from effortful mathematics learning and goal-
directed action alternatives or decisions.942 Pupils can be viewed to “let” their
consciousness and self-regulation processes be occupied with and limited to immediately
aroused habitual, routine, and stereotypical or externally controlled behavioral patterns
(e.g., avoidances) as well as beliefs and affective responses with mathematics.943

Inefficient regulation of one´s own intentions and behaviors is thence very much
intertwined with pupils´ inadequate or inefficient self-control activity or with their overall
inability to actively self-control their own cognitions, behaviors, personal processes, or
affective states with mathematics (c.f., Borkowski & Thorpe, 1994; Kuhl, 1987; Kuhl &
Kraska, 1994). This is again due to pupils´ general negative or lack of self-control or
agency beliefs with respect to mathematics and to the lack of experiences of personal
agency and power in learning or doing mathematics. Their general deficiencies or
frequent failures in succesful or efficient accomplishments of their own mathematics
learning intentions and ongoing mathematical performances or solving actions can be
further connected with these self-system processes. The often related helpless behavioral
patterns with inefficient self-control activity imply self-regulation and performance
deficits even if pupils have high motivation (Bandura, 1993; Borkowski et al., 1990;
Kuhl, 1987; Kuhl & Kraska, 1994; Nicholls, 1983). Efficient and adequate self-control
of internal processes and states, as well as external aspects of mathematics learning, can
be viewed to constitute the necessary, but not sufficient condition of efficient regulation
of their own mathematics learning processes.                                          

Pupils with a positive case of efficient self-regulation are most commonly within recent
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940 See Sections 6.3, 7.3.3, and Chapter 8; c.f., Boekaerts, 1988; Borkowski et al., 1990; Dweck, 1986;
Eccles et al., 1983; McCombs, 1989; Paris & Newman, 1990; Weiner, 1986; Zimmerman, 1994.
941 See Sections 7.3.2 and 7.4.1; c.f., Boekaerts, 1988; Carver & Scheier, 1988; Kuhl, 1987; McCombs,
1989.
942 See Sections 7.3.2 and 7.4.1; Boekaerts, 1995; Kuhl, 1987; Paris & Newman, 1990.
943 See also Section 6.4 and 8.4; c.f., Boekaerts, 1988; Kuhl & Kraska, 1994; McCombs & Marzano,
1990; Zimmerman, 1989b.



educational research called self-regulated learners.944 We attach these kinds of pupils and
self-system processes or self-regulation processes to positive self-experience states with
good self-knowledge as well as general knowledge and skills with respect to mathematics
and mathematics learning, together with frequent experience of higher states of self-
awareness and personal agency in mathematics learning situations. These aspects are
reflected first of all in adequate, situation-specific, flexible, efficient, systematic, and/or
promotive appraisals or judgments of the self with mathematics, of mathematical tasks,
and of various aspects of mathematics learning situations or contexts (see Chapter 6 and
Sections 7.2, 7.3.2, and 7.4.2). Zimmerman (1989b, p. 334) gives two common ways
to efficiently self-evaluate behaviorally in performances: checking procedures945 and
rating one´s own answers in relation to those of another person or an answer sheet.
Positive self-beliefs, self-confidence, and self-efficacy perceptions or appraisals with
respect to mathematics, together with high self- and effort attributions for mathematical
performances or achievements relate directly to other efficient self-regulatory activity,
such as the use of self-motivators or self-regulatory learning strategies.946 Promotive,
adequate, and explicit judgments of mathematics and mathematics learning situations are
also significantly enhanced by pupils´ positive and adequate beliefs about mathematics,
mathematical tasks, or mathematics learning. For example, self-regulated learners have
explicit constructions of the past, present, as well as future aspects of their mathematics
learning and of themselves as mathematcs learners. They understand the impacts of
mathematics learning environment on their personal processes and ways to improve
these, and are aware of the strategic relations between their regulation activity or
mathematics learning processes and their mathematical outcomes (c.f., Flavell, 1987;
Markus & Wurf, 1987; Zimmerman, 1989b; 1990). Moreover, pupils´ judgments are not
dominated merely by their single central or deep personal mathematical belief
constructions or beliefs systems, nor by their more or less intense accompanied (positive
or negative) affective responses and self-states with mathematics, but instead are
accompanied by the kind of positive or promotive self-states or self-regulatory states that
will enhance the other forms of regulation processes with their own mathematical
intentions and behaviors, i.e. constructive, decisional, selective, and control activities.   

The kinds of promotive judgments described above can hence directly be connected with
positive, promotive, and more efficient forms of constructive self-directive activity.
Adequacy and flexibility in self-judgments imply more appropriate or promotive self-
directive constructions, e.g. in the form of self-set goals and adequate, higher, proximal,
or intermediate mathematics learning goals,947 but are also reflected in pupils´ positive
and/or adequate expectancies of or constructed self-states with their own mathematical
future performances, outcomes, and achievements (e.g., expectancy of successes; c.f.,
Bandura, 1993; Borkowski et al., 1990; Meece et al., 1990; Pintrich & DeGroot, 1990).
Self-regulated learners actively arouse and use self-motivators, as well as positive
expectancies in the form of positive affective self-incentives, self-rewards, or self-
sanctions (Bandura, 1993; Rohrkemper, 1989, Zimmerman, 1990), and efficiently and
systematically planned or constructed strategic approaches in learning, doing, and
performing.948 Ideally, self-regulation processes enable persons to modify their goals and
performance strategies in concert with task demands (Kanfer & Kanfer, 1991). Efficient
self-directive acts with personal mathematical behaviors and intentions also appear for
example as pupils´ good understanding of the role and effects of their self-regulatory or
self-motivational constructions with respect to mathematics learning, and in their active
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944 Bandura, 1993; Corno, 1989; McCombs, 1989; McCombs & Marzano, 1990; Paris & Byrnes, 1989;
Schunk, 1989b; Zimmerman, 1990; 1994.
945 E.g., re-examining one´s own answers to mathematics problems.
946 See Section 7.3 and Chapter 8; Bandura, 1986; 1993; Borkowski et al., 1990; Brown & Pressley,
1994; Malmivuori, 1996b; 1998; McCombs, 1989; Pintrich & DeGroot, 1990; Rohrkemper, 1989;
Zimmerman, 1990; Zimmerman et al., 1992.
947 See Chapter 8; e.g., Boekaerts, 1988; McCombs & Marzano, 1990; Paris & Byrnes, 1989; Paris &
Winograd, 1990; Schunk, 1989b; 1990b; Zimmerman, 1990; Zimmerman et al., 1992.
948 Bandura, 1993; Brown, 1987; Flavell, 1987; Paris & Winograd, 1990; Zimmerman, 1989b; 1994.



and adequate construction, as well as continuous reflection or adjustment of their own
mathematics learning or performance goals,  expectancies, and outcomes. Self-regulated
learners are also seen to actively create, structure, and organize their study area or
environments in order to optimize learning (Bandura, 1993; Zimmerman & Martinez-
Pons, 1986; 1988). 

High self-knowledge with respect to mathematics and mathematics learning with high
self-awareness states will inevitably be intertwined with efficient, more frequent, more
adequate, and/or strategic self-monitoring activity with personal mathematics learning
processes, further directed by pupils´ personal, appropriate, and self-conscious
mathematical goals and by their positively tinged self-incentives and expectancies with
mathematics, with a lack of interference of self-concern or related debilitative affective
self-states with mathematics. Efficient self-monitoring949 is connected with action
orientation, monitoring of progress, monitoring with adequacy, and systematic self-
observation of one´s own performance or actions and processes. Instead of focus on
state-related information and unimportant or irrelevant aspects of mathematics learning
situations, behaviors or outcomes, efficient monitoring is directed towards action
alternatives, enhancement of progress with one´s own learning processes, and effective
aspects of one´s own behaviors.950 The focus, then, is on pupils´ higher order personal
processes and voluntary aspects of their mathematics learning behaviors, not on lower
order or automatic processes. Monitoring or self-reflection as a self-regulatory strategy is
characterized as a metacontrol over one´s own thought processes, but also as behavioral
influences like verbal or written reporting or quantitative recording of one´s actions and
reaction (Kuhl & Kraska, 1994; Bandura, 1986; Schunk, 1989b; Zimmerman, 1989b).   

Flexibility of mathematical self-systems or belief systems, together with promotive self-
experience states and high personal agency, are also more prone to efficient, adequate,
and skillful self-regulatory decisional or selective processes. Pupils´ decisions and
choices with mathematical activities can then be described as highly self-conscious,
independent or individualized, adequate, fluent, situation-specific, flexible, and efficient
in nature.951 In this positive case, pupils deeply understand the role and impacts of their
personally constructed decisions or choices for their own mathematics learning behaviors
and intentions, and will apply them fluently, consciously, and adequately. Use of their
own personal resources, agency, and power in the form of these self-regulatory
processes have a basis in pupils´ highly self-conscious, objective, adequate, self-
adjusted, and self-verified personal knowledge and beliefs, but also in their unique and
situation-specific processings, monitoring, and assessments with the environmental and
situational aspects of mathematics learning. Pupils recognize and apply their personal
choice to and responsibility in selectively using and making decisions on their personal
mental as well as behavioral knowledge, skills, resources, and processes952 in
mathematics learning or performances (c.f., Bandura, 1993; Hiemstra, 1994; Kluwe,
1987; Kuhl & Kraska, 1994; McCombs, 1991; McCombs & Marzano, 1990; Shapiro,
1987; Zimmerman, 1994). The effects of these become mediated, filtered, and controlled
by pupils´ personal agency, highly self-conscious self-admistrative strategies, and
efficient and critical decision-making (c.f., Deci, 1987b; Hiemstra, 1994; McCombs &
Marzano, 1990). Furthermore, we may view the decisions behind pupils´ self-regulatory
activity in itself as more consciously constructed and applied by them.953 Pupils then not
only actively direct their mathematics learning behaviors and intentions, but also will take
a self-conscious initiative and responsibility in doing so.    
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949 In contrast to debilitative self-focus; see Sections 7.3.2 and 7.4.1.
950 C.f., Sections 7.3.2, 7.4.2, and 7.5.1; e.g., Kuhl, 1987; Schunk, 1989b; Zimmerman, 1989b.
951 C.f. also Hiemstra, 1994; Kluwe, 1987.
952 I.e., mathematical knowledge, beliefs, affective responses, behavioral patterns or mathematical self-
systems.
953 E.g., decisions on whether or not and when or how to monitor, control, and regulate their own actions
and mental states (see Section 7.5.1; c.f., Garofalo, 1989; Lester et al., 1989; McCombs & Marzano,
1990; Pintrich & DeGroot, 1990; Schoenfeld, 1983; Zimmerman, 1990).



All the above considered positive aspects of self-regulation or self-system processes
further relate closely to the the positive or efficient case of pupils´ self-control activity
with their own mathematics learning behaviors and intentions. The characteristically
involved self-control behaviors with one´s own intentions and actions with mathematics
refer to continuous, self-conscious, and strategic control, taking over one´s own covert
processes and states,954 as well as overt processes with mathematics learning
environments, contexts, and tasks. This occurs in order to attain personal goals and/or in
order to protect one´s own intentions (see Section 7.5.1; e.g., Corno, 1989; Kanfer &
Kanfer, 1991; Kuhl, 1987; Zimmerman, 1989b). We consider pupils´ efficient control in
taking over their own affective responses and self-states with mathematics as highly
central is this positive case of self-control activity (see Section 7.4.2 and the text above).
Accordingly, pupils efficiently control their personal internal processes and states with
mathematics, as well as the external features of mathematics learning, either directly or by
controlling their affective responses with these processes or to the external features (c.f.,
Hiemstra, 1994). As a result, self-control activity in the positive case is embellished by
pupils´ understanding of their self-control activity in mathematics learning situations as
an essential feature of their own efficient self-regulation, personal processes, and practice
of their own personal agency with respect to mathematics and its learning. Thereby,
pupils´ promotive self-directive and future oriented efficient self-regulatory
constructions, actions, and states, together with high involved flexibility and creativity,
are importantly intertwined with these kinds of efficient self-control behaviors. Results
from this appear in pupils´ active use and maintenance of various self-control and self-
regulatory learning strategies with respect to their own mathematics learning behaviors,
intentions, affective responses, and motivation, e.g. in the form of active self-reflection,
self-instruction, self-reinforcement, selective activation of needed knowledge, sets, and
processes, active inhibition of irrelevant processes, actions, and states, or seeking social
or other kind of assistance when needed.955

Finally, instead of merely pointing to the personal qualities or development of particular
kinds of metacognitive skills or abilities with respect to mathematics learning and
performing,956 we stress here instead the enhancement of pupils´ internal and external
possibilities for practicing active self-direction and self-regulation in school mathematics
learning situations. The frequency or possibility of the kind of highly efficient self-states
and regulation with mathematics suggested above comes to determine to what extent
pupils´ have the opportunity to fasten higher order metalevel and self-regulatory
processes with a high sense and practice of personal agency, of personal responsibility,
of autonomity or independence, and of intentionality into their personal self-system
processes, mathematics learning processes, and self-experiences with mathematics.957 In
the section below, we present our concluding prespective to the aspects and qualitative
difference in pupils´ self-regulatory or higher order self-system processes interwined
with their personal mathematics learning or performances and affective experiences with
mathematics. This perspective, as well as the complex dynamic illustrations or interplays
presented in this chapter, are designed to reveal the essential role of self-regulatory
processes in pupils´ self-system processes with their personal and unique situational
mathematics learning and affective experiences.      
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954 I.e., mental, affective, and prebehavioral processes or self-system processes. 
955 C.f., Kuhl & Kraska, 1994; McCombs, 1989; Newman, 1990; 1994; Rohrkemper, 1989;
Zimmerman & Martinez-Pons, 1988; Zimmerman, 1989b.
956 As is commonly done, e.g., by mathematics education researchers. 
957 C.f. also Paris & Byrnes, 1989; Zimmerman, 1990.



7.6 The Dynamic Power of Self-Regulated Mathematics
Learning

In this chapter, we examined and illustrated the interplay of affect and cognition within
pupils´ self-regulatory personal mathematics learning processes. We applied the recent
basic theoretical viewpoints attached to the concepts of metacognition, self-regulation,
and self-regulated learning, in research on general as well as mathematics education.
Within this theoretical frame of reference, we examined in detail the dynamic interplay of
pupils´ self-systems or their mathematical beliefs and belief systems, affective responses,
and behavioral patterns or activities in mathematics learning or performance situations.
Essential differences were made between the positive and negative cases or efficient and
inefficient self-regulation processes, with respect to the qualities of pupils´ mathematical
beliefs and belief systems, affective self-experience states, and mathematics learning
actions or intentions (or personal mathematics learning processes). Special observations
and developments were presented in connections with the qualities of self-beliefs or self-
belief systems and self-appraisals that were enhanced core aspects of pupils´ self-
regulation processes in mathematics learning. In all, self-regulation processes were
defined as core self-system processes, in which a basic qualitative distinction was further
made between higher order, open, or fully functioning self-system processes and closed,
lower order, or defectively functioning self-system processes in personal learning
processes and experiences. This essential difference related, in particular, to the
functional qualitative distinction suggested here to proceed and be manifested, on one
hand, as higher order, reflectively self-aware, and efficient or active self-regulation
accompanied by high personal agency and, on the other hand, as more dynamic,
habitual, and less self-concious self-regulation with weaker personal agency and
significant (negative) affect included. More specifically, this functional variation was
attached to the difference between highly promotive self-states and weakly self-aware
self-states, accompanied by highly intense affective responses or self-affects to
mathematics, as well as a low level of self-control taking them over. 

The aim of this chapter, however, was not only to apply recent understanding of
metacognition, self-regulation, and self-regulated learning to mathematics learning
situations and personal processes, but also to achieve a greater consistency between the
various standpoints to the underlying phenomena with these concepts. Thereby, dynamic
examinations and interplays were preferred under the concepts and considerations of
continuous metalevel and self-regulatory processes with variation in self-states. This
perspective supported our more general emphasis on the dynamic consideration of
pupils´ affect and cognition in real school mathematics learning situations, as well as our
dynamic understanding of self-concept or central self-phenomena, self-processes, and/or
self-system processes behind this interplay of affect and cognition. Moreover, our
detailed consideration of affect, beliefs, and self-regulatory activity in mathematics
learning aimed at a disclosure of individual and situational variation in this dynamic
interplay. In general, this chapter was designed to reveal in detail the central role of self,
self-appraisals, and self-affects or dynamic self-states in personal mathematics learning
processes. Vast amounts of research results of mathematics education support the close
and positive link between pupils´ self-perceptions and highly influential affect, as well as
important self-regulatory behaviors or patterns. We joined these connections and related
research on mathematics education with a larger theoretical framework, consisting
especially of the development and application of the recent general notions of self-
regulation processes. Concepts taken from mathematics education and/or general
education research were combined with these detailed and complex examinations that
revealed the reasons behind the common and widely obtained results of the significant
interplay between self-perceptions, affect, and optional mathematics learning behaviors. 

The complex dynamic theoretical considerations of self-regulatory processes was also
designed to strengthen the idea of the central role of affect and affective self-states in
these self-regulatory or metalevel processes, and hence also in pupils´ personal and
situational mental and mathematics learning or problem solving processes, as considered
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in Chapters 5 and 6. This complex procedural consideration of self-regulation and
mathematics learning processes and experiences will be joined more closely, in Chapter
8, with the aspects of pupils´ self-motivation and experienced personal agency or power.
In particular, this will be viewed with respect to mathematics and its learning, as well as
with some significant contextual or socio-cultural environmental features of school
mathematics learning, influencing personal and situational self-regulatory dynamics. In
consequence, we will present the dynamic core for self-regulated mathematics learning
and join that core, as well as the dynamics considered in this chapter, with the learning
models and/or research results of mathematics education dealing with the related interplay
between pupils´ self-confidence, self-efficacy, or self-attributions and their self-
regulatory and/or mathematics learning actions, achievements, and outcomes.                                      

We may conclude that the way to truly promotive affective experiences with mathematics
as well as truly optional mathematics learning behaviors comes only through pupils´
higher order self-reflective and self-regulatory processes, by which they create the kind
of personal conditions within which they can actively act on their mathematical beliefs,
affective responses, and intentions or behaviors.958 In these higher order self-system
processes, their mathematical skill and will become interwoven and applied under their
true personal agency or self-guided functioning. The more frequently pupils go through
these self-fulfilling mathematics learning experiences and processes, the more they get
involved in experiences of unconditional self-esteem or positive self-worth, of self-
confidence, of self-enhancement, of high self-efficacy or sense of control, as well as of
personal commitment with mathematical goals and autonomity or self-determination with
mathematics.959 That is, the most central personal as well as dynamic or motivational
scene for mathematics learning is represented likewise by these higher order, promotive,
and self-fulfilling self-regulatory states, experiences, and processes with mathematics.
These points of view are described in Figure 7.3.   
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958 See also, e.g., Borkowski et al., 1990; Paris & Byrnes, 1989; Zimmerman et al., 1992.
959 See Chapter 8; c.f., Bandura, 1986; 1993; Borkowski et al., 1990; Flavell, 1987; Kanfer & Kanfer,
1991; McCombs & Marzano, 1990; Mills, 1991; Oosterwegel & Oppenheimer, 1993; Paris & Byrnes,
1989; Paris & Winograd, 1990; Schunk, 1989b; Zimmerman, 1989b; 1990; Zimmerman & Martinez-
Pons, 1986; 1990.





Figure 7.3 above describes the functioning of pupils´ self-regulatory and self-system
processes in their affectively tinged mathematics learning situations and experiences, that
is, the aspects, role, and functioning of their personal mental constructions, states, and
processes within a particular mathematics learning context and situation, and against the
degree of their self-awareness states or the emergence of their personal agency with
respect to mathematics learning and school performances. The figure is developed from
the ideas presented above on the dynamics of affect and cognition within the self-
regulatory framework in mathematics learning and the core self-experience states
dominating these dynamics.960

Construction of a personal affectively tinged experience and behaviors within a particular
mathematics learning context or environment proceeds through ongoing mental
processes, state of consciousness, or affective self-state in that situation. This
construction is influenced by socio-cultural or contextual environmental aspects, but
importantly determined by pupils´ pre-evoked or processed self-systems or mathematical
beliefs and belief systems, related affective arousals or responses, ongoing or pre-
behavioral self-regulatory and action patterns or processes, and by the degree of their
self-awareness.961 Through the operation and contents of their mind, pupils come to
perceive the environmental aspects, effects, and occurrences in a mathematics learning
situation, but also to perceive, asppraise, and judge themselves in that situation.962 With
first order self-regulatory processes with low degrees of self-awareness or under
unreflective self-awareness states, this leads to pupils´ automatic arousal of these pre-
evoked or habitual beliefs, together with other related beliefs or structures and habitual
affective responses and/or behavioral patterns that fulfill or embellish their common self-
experience states in that situation with mathematics. These self-processes and states are
more engaged in the activation, operation, and influence of their closed and unflexible
self-systems or defectively functioning self-system processes with mathematics, while
being importantly intertwined with their often highly intense negative affective
experiences and habitual or preventive mathematics learning behaviors and inefficient
self-regulatory processes in these situations. In these cases, it is the qualities of pupils´
habitual beliefs, affective responses, and behavioral patterns (or habitual self-systems)
with mathematics that constitute the essential functional basis for their personal
mathematics learning processes. Accordingly, their related habitual behavioral and self-
regulatory patterns, beliefs, and affective responses in mathematics learning become
further strengthened.  

On the other hand, according to the model in Figure 7.3, active construction, self-
reflection, and self-regulation at higher or reflective self-awareness states with high
personal agency and control included are carried through a kind of mental activity and
dynamic self-state, by which pupils are able to explore, regulate, and direct the contents,
qualities, and fluctuation of their active consciousness and behaviors, that is, the
processing and influence of their mathematical beliefs, affective responses, and
behavioral patterns for their constructive, evaluative, experiental, behavioral, as well as
self-regulatory mathematics learning processes.963 Simultaneously with the more
automatic arousal, form, and effects of their interpretations, processings, and personal
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960 The model is consistent with the recent phenomenological views of self-regulation and learning
presented, e.g., by Boekaerts (1988, 1995), Borkowski et al. (1990), McCombs (1989; 1991), McCombs
& Marzano (1990), Iran-Nejad (1990), Ridley (1991), and Mills (1991), but also with those systematic or
control system approaches to behavioral self-regulation (Scheier & Carver, 1982), with recent
constructivist (Paris & Byrnes, 1989; Paris & Winograd, 1990), social-cognitive (Bandura, 1986; 1993;
1994; Schunk, 1989b; Zimmerman, 1989b; 1990; 1994), and volitional views of self-regulation or self-
regulated learning (Corno, 1989; Kuhl & Kraska, 1994).  
961 That is, by their ongoing self-system processes and the individual-environmental mental interaction
or, by the qualities and contents of their operating mind or consciousness (c.f., Sections 5.3.3 and 5.4).  
962 I.e., to give meaning and importance to external events (c.f., Section 6.4).
963 They can be said to be able to choose their mathematical beliefs, responses, and behaviors.



self-systems, pupils are then able to varying degrees to actively reflect on their mental
contents and ongoing personal processes in mathematics learning situations. The same
applies to their assessments with and impacts of the aspects of their mathematics learning
environment or context at hand. The amount of this reflective self-awareness, together
with the emergence and experience of one´s own personal agency and power, or of the
metacognitive or the higher self, or of the functioning of higher order metalevel or core
self-system processes, then determines the extent to which pupils can actively influence,
take control over, give rise to, construct, direct, and/or revise their personal mathematical
learning processes and affective self-states, in particular the processing and effects of
their learned and habitual mathematical beliefs, affective responses, and behavioral
patterns. The more extensively evoked the higher order self-regulatory processes, the
more extensive the reflective self-awareness in pupils´ mental or personal dynamics and
the stronger the emergence of their personal agency or power and truly optional
mathematics learning experiences and behaviors. 

This model tries to override the more common determinism represented in theoretical
approaches to learning or motivation with beliefs, affective responses, and behaviors. We
may now state that these habitual personal patterns or self-systems “drive” pupils´
personal mathematics learning processes and affective experiences only to the extent that
they are not consciously acting on those personal self-systems and processes. Through
higher level personal functioning or power, pupils understand the relationships between
their beliefs, affective states, motivation, and actions, and may choose the level of
influence that their specific beliefs and affective responses will have on their mathematics
learning behaviors and intentions. This enhances both their affective self-states and self-
functioning or mathematics learning experiences and performances.964 The personal
learning processes at this highly self-reflective state of functioning or dynamics and with
highly efficient self-regulation were described above as the operation of pupils´ open or
fully activated self-system processes with respect to mathematics. We will complete our
descriptions of this efficient self-phenomenon or state by referring to the fine account of
an optimal experience of personal growth and “the fully functioning person” given by
Rogers (1983, p. 210). Accordingly, a fully functioning person ....

“... is able to live fully in and with each and all of his feelings and reactions. He is
making use of all his organic equipment to sense, as accurately as possible, the
existential situation within and without. He is using all of the data his nervous system
can thus supply, using it in awareness, but recognizing that his total organism may
be, and often is, wiser than his awareness. He is able to permit his total organism to
function in all its complexity in selecting, from the multitude of possibilities, that
behavior which in this moment of time will be most generally and genuinely
satisfying. He is able to trust his organism in this functioning, not because it is
infallible, but because he can be fully open to the consequences of each of his actions
and correct them if they prove to be less than satisfying.

He is able to experience all of his feelings, and is afraid of none of his feelings; he
is his own sifter of evidence, but is open to evidence from all sources; he is
completely engaged in the process of being and becoming himself, and thus discovers
that he is soundly and realistically social; he lives completely in this moment, but
learns that this is the soundest living for all times. He is a fully functioning organism,
and because of the awareness of himself which flows freely in and through his
experiences, he is a fully functioning person.”  
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964 See also Iran-Nejad, 1990; McCombs, 1991; McCombs & Marzano, 1990.
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8 ATTACHING MOTIVATIONAL DYNAMICS TO PERSONAL
AND ENVIRONMENTAL REGULATORY MATHEMATICS

LEARNING PROCESSES

Consistent with our learning model (see Section 3.4.3), we considered above the
dynamics of affect and cognition in pupils´ self-system processes, with respect to their
mathematics learning or performances, in which their self and self-processes represented
the main part of the conceptual framework for our dynamic examinations. In particular,
we studied the pupils´ interpretations and self-evaluative processes that lay behind their
significant affective responses to mathematics, as well as those behind their self-
regulatory states and actions in school mathematics learning situations. Furthermore, the
qualities of pupils´ self-beliefs and significant mathematical beliefs and belief systems
were combined with these personla processes. Consideration of metalevel and self-
regulatory processes in Chapter 7 was designed to deepen our perspective of pupils´ self-
system processes and their personal mathematics learning processes and experiences, and
hence also to the examined dynamics of affect and cognition. References were also made
to the involved motivational personal aspects and functioning in these considerations. In
this chapter, we will now have a closer look at these personal-motivational dynamics
understood here to be essentially included in the personal processes and self-states
considered above. Accordingly, in this chapter we will answer the aspects presented in
research question 4 (see Section 3.2.2) by attaching our understanding of personal
agency, personal power, and/or self-motivation to the various above-considered personal
aspects or dynamics with pupils´ self-systems, self-system processes, and/or self-
regulation processes in mathematics learning, performances, or problem solving. We will
use these core personal aspects to finally integrate all the dynamic examinations and
perspectives presented in the previous chapters. Moreover, we will here join the previous
examinations and considered dynamics with the essential qualities of pupils´ personal
mathematics learning processes and experiences, their mathematical performances,
achievements, or outcomes, as well as with the related research results of mathematics
education. In the last part of this chapter, we will present a short description of the
additional factors in this personal dynamic related to important social or contextual
environmental and personality features that may have significant impacts on the qualities
of these motivational-behavioral dynamics, and hence further of pupils´ school
mathematics learning.  

8.1 General Aspects of Motivation

When we take a look at personal power behind achievement-related actions or the quality
of mathematics learning and performances, of necessity the central educational and
general psychological concept of motivation clash. The underlying dynamic personal
phenomena have been most commonly referred to by a single theoretical term, motive,
involving further general conceptualizations such as drives, needs, and energization.
Among educational psychologists, the term motivation965 has been nearly equated with the
aspects included in research on achievement motivation. The construct has been studied
in close connection with affective variables,966 as well as with the effects of these on
academic achievement and learning, or on cognition. Efforts have also appeared in order
to separate between motivational and affective constructs (see Helmke, 1989; Weiner,
1990b). However, motivation is today most commonly considered as a necessary factor
for learning, achievements, and school performance (Helmke, 1989).967 Within
mathematics education research, the concept of motivation points traditionally to an
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965 Comes from the Latin meaning of “to move”.
966 I.e. variables such as anxiety about failure or evaluation anxiety (e.g., Helmke, 1989; Hembree, 1988;
Pekrun, 1988; Snow et al., 1996; Weiner, 1990b).
967 Motivation has also been overlooked or seen as unimportant construct e.g. among traditional
cognitive psychologists. 



important but often distinct category of affective factors, constituting the basis for good
and efficient mathematics learning (see, e.g., Aiken, 1976; McLeod, 1992). More
specifically, we may view the construct of motivation to represent the closest and
traditional linkages from affective personal aspects and individual differences to the
qualities of learning and cognition.       

Even though there is today a rather general agreement on the central role of motivational
aspects, or conative functions (Snow & Farr, 1987b; Snow et al., 1996), in academic
achievement settings, a lot of confusion exists concerning the comprehensive concept
itself. Like affective variables in general, the construct of motivation has traditionally
been accompanied by a lack of research on the underlying or mediating processes
between it and academic outcomes (Graham & Weiner, 1996; Helmke, 1989; Lens,
1995; Snow et al., 1996; Weiner, 1990b).968 In general, contemporary conceptualizations
of motivation and learning vary from content theories to process theories of motivation,
from extrinsic to intrinsic motivation, and from descriptions of the involved behaviors to
the explaining of these behaviors (Lens, 1995). Moreover, there is a large variation in the
categories of the considered behaviors, intentions, or strivings, as well as in the
underlying personal processes of motivation due to its variation along with persons,
cultures, environments, contexts, situations, or personal states. Thereby, Graham &
Weiner (1996), for example, state that only some of the principles of motivation could be
classified as motivational theories. In spite of the complexity and high variation of the
concepts and considerations of motivation, the construct has been preserved as a cross-
cultural (and social) metaphor to describe the nature or impacts of personal will in human
life events, or the determinants behind one´s personal attempts, efforts, or choice
between different behaviors in academic or non-academic situations, with varying
intensity and persistence (c.f. also Borkowski et al., 1990; Graham & Weiner, 1996).
Furthermore, within recent educational research, the construct has been promoted by the
increased relevance of the related issues (e.g. goal theories) considered in general
psychological literature (Weiner, 1990b), as well as by the increased research on the
mediating variables or effects of motivation on the qualities of mental processes of
learning.969 In this personal dynamic, we attach again the greatest significance to the
qualities of pupils´ higher order metaleval and self-regulatory learning processes (see also
Sections 5.4 and 7.4). 

The general shift of orientation in psychological or social psychological theories and
research on motivation, from mechanistic interpretations of behaviors towards views of
pupils as rational decision-makers or scientists (Weiner, 1990; 1992a), as socio-culturally
bound individuals (Bandura, 1986; Weiner, 1986), and as self-directive and creative self-
actualizing agents (Bandura, 1994; Maslow, 1970; McCombs & Marzano, 1990;
Zimmerman et al., 1992), can all be viewed to stress pupils´ personal and unique mental
processes as intertwined with their motivation, or their personal dynamics with
motivational-behavioral processes and aspects. In these views, variation in pupils´
actions, motivation, and construction of intentions is not considered only as results from
their trait personality differences, but also from the differences in environmental learning
contexts or situations, situational self-perceptions, affective self-states, and/or in personal
developmental systems. Furthermore, these various influential features are seen to
interact continually with each other (c.f., Ames & Ames, 1984; Bandura, 1993;
Boekaerts, 1988; Helmke, 1989; Paris & Turner, 1994; Snow et al., 1996; Weiner,
1990). These kinds of socio-cognitive-constructivist views of learning can be viewed to
offer a deeper look at underlying personal constructs and processes behind actual
learning actions and achievements, as well as at the socio-cultural features or impacts in
these. Accordingly, motivation can today be considered as personally constructed and
personally or environmentally contextualized, due to the variation of such aspects as
personal interpretations of self and events, personal or socio-cultural achievement goals,
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968 E.g., motivation is often inferred from learning and, on the other hand, learning is considered as an
indicator of motivation by educational psychologists (Weiner, 1990b). Moreover, the positive relation
between motivation and achievement is generally expected to be direct and linear (Helmke, 1989). 
969 E.g., strenght, shape, or functioning of cognitive processes; Borkowski et al., 1990.



or for example perceptions of the attainability of the goals in a situation (c.f., Ames,
1984; Meece, 1991; Paris & Turner, 1994; Wigfield & Harold, 1992).970

As illustrated in our learning model, we view these influential aspects and perceptions to
be specially engaged in pupils´ appraisals or their own mathematical knowledge, ability,
competence, and control, further influenced by their personal mathematical beliefs and
accompanied affective self-states or behavioral patterns, as well as by the various social
or contextual features of school mathematics learning situations. Recent approaches to
motivation focus on such aspects as the factors or determinants behind the direction of
continual activity and effort expenditure, on decisions, choice behavior, goal
construction, learning strategies, and study habits, or on volitional and action control
processes mediating the impact of motivation on actions. Furthermore, these kinds of
concepts or factors have been linked with achievement-related and socially intertwined
cognitions of causal attributions, value perceptions, efficacy judgments, expectancies for
success or related beliefs, and control beliefs or with beliefs about learning or
achievement goals (Bandura, 1986; Borkowski et al., 1990; Helmke, 1989; Iran-Nejad,
1990; Lens, 1995; Newman, 1991; Paris & Winograd, 1991; Schunk, 1984; Snow et
al., 1996; Weiner, 1986; 1992b; Wigfield, 1994; Zimmerman & Martinez-Pons, 1992;
Zimmerman et al., 1992). As presented above, these kinds of constructions and aspects
have  also appeared in recent learning models and studies on affect in mathematics
education research. These contemporary constructs and perspectives of achievement
motivation offer increased possibilities of a more detailed description and deepened study
of the dynamics of affect and cognition in pupils´ mathematical achievement behaviors
included in this study.971

More specifically, recently, increased emphasis has been laid on efforts to connect the
construct of motivation more closely with particular affective responses, like emotions,
or with pupils´ self-related constructs, self-systems, metacognition, and self-regulatory
aspects of learning and academic achievement. Self and self-phenomena are enhanced
central aspects in explaining learning and motivation (Graham & Weiner, 1996;
McCombs, 1991; Weiner, 1990b). For example, Borkowski et al. (1990) consider
metacognition as the combining feature in the interrelations of cognition, motivation, and
personality, in which the main focus is on the connections between pupils´ metacognitive
knowledge and motivational-attitudinal factors, like effort attributions and self-esteem.
Moreover, as referred above, recent conceptions of self-regulation or self-regulated
learning generally include aspects of action control as closely related to motivational
factors, or deal separately with motivational and volitional aspects on learning actions and
outcomes.972 In addition to the high general importance attached to metacognition, self-
regulated learning, or personal agency in recent notions or models of learning and
achievement-related behaviors,973 increased educational research deals directly with such
subjects as self-beliefs, affective self-states, self-motivation, self-direction, self-control,
self-efficacy, and self-determination behaviors behind learning actions, and intentions or
self-regulation processes (see Chapter 7; e.g., Bandura, 1993; Boekaerts, 1995;
Borkowski et al., 1990; Harter, 1985, Schunk, 1990; Snow et al., 1996; Zimmerman,
1990; Zimmerman et al., 1992). 

In this study, we have taken notice of these recent developments of motivational-
behavioral processes with self-systems, self-system processes, and/or self-regulation in
educational research domain, and have connected these perspectives to our learning
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970 E.g., the presence or perceptions of a competitive vs. noncompetitive learning situation or peers
affecting effort (see Section 8.4).
971 See also, e.g., Boekaerts, 1988; 1995; Borkowski et al., 1990; Dweck, 1986; Eccles et al., 1983;
Fennema, 1989, McCombs, 1989; McCombs & Marzano, 1990; Weiner, 1990; 1992b.
972 See Section 7.5; Corno, 1989; Pintrich & DeGroot, 1990; Snow et al., 1996; Zimmerman &
Martinez-Pons, 1988; Zimmerman et al., 1992.
973 E.g., Bandura, 1993; 1994; Borkowski et al., 1990; McCombs & Marzano, 1990; Paris &
Winodgrad, 1990; Weinert, 1987; Zimmerman & Schunk, 1989, 1994.



model, as well as to the related mathematics education research results with affect. In
Chapter 7, these higher order self-regulation and fully functioning self-system processes
and self-states were contrasted with inefficient self-regulatory processes and defectively
functioning self-system processes. The former were linked with  more positive,
promotive, and efficient self-states and personal mathematics learning processes, which
were further viewed to be intertwined with the emergence and sustenance of personal
control, agency, creativity, individuality, and/or self-efforts with respect to mathematics
and mathematics learning situations. In contrast, negative affective and inefficient self-
states and hindering of mathematics learning processes and experiences were attached to
inefficient self-regulation processes. These higher order self-regulatory processes or self-
aspects inevitably point to core personal or self-dynamics and the phenomena indicated
by the terms of personal will, volition, conation, optional behaviors, intrinsic motivation,
or personal power. We view the qualities of these self-perceptions or self-appraisals and
self-regulatory processes, together with the quality of pupils´ mathematical or self-
regulatory knowledge and skills, important mathematical and self-belief systems and
related affective responses to mathematics (i.e., the self-system), to form the essential
qualities of their personal mathematics learning processes and experiences. Results from
these core self-processes and self-states are then most commonly measured as
mathematics learning outcomes, performance levels, or achievements. Thereby, our
emphasis is on pupils´ personal internal processes or intrinsic qualities, self-directed
orientations, and/or aspects of self-motivation in mathematics learning, included above in
pupils´ self-system processes in mathematics learning.974 Moreover, as indicated in
Chapter 7, we interpret high personal power, agency, volition, or self-motivation with
respect to mathematics learning both as antecedents and consequences of pupils´ actively
self-directed and efficient self-regulatory processes and self-experiences with
mathematics. These significant self-developmental features are, in fact, included in each
of their personal mathematics learning actions and experiences, with varying goals for
learning and self-regulation and with accompanying different degrees of their personal
will, agency, or levels of intensity.975 As Csikszentmihalyi and Nakamura (1989, p. 55)
state, “... intrinsically motivated experience is potentially available to every person, at
any time.”   

Finally, in this study we view pupils´ motivation in mathematics learning as related to or
intertwined with their complex976 personal and affectively toned self-experiental and self-
regulatory processes.This involves core self-system processes that constantly vary or
function, produce or create, and influence their orientation, intentions, and actions in
school mathematics learning and learning or performance situations. Accordingly, we
will link the recent notions of motivation with pupils´ situational and contextual self-
interpretations, self-appraisals, self-affects, and self-regulation processes in school
mathematics learning situations that are further influenced by with various environmental
contextual, situational or socio-cultural factors.977 Results of these core self-system
processes and degrees of accompanied personal power in mathematics learning
processes, and/or motivational-behavioral dynamics with mathematics become then
illustrated or measured as variations in pupils´ mathematical efforts, interests, choices,
persistence behaviors, study habits, learning styles, or outcomes and achievements, but
further in the quality or variation in their perceptions of or affective responses toward
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974 These perspectives constrast with consideration of extrinsic characteristics, overt personal processes,
and/or other-directed orientations behind pupils´ motivational-behavioral dynamics in mathematics
learning (see also, e.g., Snow et al., 1996; Zimmerman et al., 1992).
975 See Chapter 7; c.f., Borkowski et al., 1990; Iran-Nejad, 1990; McCombs, 1989; McCombs &
Marzano, 1990; Ridley, 1991; Zimmerman, 1994.
976 There do not exist a simple or single construct called motivation nor a simple connection to pupils´
mathematics learning processes. (It is not “a thing” in pupils´ heads, c.f., Ridley, 1991). 
977 Intertwined again with the qualities and influence of their personal mathematical belief systems, other
personality features, as well as of the various contextual or socio-cultural features of mathematics, its
learning, and learning situations. (see also Chapter 6; e.g., Bandura, 1993; Borkowski et al., 1990;
Helmke, 1989; McCombs, 1989; Paris & Turner, 1994).



mathematics and mathematics learning. As we enhance the self and personal agency or
power into the core dynamic aspects of pupils´ personal mathematics learning processes
and self-regulation, we first present the important linkages between these core personal
dynamics and the related motivational-behavioral aspects suggested in recent models of
learning or self-regulation processes.  

8.2 The Dynamic Core for Self-Regulated Mathematics
Learning

8.2.1 The Significance of Self-Perceptions and Self-System Processes 
in Motivational Dynamics

In addition to traditional classification of motivational aspects among personal affective
variables in learning, both general research in education and mathematics education
studies can be viewed to be implicitly adhered to the close connection between academic
achievement motivation self-concept related constructs, and academic achievements.978 -
“.. it is evident that the self is on the verge of dominating motivation” (Weiner, 1990, p.
621). Consideration of academic self-concept or self-esteem and other self-system
contructs as central aspects in educational research derive partly from research results
indicating belief in the improvement of motivation for learning, academic performance,
and of achievements due to the improvement of academic self-concept, especially within
specific contexts or educational domains (Borkowski et al., 1990; Byrne, 1984; Marsh,
1986; 1990c; Marsh et al., 1988; Shavelson & Bolus, 1982; Skaalvik & Rankin, 1990;
Wylie, 1979). Against this self-enhancement model of learning is also presented a skill
development model assuming enhanced academic self-concept to result from improved
academic achievement (Helmke, 1989; Snow et al., 1996). Both of these perspectives
have been applied also in mathematics education research, reflecting hence the overall
complexity of self-phenomena in motivational and behavioral learning processes (see
Section 4.4.1). Recent research results show, for example, that the interdependence of
self-concept of mathematical ability and mathematics achievement depends on age and
grade (Helmke, 1989).979

Consistent with the recent general notions and learning models (applied already above),
we have extended the traditionally supposed simple linear and causal motivational relation
from self-concept to academic achievements (see Section 3.4). Thereby, more specific
and/or mediating self-variables with significant references to experiential, evaluative, or
regulatory self-phenomena are included. These aspects relate to such constructs as
situational self-appraisals, personal control activity, persistence behaviors, choice of
tasks and activities, affective self-influences like anxiety or test anxiety, use of self-
regulatory strategies, and the intensity or choices of levels of effort.980 The recent
increased attention paid to the self in educational as well as in cognitive or socio-cognitive
psychological literature is accompanied by emphasis laid on self-beliefs, self-systems, or
self-regulatory processes. This emphasis further relates to high interest in metacognitions
in these scientific domains, but also to an increased use of specific constructs of self-
efficacy, self-related causal attributions, or helplessness models of motivation and
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978 C.f., Boekaerts, 1995; Helmke, 1988; Paris & Turner, 1994; Reyes, 1984; Underhill, 1988.
979 E.g., self-concept is significantly influenced by achievement but not the other way round during the
5th grade. On the other hand, a clear reciprocal relation is perceived between self-concept and
achievements during 6th grade (Helmke, 1989).  
980 Bandura, 1993; Boekaerts, 1995; Graham & Weiner, 1996; Helmke, 1989; Lens, 1995; Meece et al.,
1990; Paris & Turner, 1994; Paris & Winograd, 1990; Pintrich & DeGroot, 1990; Weiner, 1990;
Zimmerman, 1989b.



behavior in the educational research domain.981 The related recent behavioral or learning
models and theoretical perspectives consider beliefs and perceptions of self or self-ability
as one of the most powerful impacts, directors, and/or regulators of one´s experiences
and behaviors (c.f. Section 7.3.2). More generally, together with other personally held
and socio-culturally bound constructs or perceptions like task- or goal-related beliefs,
pupils´ self-perceptions and self-appraisals are seen to “drive” pupils´ motivational
processes and achievement-related actions (see also Section 7.3).982 On the other hand,
self-perceptions and behavioral or motivational implications are seen to constantly interact
in a reciprocal nature.983 Accordingly, the quality of personal beliefs and perceptions or
self-systems is suggested to influence the quality of pupils´ learning, and the quality of
their learning has implications for the appearance and quality of their further perceptions,
particularly of their self-beliefs and self-perceptions (c.f. Section 3.4.1 and 3.4.3). These
perspectives and self-related constructs can be viewed to be included in the cognitive
mediation learning models presented in Section 3.4.2, as well as in the causal attribution
model of motivation or in recent social learning theories applied above.

More traditionally, the critical role for the self in behavioral organization is given in the
self-worth theory that is consistent with the attributional theory of motivation, the
expectancy-value model of motivation, as well as with the recent notions of self-
motivation or the socio-cognitive learning models dealing with self-efficacy.984 The basic
arguments include that the need for self-acceptance is the highest human priority and that
society equates human value with ability. In consequence, individuals´ appraisals of their
own ability operate as primary forces behind their school achievement behaviors and are
perceived as the major cause of success or failure (Covington, 1984; 1985; Covington &
Roberts, 1994; Epstein, 1973). That is, these appraisals serve not only as important
determinants behind pupils´ highly intense self-affects, but also as their central self-
regulatory or self-motivational functions (c.f. Section 7.3.2). A sense of self-esteem is
considered as a powerful human motive or motivator (c.f., Borkowski et al., 1990;
Harter, 1985; Markus & Wurf, 1987; McCombs, 1989; Oosterwegel & Oppenheimer,
1993; Rosenberg, 1985). This perspective sees achievement behavior to result from
pupils´ attempts to maintain or protect their positive self-perceptions of ability and
competence, especially in a failure situation.This dynamics are suggested to be measured
as avoidances of failures (or test anxiety experiences), mental withdrawal, preference for
effort-related attributions instead of ability attributions for successes, and as various self-
defences or ego-defence functions related to attempts to regulate negative affective
responses in order to protect self-views.985 Boekaerts (1988; 1995), for example,
suggests the cost-benefit analyses with positive or negative affective responses resulting
from pupils´ self-appraisals to be at the heart of motivated learning, characterized as
avoidances or approaches learning. Harter (1985) and Rosenberg (1985) view that self-
appraisals and self-worth are primary determinants of affect, motivation, and
achievement, but the influences of which on motivation go basically through related
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981 See, e.g., Bandura, 1986; 1994; Borkowski et al., 1990; Helmke, 1988; McCombs, 1989; 1991;
Oosterwegel & Oppenheimer, 1993; Paris & Byrnes, 1989; Paris & Winograd, 1990; Schunk, 1989b;
Weiner, 1986; 1992a.
982 Ames & Ames, 1984; Boekaerts, 1988; Eccles et al., 1983; Graham & Weiner, 1996; Harter, 1985;
Lens, 1995; McCombs, 1991; c.f. also Borkowski et al., 1990; Garofalo & Lester, 1985; Nicholls,
1984; Pintrich & De Groot, 1990; Schunk, 1984; 1989a; Weiner, 1986; 1992a; Zimmerman, 1986;
1989b.
983 C.f., Bandura, 1986; Boekaerts, 1995; McLeod, 1992; Meece et al., 1990; Reyes, 1984; Schunk,
1989a; Shavelson et al., 1976; Weinert et al., 1989; Zimmerman, 1989a.
984 These models were applied in Chapters 4-7 (Borkowski et al., 1990; Harter, 1985; McCombs, 1989;
Snow et al., 1996; see also Bandura, 1993).
985 E.g., with perceptions of discomfort and negative feelings like tension (Boekaerts, 1988; Covington,
1985; Covington & Roberts, 1994; Markus & Wurf, 1987; Oosterwegel & Oppenheimer, 1993; see also
Section 7.4.2).



affective self-experiences.986 According to McCombs (1989), affective reactions to self-
evaluations that produce discrepancies between what we are and want to be are the
primary determinants of motivation to achieve our self-goals. As Paris & Winograd
(1990) state, the selection of goals or of tasks and the persistence and vigor of pupils´
efforts all reflect a pattern of their beliefs about their own learning potential (p. 43; see
also Section 7.3.2;  Covington & Roberts, 1994; Meece, 1994). We continue to apply
these notions in the sections below and we stress the self-directive and self-motivation
perspective of pupils´ significant affective self-states or self-affects, due to their
appraisals of their own mathematical abilites or capacities, control, and personal agency
in their personal mathematics learning processes. More specifically, we join these
important self-experience and self-motivational states with the qualities of pupils´
experienced self-efficacy, self-esteem, and/or self-confidence with respect to school
mathematics and mathematics learning situations (see Chapter 6).987

The view that the sense of self-worth has both affective and motivational implications has
been developed especially in connection with recent dynamic views of self-concept or
self-systems in learning or self-regulation.988 The basic motivational or personal power of
these self-systems is also attached to self-ideals or future and possible self-concepts or
images, or internal representations of values (called “possible selves” by Markus &
Nurius, 1986; see also Sections 4.4.1, 7.3.2, and Chapter 6; Leahy & Shirk, 1985).
Even though discrepancies (at least large ones) between the real and ideal or possible
self-concepts are traditionally within psychotheraphy viewed to cause deficiencies in
one´s psychological health (Oosterwegel & Oppenheimer, 1993; Rogers, 1983), these
are viewed to serve different motivational functions for personal growth (see also
Sections 4.4. and 7.5.1; Epstein, 1973) that are further joined with the qualities of
pupils´ significant self-affects as well as with their achievement-related actions and
efforts. According to these perspectives, pupils not only try to avoid their negative or
undesirable pictures of self, but also strive to achieve their positive or desirable pictures
of self. In this personal dynamic, self-ideals or possible selves represent pupils´ personal
goals or aspirations, as well as fears, serving in this way a personal motivational or self-
directive and self-incentive function. Higgins´ (1987) self-discrepancy theory, for
example, introduces the concepts of the ideal self and the “ought to” self or the
combinations of these as “self-guides” that motivate and direct behavior. According to
Markus & Nurius (1986, p. 960), a possible self can provide “direction and impetus for
action, change, and development.” Thus, possible selves give meaning to pupils´ real
self-concept or self-image, serve their affective self-functions, as well as represent an
important aspect in the process of self-regulation by creating incentives and guiding
actions through their activated self-ideals or “working self-concept” (c.f. Section  7.5.1;
Bandura, 1993; Markus & Wurf, 1987). Moreover, increased self-knowledge and
knowledge or awareness of own ideal or possible selves enhance pupils´ motivation to
acquire stragegic skills (see Sections 4.4. and 7.3.2; Harter, 1985; Markus & Wurf,
1987; McCombs, 1989; Oosterwegel & Oppenheimer, 1993). Bandura (1986; 1993) in
his social cognitive perspective stresses the positive motivational force of the involved
discrepancy in pupils´ self-systems. He considers the motivational power for personal
achievements, control, or self-adjustment not only as results from one´s perceptions of
the discrepancy between his/her internal goals or standards and perceived events, but also
from one´s self-initiated discrepancy production by proactive control or creating a state of
disequilibrium (Bandura, 1993, p. 131-132). To these constructive self-regulatory
processes  or notions of motivation control were referred to in Section 7.5, involving
self-reinforcement or self-punishment, positve attributions, self-instruction, or incentive
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986 It is students´ development of self-evaluation processes that leads to the development of their self-
affects (e.g., pride, shame) and, in turn, an internal, self-directed motivational orientation (Harter, 1985). 
987 In fact, often expressed or experienced as such self-states as doubt, shame, helplessness or as
confidence, pride, self-assuredness, considered in Chapter 5 and Sections 6.1-6.3), or described by Flavell
(1987) as pupils´ metacognitive experiences with the emotional accompaniments of cognitive self-
appraisal for the motivational characteristics of metacognition (see also McCombs & Marzano, 1990).   
988 See Section 4.4.; Boekaerts, 1995; Borkowski et al., 1990; Markus & Nurius, 1986; Markus &
Wurf, 1987; Weinert, 1987.



escalation.989

The accepted complexity in the recent dynamic views of self-concept or self-system
further involves that even contradictory personal motives may be at present at the same
time, for example, motive for self-enhancement and for self-consistency with one´s own
self-concepts or self-pictures (see Section 7.4; Markus & Wurf, 1987; Oosterwegel &
Oppenheimer, 1993).990 This complexity can also be understood when we look at the
additional related concepts like a division made between the overt self and the covert self,
between the private and the public self-consciousness, or between the ideal self and the
”ought to” self that may aim at different self-goals (see Sections 6.1 and 7.3-7.5;
Higgins, 1987; Kuhl & Kraska, 1994; Leahy & Shirk, 1985; Rosenberg, 1979).
Furthermore, other significant personal constructs, beliefs, or perceptions mediated by
pupils´ self-perceptions and self-appraisals in school learning and achievement, like those
dealt with above as socio-cultural mathematical beliefs behind their self-appraisals and
affective responses to mathematics in Section 6.4., can be viewed to have important
influences on this complexity in pupils´ self-system processes and self-motivational
dynamics.991 In consequence, complexity of self-systems and self-system processes
points to the fact that pupils´ self-appraisals and self-directive actions or self-motivation
are largely influenced by the qualities of the external features of school mathematics
learning and/or of their individual-environemnetal (mental) interaction in school
mathematics learning situations. On the other hand, consistent with self-theorists´ views,
we see each of the external or socio-cultural motivational-behavioral influences to operate
either directly or indirectly through pupils´ self-system processes or self-appraisals, self-
influences, and self-regulatory processes, rather than having impact on their mathematics
learning behavior and intentions directly (see als Section 7.3.2). As Bandura (1993)
states, the impact of most environmental influences on human motivation, affect, and
action is mediated through self-processes (p. 118). 

In Chapter 7, we considered self-regulatory processes and affective self-states in
mathematics learning to offer a central mediating link for understanding the traditionally
suggested close relation between mathematical self-concept and achievements. As
McCombs and Marzano (1990) state, self-regulation may reflect the fullest involvement
of the self in behaviour (p. 60). Current models of metacognition, self-regulation, or
self-regulated learning considered in Chapter 7 can be viewed to importantly support this
idea. Variation is produced due to different theoretical to self-regulation or metacognition.
For example, operant or system theoretical views stress overt self-system processes as
external reinforcing stimuli, self-reactiveness, and importance of self-recording (see,
e.g., Scheier & Carver, 1982; Skinner et al., 1988), whereas other views refer to such
motives as achievement success, goal accomplishment, self-rewards, self-efficacy, or
concept assimilation (Zimmerman, 1989b; see also Section 7.1). However, many of
these general models or notions recognize the primacy of self-beliefs, self-perceptions, or
self-appraisals, and consider constructs such as knowledge about self or monitoring of
one´s own actions, self-perceptions of ability, causal attributions for success and failure
or expectations for success with respect to the quality of self-regulation, metacognitive
strategies, as well as motivational dynamics included in these (see also Section 7.3.1;
e.g., Borkowski et al., 1990; Brown, 1987; Carver & Scheier, 1988; Weinert, 1987).
Paris & Winograd (1990), in their discussion of the motivational characteristics of
metacognition view that metacognition provides students with knowledge and confidence
that enables them to manage their own learning and empowers them to be inquisitive and
zealous in their pursuits. In particular, confidence promotes continued effort in the face
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989 For emphasizing the sense of satisfaction coming, e.g., from completing a homework assignment
(Corno, 1989; Kuhl & Kraska, 1994; Schunk, 1990a; Snow et al., 1996; Zimmerman, 1989b).  
990 Accordingly, individuals generally strive to maintain or enhance their self-evaluation or self-esteem,
but also may prefer to be in congruence with their own self-concepts in order to strenghthen their
experience of continuity and thence positive affect with feelings of control (Markus & Wurf, 1987;
Oosterwegel & Oppenheimer, 1993).
991 These contextual or socio-cultural aspects behind pupils´ motivational-behavioral dynamics and self-
regulation will be considered in Section 8.5. 



of difficulties. They consider that both self-appraisal and self-management of cognition
invite cognitive as well as motivational explanations for performances.992 For Borkowski
et al. (1990), self-systems provide the necessary motivation and affective states to foster
their progress toward self-determination, and metacognitive systems provide the means
to reach that goal (p. 64-65). They view the motivational correlates of metacognition to
include positive self-esteem, an internal locus of control, and constructive attributional
beliefs that further characterize gifted learning (p. 58; c.f., Boekaerts, 1988; McCombs &
Marzano, 1990; Carver & Scheier, 1988). Constructivist approaches to self-regulation
refer to reflection and reconstruction that stimulate learning, especially pupils´ beliefs
about their ability, agency, and control behind their self-regulated learning (Paris &
Byrnes, 1989; Zimmerman, 1989b). Recent volitional analyses, in turn, consider the
development of self-regulation to depend on pupils´ acquisition of metacognitive as well
as metamotivational knowledge and skills, or that  that most motivational993 processes
underlie or precede one´s decisions to learn or complete a task (Corno, 1989; Kuhl &
Kraska, 1994).

In socio-cognitive approaches, self-efficacy perceptions are regarded as the most
powerful self-motivator or key variable behind self-regulated learning that varies in
degree (Bandura, 1986; 1993; Zimmerman, 1986; 1989b; Zimmerman et al., 1992).
Bandura (1993) states, “Students beliefs in their efficacy to regulate their own learning
and to master academic activities determine their aspirations, level of motivation, and
academic accomplishments” (p. 117). Moreover, a reciprocal relationship is viewed to
exist between self-efficacy perceptions and motivational self-regulatory actions like goal
setting, self-rewards or self-reinforcement activity, controlling of affective processes,
expectancies, and selective processes like choice behaviors (Bandura, 1986, 1993;
Schunk, 1989b; 1990b; Zimmerman, 1989b; 1990; Zimmerman et al., 1992). McCombs
(1989, p. 61), in her phenomenological view, lists self-awareness, self-evaluation,
judgments, expectations for success or failure, self-development goals, evaluation of the
personal significance of the task against these goals, as well as the outcomes of other
self-processes as important self-system processes in motivation and self-regulated
learning. McCombs & Marzano (1990) further focus on the self as generator of will and
motivation to enagage in self-regulated learning processes and activities.994 Furthermore,
cognitive development is seen to be impaired by the lack of a link between the self and
metacognitive awareness, resulting in a lack of the experience of volition and self-
efficacy (see the next section). 

Our perspective to pupils´ motivational-behavioral dynamics in mathematics learning
basically follow these recent phenomenological views of self-regulated behavior and self-
system processes. Accordingly, we view pupils as motivated not only by a global
mathematical sense of self-esteem, but also and even more importantly by their inherent
and basic need or goals for self-determination or personal control, self-actualization or
self-fullfillment, and self-development (c.f. also Connell & Ryan, 1984; Deci & Ryan,
1985; Dweck, 1986; Maslow, 1970; McCombs, 1989; Nicholls, 1984; Rogers, 1983).
Moreover, goals aimed at self-development should contribute to pupils´ more positive
and adaptive motivational patterns with mathematics, underlying in particular their
actively self-regulated mathematics learning (c.f., Dweck, 1986; McCombs, 1989,
Nicholls, 1984). As McCombs (1989) suggests, achievement-oriented behaviors are, in
part, the product of pupils´ repeated attempts to structure their self and metacognitive
systems. These perspectives can be viewed to relate further to the traditional emphasis
(laid especially by James, 1890/1963) on free will or volition, accompanied by pupils´
ability to and longing for spontaneity and creative power in their personal mathematics
learning processes (see Sections 7.3.2, 7.4.2, 7.5, and 7.6; McCombs, 1991;
Oosterwegel & Oppenheimer, 1993). We attach these core personal aspects or dynamics
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992 Because they see skill and will as interwoven in reflections and anticipations about learning (see the
next section).
993 As, e.g., perceived self-efficacy.
994 I.e., as the dynamic director or overseer of information processing with formulation of intentions and
enacting of choices (p. 54).



particularly to pupils´ active or efficient self-regulatory processes with high sense of
personal agency or higher level understanding of personal control and reflective self-
awareness states accompanied. These facilitate pupils´ motivation, performances, and
self-adjustment with respect to mathematics and its learning, and hence fully activation of
their self-system processes or of their true personal power in mathematics learning
situations.995 In this highly promotive self-motivation case, pupils´ personal mathematical
skill and will become joined with their core self-states and self-system processes, as well
as their important self-development or the development of their open self-belief systems
with respect to mathematics.996 These core aspects of pupils´ self-system processes,
personal agency or power and motivational-behavioral dynamics will be considered
below (see also Sections 7.2-7.2.3). 

8.2.2 The Self-as-Agent as the Organizer of Motivational-Behavioral
Dynamics 

Drive-related motivational constructs or achievement strivings like personal needs for
achievement and the deterministic personal traits or behavioral systems, previously
regarded as central determinants behind control or affectively toned behavior, are still
included in motivational studies (McCombs, 1991; Weiner, 1992b). However, the recent
process-oriented views of learning, emphasized cognitive mediation models of
motivation or learning, as well as research on self-systems, metacognition, and self-
regulated learning have brought to the centre the idea, implicit presumption of, or
emphasis on active, intentional, and/or independent learners.997 Such perspectives stress
pupils´ proactive rather than reactive role in their learning processes, and hence their
personal qualities viewed to confirm an efficient state of funtioning, as well as positive
learning experiences and performances (c.f., Bandura, 1986; 1993; McCombs &
Marzano, 1990; Meece, 1994; Paris & Winograd, 1990). In Chapter 7, we linked these
personal qualities and promotive self-states especially with pupils´ higher order or core
self-system processes, acompanied by high personal agency and power with respect to
mathematics and mathematics learning. According to McCombs & Marzano (1990),
when pupils are aware of the self as agent, a sense of efficacy, internalized goals for
learning, self-regulated learning, and experience of competency are produced. More
generally, researchers in cognitive science domains currently admit that human beings are
intentional in nature (Brown, 1987), but in this aspect it is often referred to only
implicitly within self-regulation research by notions of conscious control, formation of
goals, agency, forethoughts, reflected abstraction, or conscious self-regulation
considered in Chapter 7 (c.f., Zimmerman, 1990). Most apparently this implicit personal
function appear in recent development of self-regulated learning or characterizations of
self-regulated learners.   

For example, personal intentionality or self-motivation aspects are reflected in
Zimmerman´s (1986, 1989a) description of self-regulated students as those who are
metacognitively, motivationally, and behaviorally active participants in their own
learning, including such factors as pupils´ greater independence and responsibility for
their own learning and achievement outcomes, having control over choices of strategies
and volition, increased intrinsic interest in and goals for learning, extraordinary effort and
persistence during learning, and selection, structuring, and creating environments that
optimize their learning, and increased positive affective responses and self-states.998 Self-
regulated learners approach tasks with confidence, diligency, and resourcefulness
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995 C.f., Iran-Nejad, 1990; McCombs, 1991; McCombs & Marzano, 1990.
996 Determined by the agentic self and volitional aspects of self, and not merely by dynamic self-structures
per se (McCombs, 1989). 
997 Bereiter, 1989; Borkowski et al., 1990; Brown, 1987; Iran-Nejad, 1990; McCombs, 1989; Paris &
Winograd, 1990; Ridley, 1991; Weiner, 1992b; Zimmerman, 1989b; 1990.
998 Bandura, 1993; Borkowski et al., 1990; Harter, 1985; McCombs & Marzano, 1990; Mills, 1991;
Paris & Byrnes, 1989; Ridley, 1991; Schunk, 1986; 1990b; Zimmerman & Martinez-Pons, 1986; 1988.



(Zimmerman, 1990). These personal fucntional aspects and processes imply directly
enhanced or fostered learning processes, achievements, and experiences through
personal enablement and empowerment (Paris & Byrnes, 1989; c.f. also Sections 7.1-
7.2). Personal agency was essential in socio-cognitive and constructivist perspectives on
self-regulated learning with notions of actively self-organizing and self-directing
learners.999 In these views motivational forces with agency focus on pupils´ self-systems,
self-phenomena, and self-initiated or self-directed activity or intrinsic motivation to seek
information and reexamine the self, behavior, and knowledge (Paris & Byrne, 1989).
Self-regulated learning is seen as intentional and resourceful, involving deliberate actions
(strategies), invented or generated by pupils, and both agency and control (Paris &
Byrnes, 1989). Socio-cognitive perspectives stress self-efficacy as a critical component
of this personal agency and as a measure or ultimate source of pupils´ motivation and
motivation to regulate (Bandura, 1986; Schunk, 1984; 1989b; Zimmerman, 1989a;
1990). According to Bandura (1986, p. 1), “Thought affects action through the exercise
of personal agency.” The instrument of thought is used to comprehend the environment,
to alter motivation, and to structure and regulate actions. Positive beliefs in one´s own
personal agency or efficiency are viewed to be promoted by factors as successes,
observational learning, and social persuation (Bandura, 1986; c.f. also Paris & Byrnes,
1989). Self-regulated learners report high self-efficacy, self-attributions, and intrinsic
task interest (Borkowski et al., 1990; Schunk, 1990b; Zimmerman, 1985; 1989a). The
related self-motivation processes in regulation include a general reciprocal relationship
between pupils´ goal setting and their self-efficacy perceptions, as well as a continuing
tendency to set higher learning goals for themselves after achieving earlier goals
(Bandura, 1989; Schunk, 1990a; Zimmerman et al., 1992). Personal agency with
actively directed self-regulatory functions means that pupils take responsibility for their
learning actions and ascribe their success and failure to the goals they choose, the
resources they mobilize, and the effort they expend.1000

In Section 7.2 we raised pupils´ agentic self into the core of their higher order metalevel
and self-regulatory processes. The here stressed phenomenological or self-theorists´
perspectives on learning and self-regulation focus directly on the “I” or volitional self,
including self-determination, volition, and agency. According to Deci & Ryan (1985), the
“I” is intrinsically motivated and actively engaged in knowing itself. Consistent with our
dynamic perspective of self, affect, and cognition, phenomenologists refer to the agentic
self as generative and uncontaminated consciousness that is provided by the
understanding of thought as a function and experience of voluntary control in the support
of goals of self-determination and self-development (McCombs, 1989; 1991; McCombs
& Marzano, 1990; c.f. also Section 5.4). As McCombs (1989) states, achievement
behaviors are, in part, considered as the product of pupils´ repeated attempts to structure
their self and metacognitive systems with the goal of maintaining a sense of control
(p.59) and hence the connection between pupils´ intrinsic will, higher awareness or
understanding, and personal agency are emphasized (McCombs & Marzano, 1990).
Accordingly, the realization of self as agent is automatically seen to lead to self-
determined purposefullness (p. 54-55), in which the will component helps pupils see the
power of their choices, i.e. the power of their self as agent, guided by positive feelings
or desires. Furthermore, McCombs and Marzano (1990) state that will (i.e.,
understanding) and self-regulated learning skills (i.e., ability) are reciprocally related, but
will is primary in initiating self-regulation (p. 52).1001 These self-states and self system
processes are characterized as a more natural, healthy, effortless, and higher state of
motivation related further to such covert individual self-phenomena or experiences like
inner wisdom, creativity, and insight (see also Sections 7.2 and 7.4.2; McCombs, 1991;
McCombs & Marzano, 1990; Whisler, 1991).
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999 See Section 7.2; Bandura, 1993; Paris & Byrnes, 1989; Paris & Winograd, 1990; Schunk, 1984;
1989b; Zimmerman, 1989b.
1000 See also Sections 6.3 and 7.2; Bandura, 1986; Borkowski et al., 1990; Paris & Byrnes, 1989.
1001 Thereby, metacognitive awareness and understanding represent the path to helping pupils display the
will and develop the skills for self-regulation (McCombs, 1989; McCombs & Marzano, 1990; Mills,
1991; Ridley, 1991). 



More commonly, this personal power and intentionality with high personal agency in
education psychological research has been emphasized in the notions of mastery or
mastery orientation in learning and academic achievement or meaningful learning in
contrast to learned helplessness, performance goals, or ego-orientation. These notions
are further consistent with concepts of task orientation or learning orientation (c.f.
Section 3.4.2; Ames & Archer, 1988; Atkinson et al., 1996; Boekaerts, 1995;
Borkowski et al., 1990; Dweck, 1986; Dweck & Elliot, 1983; Meece, 1994; Nicholls,
1984; Weinber, 1986). In these models, the traditional and hedonist principle of
motivation as based on attempts to maximize pleasure and minimize pain is replaced or
supplemented by the principle or goals of mastery assuming knowing, understanding,
and learning in itself as important in promoting action (Atkinson et al., 1996; Graham &
Weiner, 1996), or by notions of mindful effort investment1002 with intentional,
purposeful, metacognitively guided employment of nonautomatic (and hence effort-
demanding) mental processes (c.f., Salomon, 1987; Snow et al., 1996). In accordance
with self-theorist, socio-cognitive, or phenomenological views of learning or self-
regulation, pupils are then viewed to have an innate tendency to strive for self-
determination and competence (Deci & Ryan, 1985; Meece, 1994), further involving a
change from traditional negative toward more positive motivation. Emphasis is given,
then, to positive self-experiences as positive or high self-esteem in learning, behavior,
and self-regulation or to positively toned affective-motivational features or self-states like
enjoyment and love of learning (see, e.g., Bandura, 1993; Harter, 1985; McCombs,
1989). Unlike the traditional, more stress-based or externally fostered affective
determinants behind learning actions and intentions, theseself-experiences and processes
are suggested to generate, accompany, and sustain especially pupils´ intrinsical personal
forces or power behind their behavioral or learning processes. More intrinsically or
actively self-initiated and self-regulated activity or mastery are intertwined with more
positive affective responses, self-experiences, and self-motivation,1003 which were above
referred to as pupils´ active self-determination, truly optional mathematics learning
behaviours, or fully activated self-system processes with mathematics with higher states
of self-awareness.1004 By these self-system processes, pupils understand the relationships
between their habitual mathematical self-systems, as well as further may exceed the
effects of these or the external and traditionally emphasized negative motivational
forces1005 on their personal mathematics learning processes and experiences (see Section
7.6).  

Direct notions of the close connection between personal agency or efficient self-
regulation and motivation, or of self-motivation, are most commonly in educational
psychology included in the concept of intrinsic motivation, intrinsic goals, self-directed
orientation, or self-motivation for learning and in considerations of the connections of
these to pupils´ particular kinds of beliefs or perceptions, especially to their perceptions
of self-control and mastery (Ames, 1992a; Borkowski et al., 1990; Corno, 1994; Corno
& Kanfer, 1993; Dweck, 1986; Dweck & Elliot, 1983; Harakiewicz & Sansone, 1991;
Nicholls, 1984; Pintrich & Schrauben, 1992; Schunk, 1991; Snow et al., 1996; see also
Kanfer & Kanfer, 1991; Ryan & Stiller, 1991; Zimmerman et al., 1992).1006 These
concepts are combined with the degree of pupils´ self-directiveness in learning (Harter,
1985) and with their personal will to do the tasks (Nicholls, 1984) without any direct
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1002 In contrast with effort avoidance. 
1003 Boekaerts, 1988; Borkowski et al., 1990; Harter, 1985; McCombs, 1989; McCombs & Marzano,
1990; Zimmerman et al., 1992.
1004 See Chapter 7; Borkowski et al., 1990; McCombs & Marzano, 1990; Mills, 1991; Zimmerman,
1990.
1005 Like avoidance tendencies or resistance of even more negative consequences of behaviors (McCombs,
1991; McCombs & Marzano, 1990).
1006 In contrast to externally reinforced behavior, external or other orientation, or ego orientation (see also
Sections 3.4.2, 6.3.2., 7.2, and 7.5; Dweck & Elliot, 1983; Dweck, 1986; Lepper & Hodell, 1989;
Nicholls, 1984; 1990; Snow et al., 1996; Weiner, 1992a).



external control (Csikszentmihalyi & Nakamura, 1989; Zimmerman, 1994). These self-
motivation aspects are often derived from Deci´s (1975; 1987a) definition of intrinsic
motivation “in terms of innate needs to be competent and self-determining in relation
one´s environment.” Accordingly, intrinsic motivation is proposed to provide the energy
for willing Deci, 1987b; Csikszentmihalyi & Nakamura, 1989), and has further been
equated with self-regulated state of motivation that would then have its source in self-as-
agent (Deci & Ryan, 1985; McCombs, 1991). Pupils are seen to show high levels of
self-regulated learning and task engagement when they have intrinsic goals and interest,
and are oriented toward learning and mastery (c.f., Boekaerts, 1995; Borkowski et al.,
1990; Meece, 1994; Schunk, 1990a). The more intrinsic kind of learning goals, together
with more positive affective experiences and/or self-experiences involved in active self-
regulation and perceptions of personal agency, are then seen to result in more positive
learning experiences and outcomes.1007

More generally and traditionally, notions of true personal agency or power and truly
optional mathematics learning behaviors, can be viewed to deal with the essential
philosophic question of free will, underlined by two extreme opposite positions of free
will as entirely illusory, with human behavior seen as absolutely determined by knowable
causal processes, or again as real and ubiquitous with all human actions involving some
sort of free choice (Child, 1987). Additionally, will refers to such things as volition,
determination, and to “the mental faculty” by which one deliberately chooses or decides
one´s course of actions, or to “an instance of exercising of this faculty,” but also, e.g., to
diligent puposefulness (Morris, 1970). Deci (1975, 1987b) views will “to refer to
people´s capacity to decide how to behave and have those decisions be causal antecedents
of their behavior”. Volition or will is perceived and applied to include thence both
executive aspects of self-control and proactive or purposeful self-motivation or personal
teleology (c.f., Corno & Kanfer, 1993; Mills, 1991; Zimmerman, 1990; Zimmerman et
al., 1992). Recent volitional views of self-regulation assume the existence of a covert
psychological force or forces that control action (Corno, 1994; Kuhl, 1984; Kuhl &
Kraska, 1994), but the purpose that influences pupils´ orientation may be differentiated
from their agency or control beliefs (Paris & Byrnes, 1989; Corno, 1994). Thereby,
Boekaerts (1988) makes a difference between pupils´ willingness and their awareness
and, according to Corno (1989; 1994), motivational processes in self-regulation are
restricted to the formation of intentions (c.f. also Corno & Kanfer, 1993). Kuhl (1984)
in turn stresses the link between personal agency, awareness, and intrinsic will.
Accordingly, a sufficiently high degree of awareness is a necessary condition for
obtaining access to the involved volitional strategies; deficits in the sense of personal
agency1008 are assumed to be a product of pupils´ volitional orientation and outcome
expectations (see Chapter 7; Kuhl, 1987). As a self-regulatory deficit, Kuhl & Kraska
(1994) further present the concept of “weakness of will” related to pupils´ inability to
mobilize and overcome the procedural subsystems and the impacts of these on their
behavior in the service of their deliberately selected action alternatives. According to the
phenomenological views, the difference between will and free will or between volition
and motivation depends on the level of pupils´ self-awareness, i.e. the qualities of their
experience of personal agency, where will is defined as “an innate, or self-actualized state
of motivation, an internal self-generated desire resulting in an intentional choice”
(McCombs & Marzano, 1990, p. 52). The development of will or freedom is seen as
essentially related to the development of self-regulation (McCombs, 1989) and of skills
like awareness of decision making (Shapiro, 1987). Free will is suggested to appear,
then, as a kind of second order level of volition or as a higher level functioning and
understanding with reflective self-awareness included.1009

Within recent mathematics education research, the aspects of personal agency, will, and
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1007 Boekaerts, 1988; Borkowski et al., 1990; Dweck & Elliot, 1983; Dweck, 1986; Kuhl & Kraska,
1994; McCombs & Marzano, 1990; Meece, 1994; Mills, 1991; Nicholls, 1984.
1008 Like helplessness responses.
1009 C.f. Section 7.2 and 7.6; Iran-Nejad, 1990; McCombs & Marzano, 1990; Ridley, 1991; Whisler,
1991.



self-motivation have been pointed to as pupils´ autonomity, independence, or intentional
behaviors in their mathematics learning and problem solving (see Section 3.4.2).
Autonomity is considered as a form of executive self-determination on one´s own
learning actions, individually constructed judgments of learning actions, and personal
ability to reflect one´s own mathematics learning experiences and actions (Fennema,
1989; Fennema & Peterson, 1985; McLeod, 1992). Bereiter (1989) refers to  intentional
learners who respond to learning difficulties as problems to be solved in the attainment of
cognitive (as dustinct from task) goals (p. 616). As distinct from the schoolwork
module, the intentional learning module is seen to be organized around goals of personal
knowledge constructions rather than goals of task performance. Goldin (1992) again
points to guided discovery learning, with emphasis on imagistic representation, planning
and executive control, and affective representation. More common are the notions of
achievement or mediating behaviors such as mathematical choices, plans, and decisions
to do mathematics, or references to such optional learning behaviors actions as pupils´
persistence and willingness (see Section 7.5; Boekaerts, 1988; Fennema, 1989; Lester,
1980; McLeod, 1992; Reyes, 1984; Wolleat et al., 1980). These actions can be viewed to
relate directly to the appearance and development of pupils´ personal self-determination,
volition, and agency with respect to their mathematics learning or self-regulation
processes (see also McLeod, 1989a; 1992; Paris & Winograd, 1990). For example,
Boekaerts (1988) indicates “one´s willingness to use personal resources in the service of
a learning task,” whereas the Autonomous Learning Model includes the notions of
pupils´ willingness to persist (see Section 3.4.2; Fennema, 1989). In the case of
persistence, self-determination and personal agency or volition appear as pupils´ ability to
resist other competing goals and distractions, and to continue the intended actions toward
the goals despite difficulties. According to Weiner (1990), the becoming of choice and
persistence as key dependent variables into theories of motivation relates especially to the
acceptance of organisms as always active in nature, and he views the terms to operate as
indicators of the direction of one´s behavior (c.f. Section 7.5). 

Consistent with the suggestions offered above in Chapter 7 as well as e.g. by the
Autonomous Learning Behaviors model (see Section 3.4.2) or by the phenomenological
views of self-regulation, the more frequently pupils are involved in such actively self-
regulated learning behaviors and experiences of personal agency, the more they will
display and fulfill their true autonomity, independence, personal will, intrinsic
motivation, and self-determination goals in mathematics learning, and the more
personally rewarding, positive, and self-enhancing their mathematics learning
experiences and outcomes will be. Furthermore, this perspective is consistent with the
view that in going through truly personally meaningful experiences, pupils get involved
in their experience of unconditional self-esteem or positive self-worth and personal
commitment with goals (c.f., Borkowski et al., 1990; Harter, 1985; McCombs, 1989;
Mills, 1991; Nicholls, 1984). In these promotive self-experiental, self-regulatory, or self-
system processes, pupils´ beliefs and perceptions of self in mathematics, with respect to
their perceptions and beliefs of own personal agency in particular, were viewed to play
the most significant role. We will apply these intergative perspectives to pupils´ self-
system processes, personal mathematics learning processes, and/or the dynamics of their
affect and cognition in the next sections below in accordance with our learning model, as
well as with the attributional or socio-cognitive views of learning or the learning models
presented in Section 3.4.2. In this we emphasize the quality of pupils´ self-regulatory
processes and self-states, the quality of their self-confidence and self-efficacy or self-
control perceptions with significant affective responses or self-states in mathematics
learning. These self-system processes reflect the essential quality of their personal
mathematics learning processess and experiences, considered further against recent
mathematics education research results with affect, cognition, and self included. With
core self-system processes or higher order self-regulatory processes, high personal
agency, high control perceptions, and positive or promotive self-belief systems and self-
states in mathematics learning and performances, pupils come to understand and accept
mathematics learning processes as significant parts of their own self-system
development, in which their affect and cognition further become essentially integrated
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into their fully functioning self-system processes.1010

8.3 Self-Motivation and Personal Mathematics Learning
Processes and Experiences

The generally perceived two-way linkages between academic self-concept and
achievements in educational research strengthen the view that self-perceptions and self-
appraisals are closely and importantly intertwined with learning situations in a school
context and influence the qualities of pupils´ personal learning processes also with
respect to mathematics (c.f., Byrne, 1984; Wylie, 1979). Moreover, the special role of
mathematics in academic achievement and in societies considered in Section 6.4, together
with its central role in constituting the academic or school-related self-concept,
strengthens the idea of the significant interplay, not only of affective responses and
mathematical self-perceptions, but further of self-appraisals and the quality of personal
matematics learning processes (see Section 4.4.1; Marsh, 1990b). These aspects appear
in numerous educational studies of mathematics-related self-constructs for explaining
individual differences in mathematics achievements, performances, or problem solving,
in particular with respect to the gender-related differences in mathematics achievements or
outcomes in favor of boys.1011 In order to reveal this perceived close link between
mathematics self-concept and mathematics achievements, we applied above the recently
emhasized self-constructs of self-confidence and self-efficacy or self-control perceptions
in mathematics learning. We interpreted these self-constructs to represent  more dynamic
conceptualizations of self that we used in Chapter 6 to illustrate the central self-affects to
mathematics or pupils´ core affective self-experiences in mathematics learning situations.
Moreover, these self-constructs were viewed to have a closer connection to the here
emphasized higher order self-system processes or self-regulatory activities in
mathematics learning, and hence to our dynamic examination of affect and cognition.
Accordingly, we attach pupils´ self-confidence and self-efficacy perceptions closely to
pupils´ self-system processes and, particularly, to their core personal dynamics or core
self-system processes in mathematics learning. These core self-system processes and
experiences are here characterized as pupils´ self-motivation and personal agency with
respect to mathematics.          

In Chapter 6, we joined pupils´ mathematical self-perceptions with their significant and
highly influential affective responses to mathematics involved in their self-evaluative
processings in school mathematics learning situations, with respect to various contextual
or socio-cultural features of mathematics and its learning, or to their personal features.
The significant consequences or affective self-states (e.g., anxiety) were illustrated in
Chapter 5 through the general affect-cognition interplay. According to these
considerations, these affective states and responses may result in prevention in pupils´
mathematics learning processes, especially because of an inhibition of their higher order
or managerial mental processes. Influences of affective self-states appear then in the
qualities of pupils demanding mathematical problem solving, but we view the most
essential consequences of these states to proceed through their self-directive and self-
regulatory personal processes in mathematics learning and performances. In
consequence, the significant implications of either negative or positive core self-
perceptions or perceptions of personal agency and control can be observed in the qualities
of pupils´ self-regulatory processes and states with mathematics. These dyhamic linkages
between self-perceptions and self-beliefs, as well as related self-affects, and self-
regulation were studied in Chapter 7 in detail. In this chapter we will integrate these
considered aspects of self-systems and self-system processes by linking the qualities of
these further with the qualities of pupils´ mathematics learning actions and intentions or
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with their essential motivational-behavioral dynamics, and finally with their mathematical
performances or outcomes. Results of these personal dynamics and mathematics learning
processes are then measured in pupils´ achievement-related behaviors or self-regulatory
actions like effort expenditure, goals construction, commitment with goals, expectancies,
choices, and persistence or avoidance behaviors with mathematics. Such behaviors are
interpreted in this study, as well as in recent mathematics education research, to
importantly determine the qualities and variation of pupils´ mathematics learning
experiences and performances.1012

We integrate these central perspectives of this study by applying the aspects of personal
agency, affective self-states, and self-regulation or self-system processes to the
considered mathematical self-constructs, i.e., self-confidence, self-efficacy, causal self-
attributions, and by connecting the related research results to these self-aspects and causal
attribution model of motivation. Notions are also made with respect to the learning
models presented in Section 3.4.2. Consistent with our examinations above, we will also
here make an essential descriptive distinction in our considerations. Highly promoting,
and efficient self-motivation and self-functioning, importantly connected with active
mathematics self-regulatory and learning processes or fully functioning self-system
processes with high personal agency included are contrasted with more negative and
debilitative kinds of self-system processes and self-states with deterioration of efficient
mathematics self-regulatory and learning or performing processes, and accompanied by
lack of sense of personal control and agency, as well as highly intense negtiave self-
affects or hindering experiences with mathematics. This distinction is further linked with
the difference made above between pupils´ open self-systems and self-enhancement
aspects of mathematics learning, and their more closed self-systems and the self-
debilitative effects of these on their self-regulatory mathematics learning processes and
affective experiences with mathematics (see Sections 7.2-7.6). More generally, these
positive functional aspects are related to the above presented notions of mastery,
intentional learning, intrinsic orientation, learning orientation, or self-directed motivation
with high personal effort, independence, autonomity, self-control beliefs, as well as
responsibility included. This dynamic contrasts with coping intention, ego orientation,
performance orientation, or extrinsic orientation with fixed mathematics ability
perceptions, preference for external comparison or demonstrations of mathematics ability,
together with lack of control-beliefs, autonomity or independence viewed above to be
accompanied by highly intense and mostly negative or debilitative self-affects and
defensive behaviors with mathematics.1013 This essential divergence in pupils´ personal
mathematics learning processes and functional self-states is suited to or perceived
especially in important, unusual, or difficult mathematics learning situations. 

More specifically, we may connect this essential qualitative variation in personal
mathematics learning processes and experiences with our emphasis on the dynamic
aspects of self-systems and personal functioning, especially on our dynamic perspective
of personal agency and self-motivation (c.f. Section 7.6). This distinction was above
seen to accompany the essential variation between pupils´ high self-awareness states with
active reflection and regulation of their own mathematical beliefs or belief systems,
affective responses, and environmental aspects, as well as the effects of all these on their
personal mathematics learning processes and more dynamic kinds of regulatory
behaviors. Thereby, we view that the former promotive case and learning processes are
filled more with pupils´ situational understandings, unique perceptions and appraisals of
mathematics learning situations and context with active self-reflection, deep processing,
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1012 See Sections 3.4.1, 7.3, and 7.5; e.g., Borkowski et al., 1990; Eccles et al., 1983; Fennema, 1989;
Hackett & Betz, 1989; Hembree, 1990; Korpinen, 1990; Leder, 1992; McDonald, 1989; McLeod, 1992;
Meece et al., 1990; Reyes, 1984; Shavelson et al., 1976.
1013 Like, e.g., turning off the situation at hand or viewing the situation as boring or useless, denying the
fear experienced or the meaning of mathematics learning, or substituting the failure with efforts in
another learning situation; see Chapter 7; c.f., Bandura, 1986; Ames & Archer, 1988; Boekaerts, 1995;
Borkowski et al., 1990; Dweck & Elliot, 1983; Eccles et al., 1983; Fennema, 1989; McDonald, 1989;
McLeod, 1988; Meece, 1994; Nicholls, 1984, Weiner, 1992a; Zimmerman et al., 1992.



flexibility, and emphasis on personal agency, intentionality, and truly optional
mathematics learning behaviors, toned with basically positive or promotive self-states
and feelings of security and confidence with mathematics (see Sections 7.2, 7.4, and
8.2). The latter, more externally or habitually regulated learning processes and
responses, are joined here with weak self-knowledge or self-awareness and dominance
of habitual and/or psychologically central beliefs and beliefs systems, together with
basically intense negative affective responses, dominance of habitual behavioral patterns,
and strong influence of external aspects on pupils´ mathematics learning processes,
appraisals, and affective experiences with mathematics. We see that with these
debilitating or defectively functioning self-system processes, the influence of pupils´
stable and habitual self-systems and self-belief systems with mathematics has become
dominant with respect to their affective experiences as well as performances in
mathematics learning situations. Pupils tend to perceive and judge mathematics or
mathematical tasks and goals only in relation to these habitual and stable beliefs and belief
systems and with respect to their self-esteem or self-picture, with often involved
insecurity states, worry, and negative affective responses to self and mathematics. On the
other hand, these perceptions and appraisals give rise only to short-term positive affective
responses closely connected with external features or social acceptance of their behaviors
and outcomes, associated with responses like relief or satisfaction from others´
approvals. Accordingly, the most debilitative effects in this case are interpreted here to be
produced by the dominance of negative self-beliefs and self-appraisals with mathematics,
accompanied by avoidances of mathematics, surface processings, and emphasis on
external perceptions and self-defensive regulatory behaviors (see Sections 6.2-6.3, 7.3,
7.4, and 7.6; e.g., McCombs & Marzano, 1990; Mills, 1991; Weiner, 1986).                   

8.3.1 The Power of Self-Confidence and Self-Efficacy Perceptions

Both self-confidence reflections and self-efficacy perceptions regarding mathematics
were above enhanced into core constructs in pupils´ self-systems processes and affective
experiences in mathematics learning. These self-constructs were viewed as essentially
engaged in the emergence and influence of their personal agency or power in each of their
mathematics learning or performance situation thus representing the essential functional
and control aspects of their self with varying intensity and quality. These unique
perceptions and experiences were further connected with the qualities of their self-beliefs
and self-belief systems with mathematics that were seen to mediate effectively the impacts
of their prior mathematical experiences and achievements, as well as of the important
contextual or socio-cultural features of school mathematics learning, on their affective
responses and mathematics learning processes or performances.1014 By these self-
understandings, accompanied by highly influential self-affects and self-regulatory states,
pupils approach mathematics learning situations with respect to their various other
personal features or knowledge and belief systems and mental states, in which the
contextual or socio-cultural aspects of school mathematics learning or problem solving
represent the external impacts on these personal perceptions, states, and aspects. The
aspects linked here to these self-constructs can be viewed to carry the most direct and
essential impacts on pupils´ significant affective responses to mathematics, the qualities
of their self-directive and self-regulatory processes, and further on the qualities of their
mathematics learning processes and achievements. 

These self-constructs represent thence the most important self-referential or personal
dynamics of affect and cognition in mathematics learning. This dynamics were above
joined with  pupils´ interpretations and appraisals of self and mathematics learning
situations, their primary affect to mathematics, and with their mathematics learning
intentions, behaviors, and various self-regulatory constructions and actions. The
acccompanied self-perceptions of agency, control, and competence lie at the core of
pupils´ self-system processes, their self-actualized motivation or self-initiated and self-
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regulatory mathematics learning processes, and represent the primary role in their self-
regulatory and self-directive capacities or ability to perform the needed actions in
mathematics learning and achievement situations. These self-perceptions determine then
largely how pupils view their possibilities to promote their own mathematics learning and
how or whether they use their personal potentiality, capacity, and energy in mathematics
learning. Hence, these self-perceptions and self-appraisals inevitably either promote or
inhibite pupils´ mathematics learning and performances or motivational orientations by
self-enhancement, empowerment, and efficient employment of personal power and
agency or by affective self-decline and self-paralysation with respect to mathematics
learning. Finally, these functional effects of self-confidence and self-efficacy are here
connected with the essential gender-related differences in pupils´ mathematics learning
and their self-regulatory constructions or actions with mathematics, i.e. with the essential
gender difference in self-motivational dynamics perceived in studies of mathematics
education.   

The consequences of these self-perceptions for pupils´ mathematics learning processes or
performances and outcomes, their further mathematical perceptions, or the further
development of their mathematical self-systems are implicitly or explicitly included in the
learning models presented in Section 3.4.2. As indicated above, mathematics
achievement expectancies or expectancy judgments are conceptually related to estimates
of self-confidence or self-efficacy (or self-efficacy expectancies) with mathematics.1015

Within the traditional achievement motivational or expectancy-value models of learning,
the motivational effects and differences of the pupils´ self-perceptions and self-esteem
related affective responses are suggested to go through their task-related expectancies for
outcomes and intrinsic task value perceptions or beliefs with mathematics. These self-
directive perceptions are further viewed to influence the qualities of and differences in
pupils´ achievement behaviors named above as task choice, persistence, effort
expenditure, and performance measures, and particularly with respect to the gender-
related differences in these behaviors.1016 Thereby, self-confidence or self-efficacy
perceptions act as mediators of pupils´ mathematical knowledge and skills, mathematics
learning behaviors, mathematics goal orientations, and particularly their self-regulatory
activity.1017 The involved self-perceptions and self-appraisals are suggested to determine
whether pupils´ threat appraisals with coping behaviors or perceptions of challenge and
mastery orientation will be evoked in mathematics learning situations (Boekaerts, 1995;
c.f. also Doctor & Kahn, 1989). These notions are further consistent with the qualitative
divergence between Dweck & Elliot´s (1983) as well as Nicholls´ (1984) notions of ego
or performance orientations against learning or task orientations (see Sections 8.2.2 and
Chapter 7; e.g., Borkowski et al., 1990; Meece, 1994). Accordingly, goals for engaging
in a task together with perceived importance, utility, and interest of a task induce a “self-
constructed” context in which pupils operate (Eccles et al., 1983; Pintrich & Schrauben,
1992). 

In the Autonomous Learning Behaviors model presented in Section 3.4.2, self-confident
or self-efficacious can be viewed to be included in the notions of pupils´ internal belief
systems or affect behind their autonomous mathematics learning behaviors, mediating
further the quality of their mathematical performances or outcomes. Accordingly, these
self-perceptions act essentially behind the emergence of highly powerful mediating
learning activities considered in Chapter 7 as pupils´ self-regulatory activity with
independent thinking, choosing to do mathematics, success in solving mathematical
problems, and willingness to persist in high level cognitive mathematical tasks. This
model introduces the essential individual differences, particularly gender differences, in
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1017 Borkowski et al., 1990; Fennema, 1989; McLeod, 1992; Paris & Winograd, 1990; Pintrich &
Schrauben, 1992; Schunk, 1989a; 1990b.



self-regulatory activity and self-direction or optional mathematics learning behaviors, due
to these self-perceptions. Results of these differences would be discerned in the qualities
of pupils´ mathematical outcomes or performances in mathematical problem solving
(Fennema, 1989; c.f. also McCombs, 1989; McLeod, 1992; Seegers & Boekaerts,
1996). As we considered self-regulated and self-directed learning processes or higher
order self-system processes as the central scene for the development of pupils´ personal
agency and open self-belief systems with mathematics, we may view these self-
perceptions, then, importantly either strengthen or weaken their self-control and agency
beliefs or experiences of mastery through these autonomous mathematics learning
behaviors, especially in the face of challenge, difficulties, stressors, or competing actions
or goals in mathematics learnin (c.f., Boekaerts, 1988; Borkowski et al., 1990; Paris &
Byrnes, 1989; Carver & Scheier, 1988). Moreover, Bereiter´s (1990) intentional learning
model can be viewed to stress pupils´ learning and motivational processes as importantly
involved in their self-perceptions like mathematics self-confidence and self-efficacy with
personal agency and power. The motivational-behvaioral dynamics of these self-
perceptions are then included in autonomity or active self-direction and self-regulation of
personal learning intentions and behaviors, more intrinsical intentions, appreciations, and
goals, and deeper understanding of self, e.g. in the form of depth of understanding and
pursuing of truth (see p. 616).        

In accordance with the learning model of this study, presented in Section 3.4., we view
here the kind of pupils´ self-perceptions and self-appraisals accompanied with self-
confidence and self-efficacy constructs to constitute the higher operational personal link
or frame of reference from their mathematical self-systems or personal sets to the
functioning and qualities of their self-system processes in mathematics learning
situations. In particular, this mediating scene relates to the emergence and/ or qualities of
their essential affective self-states, personal agency or power, and higher order self-
regulatory or self-directive processes in these situations. In addition to pupils´ self-
knowledge and beliefs about their own competence and control with respect to
mathematics, these essential aspects of self-system processes are, thus, based on or
accompanied by their personal held and evoked beliefs about mathematics and its
learning, their possessed and activated mathematical knowledge and skills, their related
affective responses to mathematics, as well as their behavioral patterns in school
mathematics learning. As illustrated in the model, these features of pupils´ mathematical
self-systems are activated and further developed against the unique contextual and socio-
cultural features of school mathematics learning or performance situations, as well as
with respect to their other ongoing affective, mental, and behavioral states. These
personal features include, primarily, the degrees of their self-awareness in mathematics
learning situations. We consider the core self-processes and experiences or personal
agency with higher order self-awareness and self-regulatory processes as necessary for
pupils´ efficient use of their own cognitive and affective mathematical capacities in good
mathematical performances and promotive mathematics learning experiences. Results of
these personal dynamics can then be perceived or measured in studies on affect and
mathematics education as pupils´ higher or more frequent choices, effort, positive
expectancies, personal goals, interests, use of self-regulatory strategies, control of
affective responses to mathematics, as well as their promotive or healthy mathematics
learning styles or study habits. Finally,  these result in the found differences between
pupils´ mathematics performances, outcomes, or achievements and their affective
responses to or self-experiences with mathematics. As illustrated in Section 3.4.1, these
unique mathematics learning situations and self-experiences further build up pupils´
particular kinds of mathematical self-systems, self-beliefs, perceptions of mathematics,
as well as more stable affective responses or attitudes toward mathematics. In particular,
in the model, these unique self-system processes and experiences are viewed to affect
pupils´ more global and stable agency or control beliefs with respect to mathematics and
mathematics learning situations, their related self-affects, as well as their central self-
directive constructions or beliefs about mathematics and its learning their motivational-
behavioral patterns with mathematics and its learning.  
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Self-Confidence in Mathematics Learning Processes

Studies of mathematics self-confidence introduce this self-construct or related measures
as highly essential evaluative or affective variables influencing mathematics learning or
problem solving (see Section 4.4.2), as well as the found gender-related differences in
mathematics. In addition to mathematics importance perceptions, this self-esteem related
concept and processings on personal mathematics competence has been presented as
traits of pupils´ motivation in mathematics learning (Eccles et al., 1983; Haladyna et al.,
1983; Nicholls, 1984). Confidence in mathematics is viewed to be intertwined with
pupils´ personal mathematical knowledge and skills as such, but more importantly with
their efficient use and management of these personal resources and knowledge in a
mathematical context or learning situation (c.f. also Boekaerts, 1988; Paris & Newman,
1990). As indicated above, these measured self-perceptions relate hence to pupils´ daily
initiation, production, and control of their own mathematics learning actions and affective
responses, characterized as pupils´ confidence or doubts of their own abilities or
competence and successful mathematical goal attainment, accompanied by their most
essentialaffective experiences with mathematics.1018 By or with these states of self-doubt
or self-reliance (see Sections 4.4.2 and 6.2; c.f., Carver & Scheier, 1988), pupils come
to assess and regulate their personal mental, affective, behavioral capacity, together with
goals for self-determination, self-regulation, and ongoing or future mathematical
accomplishments. The effects appear then, for example, in the form of their constructions
and quality of personal mathematical goals, expectancies for mathematical successes or
failures, expectancies of mathematics achievement level or particular performances,
expectancies or forethought for the negative or positive affective self-states with
mathematics, and expectancies for social approval or disapproval after a mathematical
performance (see Sections 4.3, 7.3, and 7.5). 

Studeis of mathematics education reveal self-confidence as an overall personal and
affectively toned relation to mathematics and its learning, with special importance for
females´ and low achievers´ mathematics achievements or performances.1019 Confidence
and doubt are thus regarded as major determinants of who will perform poorly and who
will perform well in mathematics (c.f. also Carver & Scheier, 1988). Significant positive
correlations with mathematics achievements appear from elementary to college levels
(Aiken, 1974; Crosswhite, 1972; Fennema & Hart, 1994; Fennema & Sherman, 1977;
1978; Reyes, 1984; Shavelson et al., 1976). Moreover, when there is a gender-related
difference in mathematics achievements, there is usually also a gender-related difference
in self-confidence in favor of males (Fennema, 1989; Fennema & Sherman, 1977; Hart,
1989b; Malmivuori & Pehkonen, 1997; Reyes, 1984). Furthermore, self-confidence
appears as an important general predictor of mathematics achievements or performances
(Fennema, 1989; Malmivuori, 1996a; Malmivuori & Pehkonen, 1996). Consistent with
the Autonomous Learning Behaviors model, gender-differences are found to be related to
general or gender-related differences in participation in or avoidances of mathematics,
choices of mathematical tasks, courses, or careers, or persistence or mental or overt
withdrawal from mathematics performance situations.1020 As Carver and Scheier (1988)
state, confidence of succesful performances promotes continued effort even in the face of
difficulties, but sufficient doubt about successes promotes an impulse to disengage from
further effort. In addition, the central consequences of these self-perceptions can be
discerned in the suggestions that a degree of mathematics self-confidence imply
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significant similar differences in pupils´ perceptions of mathematics. These differences
appear in the form of general or gender-differences in the significant and self-directive
mathematics value or usefullness perceptions, in perceptions of importance or difficulty,
and in self-attributions for personal mathematical successes or failures (see Section
7.3.3, 7.5, and 8.3; Borkowski et al., 1990; Eccles et al., 1983; Fennema, 1989;
Kloosterman, 1988; Leder, 1992; Malmivuori, 1996b; McLeod, 1989a; 1992).
Accordingly, these linkages further either promote or debilitate pupils´ personal power or
mathematics learning processes, experiences, and performances (e.g., Dweck & Elliot,
1983; Eccles et al., 1983; Meece et al., 1990).        

Self-Efficacy Perceptions and Mathematics Learning

As indicated above, self-efficacy as a theoretical construct, as well as the related studies
of these self-perceptions, are seen here to have even stronger connections to the kind of
self-appraisals and experiences or notions of personal agency, internal control, and
higher order self-regulatory processes in learning than the notions and studies with self-
confidence. Although the early research on self-efficacy dealt with coping behaviors in
general aversive experiences (see Bandura, 1986; Doctor & Kahn, 1989; Schunk,
1989a), recent developments of the construct in the educational research domain tend to
focus on the promotive effects of self-efficacy perceptions or beliefs on learning and self-
regulation. This self-construct and related measures are most commonly included in
developments of self-regulated learning with respect to the general achievement or
expectancy-value theories of motivation. Generally, the construct has been seen to
operate both behind achievement expectancies and/or goal constructions and domain-
specific value perceptions (Bandura, 1986; 1994; Meece et al., 1990; Schunk, 1984;
1989b; Zimmerman, 1989b; Weiner, 1992b). In fact, Bandura (1993) sees that the
predictiveness of expectancy-value theory is greatly enhanced by including the self-
efficacy determinant (p. 130). Accordingly, self-efficacy for learning cognitive skills is
suggested to influence pupils´ cognition, motivation, and affective or selection processes
(Bandura, 1993; Schunk, 1989a; Zimmerman et al., 1992), but even more critically the
related self-perceptions are viewed to enhance learning by motivating pupils to self-
regulate their own learning.1021 Beliefs in self-efficacy for self-regulated learning are
found to affect perceived self-efficacy and confidence for academic achievement, which
in turn are seen to influence academic self-motivation in the form of academic goals and
commitment with goals, and hence final academic achievement.1022 According to Bandura
(1994), “A high sense of self-efficacy pays off in performance accomplisments and
personal well-being” (p. 5517). 

Like self-confidence constructs, self-efficacy scales were also above seen to consist of
measurement of self-assurances or self-doubts of both personal mathematical abilities and
effort, and to be closely related to pupils´ expectancies for their own mathematical
successes or failures.1023 Accordingly, we placed these two self-constructs and self-
appraisals on the same level with mathematics self-confidence with respect to their role
and learning effects that these are suggested here to have on pupils´ personal mathematics
learning processes and experiences (c.f., Hackett & Betz, 1989; Paris & Winograd,
1990; Zimmerman et al., 1992). However, the related socio-cognitive research was
viewed above to offer a more apparent link between pupils´ agency perceptions or high
control beliefs and the essential quality of their mathematics learning. The construct has
been viewed to constitute optimal internal conditions for acquisition of new skills and for
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1021 Pintrich & DeGroot, 1990; Pintrich & Schrauben, 1992; Zimmerman, 1989b; Zimmerman &
Martinez-Pons, 1992.
1022 Bandura, 1993; Pintrich & DeGroot, 1990; Pokey & Blumenfeld, 1990; Schunk, 1989b; 1990a;
Zimmerman, 1989b; 1990; Zimmerman et al., 1992.
1023 See Sections 4.4.2 and 6.2; e.g., Hackett & Betz, 1989; Meece et al., 1990; Pintrich & De Groot,
1990; Pintrich & Schrauben, 1992; Schunk, 1989b.



efficient direction and regulation of one´s own learning and motivational processes.1024

Moreover, the fact the motivational effects of self-efficacy perceptions would apply
especially to personally threatening or difficult circumstances (see Sections 4.4.2 and
6.2; Bandura, 1977a; Doctor & Kahn, 1989; Zimmerman, 1989b) can be seen to imply
related applications and studies, particularly to mathematics educational domains (c.f.,
Schunk, 1981; 1982; Norwich, 1987). According to this, self-efficacy is seen to
contribute to development of cognitive skills directly and by sustaining perseverant effort
in the face of difficulties, boring tasks, failures, or negative effects of prior performances
(Bandura, 1993). These motivational-behavioral dynamics, characteristic for self-
regulated learners, are suggested to proceed by setting challenging goals, applying
appropriate strategies to achieve the goals, and by enlisting other self-regulatory
influences that motivate and guide one´s efforts, for example, anticipation of likely
outcomes, planning courses of action, management of time and environment, and
translating these further into incentives and appropriate action through self-regulatory
mechanisms.1025

8.3.2 The Involved Two Self-Regulatory Lines

Finally, we will integrate the essential functional self-regulatory and self-motivational
effects of pupils´ mathematics self-confidence or self-efficacy perceptions that are here
joined in particular with the emergence or debilitation of their personal agency, power,
and will in their personal mathematics learning processes. We introduce the two extremes
in the qualities of system processes in mathematics learning or performances and problem
solving. This will be examined with respect to related research results and our
developments presented in the chapters above, especially to the essential and indirect
distinctions in pupils´ affective and self-regulatory states and self-directive processes
with mathematics learning. The core variation in these self-system processes and
experiences made above is then based on pupils´ high or low (strong or weak) measured
mathematics self-confidence or self-efficacy, intertwined with a high or low sense of
personal agency and power with respect to school mathematics and mathematics learning
situations. The debilitative line in these illustrations relates more to the research results
with self-confidence in mathematics education, whereas the presented promotive line has
it basis more in the suggestions and research results with self-efficacy perceptions
performed in recent general education research or in studies of mathematics education.
This line was reflected also in the previous developments and research results considered
in Chapters 4-6.                       

The negative effects of or defectively functioning self-system processes with low self-
confidence or self-efficacy reflections in mathematics learning concern pupils´ negative
self-beliefs and/or inflexible or closed self-belief systems with respect to mathematics.
These appear in the form of weak self-knowledge or self-consciousness, negative
individual-environmental (mental) interaction behind their affective responses and self-
regulatory actions with mathematics, and the emergence of their interfering and
debilitative self-esteem related appraisals with self-doubts, worries, and deleterious self-
focus, as well as accompanied highly influential negative affective self-states in
mathematics learning situations (see Section 7.3). Low self-confidence or self-efficacy
with doubts of competence and control are most apparently reflected in significant
negatively self-appraisals filled with debilitative self-affects (see Section 7.4.1) and self-
defensive behaviors. These appear due to interpreted previous negative or preventive
mathematics learning experiences, negative or inadequate self-systems and affective
responses to mathematics, and/or to various environmental features of mathematics
learning situations that have direct effects on self-system and mathematics learning
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processes or experiences.1026 The accompanied ego-related or threat appraisals with
anticipation of failure scenarios are embellished by the most intense and hindering
negative affective self-states, like high anxiety, stress, and even fear or panic reactions in
mathematics learning situations.1027

According to notions of the affective-cognitive interplay presented in Section 5.3, these
kinds of hindering mental and affective self-states will interfere directly with pupils´
possibilities for efficient task involvement or cognitive engagement and for efficient use
of their personal mathematical resources or capacities. These effects lead to an instant
decline in pupils´ performance, learning activity, problem solving, and realization of their
own mathematical intentions and goals, but more importantly these interfere with their
activation and sustenance of strategic activity or higher order self-regulatory and self-
system processes in mathematical learning situations.1028 Pupils´ self-regulatory processes
can be characerized by notions of coping intentions or behaviors with the activation of
defensive tactics and the kind of regulatory processes named above as affective regulation
by dominantly negative affective responses (see Section 7.4.1; e.g., Boekaerts, 1995;
Carver & Scheier, 1988; Nicholls, 1984; Paris & Newman, 1990; Ryan & Stiller, 1991).
Results of these kinds of self-system processes are then perceived as pupils´ avoidances
or off-task behaviors in mathematics learning situations, together with automatic
activation, dominance, as well as strengthening of their habitual and often hindrance or
distracting mathematics behavioral patterns, in which direct environmental influences
dominate their self-appraisals, as well as self-regulatory behaviors with mathematics. 

In this debiltative line, with low self-confidence or self-efficacy perceptions, we view in
particular pupils´experienced insecurity or self-doubts of personal capability and control
or debilitation of their coping efficacy with their affective responses or with the
environment as intertwined with pupils´ lack of higher self-awareness, of a sense of their
own personal agency and power with respect to mathematics. These result in serious
debilitations in their higher order or efficient self-regulation of their own personal
learning processes and affective states, but even more generally in their motivational-
behavioral dynamics in mathematics learning. These experiences and self-perceptions
doom their positive incentives, expectancies for success, or positive self-views with
respect to their own mathematical ability and outcomes, as well as the functioning of their
deeper, self-directed, and/or intrinsic motivational dynamics with goals of self-
determination and personal will (see Section 8.2.2; Borkowski et al., 1990; Deci &
Ryan, 1985; Harackiewicz & Sansone, 1991; McCombs & Marzano, 1990; Nicholls,
1984; Paris & Byrnes, 1989). The effects of these can be perceived in pupils´ avoidances
or off-task behaviors with mathematics, in giving up initiated solving performances,1029 in
low mathematics performance intensity,1030 in poorly structured or inadequate personal
mathematics learning goals or plans, in learned helplessness behaviors, in passive
failures, and finally in their actual poor course of mathematical problem solving or
performances and outcomes.1031 These debilitative effects and personal dynamics, or
debilitative affect-cognition interplay, apply especially to pupils with overall negative self-
beliefs or global negative sense of self-esteem and closed self-belief systems with
mathematics, but also to pupils with strong fixed mathematics ability beliefs and
sustenance of ego-orientations and/or well-being mode with respect to mathematics and
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1026 See Sections 6.4 and 7.3; e.g., McCombs & Marzano, 1990.
1027 See Sections 5.2 and 6.2; Bandura, 1986; 1993; Boekaerts, 1995; Borkowski et al., 1990; Eccles et
al. 1983; Fennema & Sherman, 1976; Meece et al., 1990; McCombs, 1989; McDonald, 1989; McLeod,
1989a; Nicholls, 1984; Ryan & Stiller, 1991.
1028 E.g., Borkowski et al., 1990; Lester et al., 1989; Mandler, 1989; McLeod, 1988; 1989c; Carver &
Scheier, 1988.
1029 E.g., decisions to turn off from a mathematics achievement situation (see Section 7.5).
1030 E.g., lack of persistence in the face of difficulties or failure (see Section 7.5).
1031 Bandura, 1986; 1993; Borkowski et al., 1990; Fennema, 1989; Hart, 1993; Markus & Nurius, 1987;
Marshall, 1989; McDonald, 1989; McLeod, 1989b; Paris & Newman, 1990; Reyes, 1984; Schunk,
1989a; Weiner, 1990.



its learning (see Sections 6.2-6.4 and 7.3.).         

Repetition of these kinds of negative affective self-experiences and prevented self-
regulatory and self-system processes with mathematics will develop or strengthen the
affective responses, intentions, and behavioral patterns with mathematics that come to
distract pupils from mathematics or cause disengagement with or avoidances of
mathematical tasks and objects, and to hinder their mathematics learning or performances
and problem solving, as well as the development of more flexible, healthy, and efficient
self-systems with respect to mathematics. This causes further impairment of their core
self-system processes with truly optional mathematics learning experiences and
behaviors, personal agency, and self-control beliefs and perceptions with mathematics,
leading to far-reaching motivational decisions of not to study mathematics in the future or
not to choose more advanced mathematical courses or mathematics-related courses and
careers in general (Borkowski et al., 1990; Fennema, 1989; Fennema & Sherman, 1977;
Hackett & Betz, 1989; 1992; Harter, 1985; Leder, 1992; McCombs, 1989; McDonald,
1989; McLeod, 1992; Reyes, 1984; Wolleat et al., 1980; Weiner, 1992a). Moreover,
these effects will strengthen pupils´ negative perceptions of mathematics and mathematics
learning that are measured as ratings of mathematics difficulty, low intrinsic mathematics
task value or importance, lack of promotive self-attributions or generally fewer
attributions for mathematical outcomes, and entity or fixed views of their mathematical
ability (see also Section 8.5; Borkowski et al., 1990; Eccles et al., 1983; Dweck, 1986;
Kloosterman, 1988; Malmivuori, 1996a; 1996b; Meece et al., 1990).

The other, highly self-promoting line, deals with pupils´ high self-confidence or self-
efficacy perceptions with mathematics. Instead of the direction of attention to task-
irrelevant hints to evaluate or verify the amount of their own personal mathematical ability
or competence and control, pupils are free or more prone to focus on the mathematical
tasks or performance at hand when they experience high mathematics confidence or
efficacy. Their self-appraisals and self-judgments in a mathematics learning situation are
more probably intertwined with the perceived challenge of the situation, with positive
expectancies for their own success, and with efficient self-directive constructions and
self-regulatory acts with their mathematical beliefs, affective responses, intentions and
behaviors. The promotive self-reflections can be attached not so much to pupils´
assurance of their personal mathematical ability, competence, or capacity in the face of
difficulties than to their reliance on their own personal power and the possibility to
actively direct their mathematics learning processes and experiences, as well as to have
control over possible ruminating thoughts or the environmental effects on these (see also
Section 7.6). These self-system processes are filled with pupils´ positive perceptions of
their own coping and control efficacy with respect to mathematics (c.f., Bandura, 1993).
In consequence, this kind of self-system processes can be characterized to relate to
perceptions of mathematics learning situations as places for active application and
enhancement of personal potentiality, agency, and capabilities. In this case mathematical
tasks or performances do not represent threats to pupils´ ego or self-image, but instead
are seen by them to increase their possibilities to self-promotion or self-enhancement and
positive self-experiences or self-fulfillment.                      

The positive self-perceptions and self-judgments with assurance, confidence, positive or
success expectancies, and promotive or positive affective self-states constitute a context
for efficient cognitive processes and engagement in mathematics learning situations (see
Sections 5.3-5.4 and Chaper 6). These are measured in the form of a higher amount of or
more efficient cognitive strategy use or deeper processing strategies, and in particular in
pupils´ more efficient and adequate use of metacognitive or self-regulative strategies in
mathematical performances.1032 Moreover, the perceptions of challenge and focus on task
characteristic directly result in pupils´ behavioral intentions that start or continue their
activity for efficient mathematics learning and performance with accompanied promotive
self-states (see Section 7.4.2; Boekaerts, 1995). More importantly, these positive self-
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perceptions are viewed here to imply the emergence, activation, and sustenance of
efficient self-regulatory processes or core self-system processes with active regulation
and control taking over personal mathematics learning or performance processes,
environmental effects, as well as of affective responses and mental self-states. High self-
knowledge and high self-awareness states with high personal agency and power with
respect to mathematics are promoted (see Sections 7.3, 7.4.2, 7.5, and 7.6). 

Essential effects of these self-perceptions on pupils´ mathematics learning or performance
are importantly intertwined with the enhancement of their self-regulatory processes and
states  and hence their core personal dynamics with respect to mathematics. These consist
of such aspect as pupils´ efficient allocation of their own personal mathematical
knowledge, skills, or capabilities and active strategic self-regulatory behaviors at higher
states of self-awareness with efficient overall self-control activity (see Sections 7.3-7.5).
More importantly, these promotive effects have to do with significant self-motivational
aspects in the form of activation, construction, or maintenance of positive forethoughts,
expectancies, and affective self-states, various other positive self-incentives, as well as in
the form of adequate or higher personal goals and intentions for mathematics learning,
mathematical performances, and for self-regulation of their personal mathematics learning
processes and experiences (see Section 7.3.2 and 7.5; Bandura, 1993; Fennema, 1989;
Eccles et al., 1983; Hart, 1993; Malmivuori, 1995; Meece, 1994; Schunk, 1990a;
Zimmerman et al., 1992). The involved efficient and promotive self-system processes
and states will significantly increase pupils´ ability to resist the possible hindering
environmental or self-induced effects in the form of negative self-appraisals and affective
arousals or responses to mathematics or, e.g., worry or confusion often perceived in
mathematical performances and during solving unusual or difficult mathematical
problems. Accordingly, high self-confidence and self-efficacy perceptions protect and
promote pupils´ personal quantitative and/or qualitative effort, as well as their
commitment with and attainment of mathematical goals and performances.1033 The
accmpanied fully functioning self-system processes, in fact, constitue a dynamic personal
scene between pupils´ habitual self-systems or environmental effects and their self-
directed mathematics learning and learning experiences (see Section 7.6).  

These promotive qualities of personal learning processes were characterized above by
mastery, learning, or task orientation, intrinsic orientation or motivation, interest,
curiosity, independence, autonomity, intentional learning, and positive affective
experiences with high personal power or sense of self-determination with respect to
mathematics (see Section 8.2). High intrinsic or personal will, willingness to do and
study mathematics, and truly optional mathematics learning behaviors are accompanied
(Harackiewicz & Sansone, 1991; McCombs & Marzano, 1990; Ryan & Stiller, 1991;
Whisler, 1991), causing more frequent mathematical successes and higher persistence
with mathematics (Fennema, 1989; Reyes, 1984), higher effort, higher mathematical
outcomes or achievements and more frequent choices of mathematical activities, tasks,
courses, and careers.1034 Mathematics learning is then accepted by pupils into a central
domain or means for enhancing their personal self-system processes, self-fulfillment and
self-development. Finally, we may notice that the opposite qualitative lines of self-system
processes presented above may be consistent with the differences in males´ from
females´ mathematics achievements and choices as related to the differences in pupils´
self-confidence or self-efficacy perceptions in favor of males´ (see Section 8.3.1), where
the strongest difference may be among high- or middle achieving pupils (Meece &
Courtney, 1992; Malmivuori & Pehkonen, 1997). The more positive and promotive
performances and experience with mathematics, especially experiences of high personal
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agency, control, and power with efficient self-regulation or self-system processes,
represent the central aspect in developing or strengthening pupils´ high self-confidence
and self-efficacy belief with mathematics, positive affective responses and attitudes
toward mathematics, more frequent attributions or self-monitoring, preference for effort
attributions with mathematics, and beliefs about mathematics as useful and important or
intrinsic mathematics task value. All of this enhances pupils´ mathematical knowledge,
skills, and experiences with mathematics.1035

8.4 Self-Motivation and Agency in Causal Thinking

One important cognitive mediation model of achievement motivation involving affect and
applied in mathematics education research, especially with respect to gender-related
differences, is represented by the attributional model of achievement motivation presented
by Weiner (1979; 1986). Although recent motivational psychology includes different
approaches, concepts, and theories difficult to link directly together (Weiner, 1990), this
model can be viewed to combine the various aspects usually attached to achievement
motivation. More specifically, it is adapted to descriptions of the role of self-evaluations,
self-judgments, and self-esteem related affective responses in motivational-behavioral
dynamics within educational research (c.f., Bandura, 1993; Borkowski et al., 1990;
Dweck, 1986; McCombs, 1989). Accordingly, in Chapter 6 we applied this model in
order to reveal the central role of self-attributions in causal thinking and especially in the
affect-cognition linkages between self-appraisals and self-affects. Within the mathematics
education research domain, the model has been applied directly to and also as involved in
other learning models, including the models presented in Section 3.4.2.1036 In this
section, we will use the model as a theoretical framework for illustrating the self-system
processes in mathematics learning and achievement as based on pupils´ self-beliefs
andself self-perceptions, self-appraisals, and accompanied self-affects. we will focus, in
particular, on those aspects or motivational-behavioral dynamics that were above
interpreted to be included in the manifestation and development of pupils´ self-regulatory
personal dynamics, personal agency and power in mathematics learning, performances,
and outcomes. Accordingly, we apply the model to reveal in detail the self-motivational
or self-directive aspects intertwined with significant affective self-states and, finally, to
the qualities of pupils´ personal mathematics learning processes and outcomes.
Moreover, as referred to above, we interpret this attribution model to create a linkage
from socio-culturally held and reinforced achievement-related beliefs to pupils´ personal
mathematics learning processes and affective experiences. In particular, this individual-
environmental (mental) interaction is viewed here to go through self-interpretative and
self-regulatory patterns or processes, accompanied by significant affective self-states
with mathematics.                

The generally high importance of success and failure perceptions in academic
achievements and for self-perceptions in mathematics in particular (see Section 6.4)
makes the causal attribution model especially appropriate not only for illustrating pupils´
significant self-affects to mathematics (see Section 6.3), but also for further interpreting
the important effects of these self-states on their self-regulatory patterns or self-
motivation and learning actions with mathematics. These aspects are specially linked here
with the effects of pupils´ personal agency and self-control beliefs and perceptions with
respect to mathematics, mathematical performances, and achievements (c.f. also
Borkowski et al., 1990; McCombs, 1989). These effects were above suggested to
essentially operate behind promotive and self-enhancing interpretative and self-regulatory
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motivational patterns and states with mathematics (see Section 8.2). Accordingly, a
central role in our considerations is given, again, to the effects of pupils´ internal or self-
related attributions of mathematics ability and effort, in contrast to external ascriptions to
mathematical outcomes. Also more generally, these self-attributions are acknowledged to
reflect differences in self-concept or self-belief systems and to mediate important
differences on learning, cognitive engagement, strategy knowledge acquisition or
employment, performances on challenging tasks, and motivation in educational research
between high and low achievers, between learning disabled and gifted or skilled pupils,
or between males and females in general and in mathematics education research.1037

As indictaed above, interpretations attached here to the causal attribution model are
consistent with socio-cognitive models of learning and self-regulation, with self-theories
or self-worth motivational theories,1038 as well as with the learning models presented in
Section 3-4-2. They are also adapted to our learning model in Section 3.4.3. As a form
of emotionally charged metacognitions or metacognitive beliefs (Paris & Winograd,
1990, p. 25), attributional perceptions are viewed either to facilitate or debilitate cognitive
and motivational activity or development by influencing significantly the development of
positive or negative self-worth, and hence further self-determination and self-regulatory
behaviors (see Section 8.2.1; e.g., Borkowski et al., 1990; Borkowski & Thorpe, 1994;
Harter, 1985; McCombs, 1989; Paris & Winograd, 1990). More specifically, the
involved categories of ability and effort attributions for success have been recently joined
with notions of self-efficacy beliefs and perceptions. Accordingly, self-efficacy is seen to
influence causal attributions and causal attributions to influence motivation, performance,
and affective reactions mainly through beliefs of self-efficacy (Bandura, 1993, p. 128).
Schunk (1994) views that attributions enter into self-regulation during pupils´ self-
judgment and self-reaction stages as they compare and evaluate their own performances
(p. 82; see also Paris & Winograd, 1990), the self-interpretative and self-regulatory
aspects and effects attached here to causal attributions and learning model are hence
consistent with those made in Section 8.3 above with respect to pupils´ mathematical
self-confidence or self-efficacy perceptions. Thereby,  the connections between personal
agency, self-regulation, and mathematical performances are emphasized.1039 These core
self-appraisals and self-regulatory and self-motivational aspects are illustrated, then, as
related to pupils´ perceptions of or again lack of internal locus of control and effort-
related attributions for mathematical outcomes. 

The Structure of the Model

By referring to his causal attribution model, Weiner (1986) distinguishes between
historical motivation models and ahistorical models of motivation that are viewed to be
based on a mere typical expectancy shift1040 and the incentive value of expectancies of goal
attainment, as it is the case with traditional expectancy-value models. On the other hand,
his historical approach to motivation take significant notice of retrospective self-
interpretations and the effects of past performances on affect as well as on achievement
behaviors. Accordingly, the motivational-behavioral dynamic is linked to expectancy
changes or shifts, but more as caused by pupils´ personal interpretations of past
performances and related affective responses than by unambiguous future expectancies.
These interpretations, through expectancies and accompanied significant and truly
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1037 E.g., Bandura, 1986; Borkowski et al., 1990; Dweck, 1986; Eccles et al., 1983; Fennema, 1989;
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1983; Kloosterman, 1988; Paris & Winograd, 1990; Schunk, 1989a.
1040 I.e., an increase in expectancies and motivation after a success and a decrease after a failure (Stipek &
Gralinski, 1991; Weiner, 1986).



experienced affect against context, result in changes in pupils´ choices, persistence,
performance intensity and other achievement related actions (Weiner, 1992a). The
interpretations included in causal ascriptions would be influenced by pupils´ previous
experiences,1041 by their personal patterns of causal thinking and values, goal structures,
or beliefs about learning,1042 and by their other personal or socially determined goals,
patterns of self-evaluations, self-belief systems, or aspirations like hedonic biases and
social norms (see Sections 6.4 and 8.5; c.f., Borkowski & Thorpe, 1994; Heckhausen,
1987; Peterson & Seligman, 1987; Weiner, 1992b; Wigfield, 1994). To these influential
personal or socio-cultural features we may add various situational and unique or other
more stable personal characteristics and contextual factors influencing pupils´
perceptions, appraisals, and school mathematics performances (see Section 6.4.2-6.4.3).
More specifically, within attributional studies personality features have been referred to
as, e.g., general depressive or helplessness styles, failure against success motivation,
and/or self-enhancement against self-debilitation motivation (Heckhausen, 1987; Weiner,
1986). These effects are used to differ between high and low achievers´ attributions and
motivation, and also between those of males and females. these kinds of personality
effects may then be discerned e.g. in the stronger influence of past mathematical
performances on future task expectancies among males than those of females (Meece et
al., 1990), but in particular in the found rather consistent differences between males´ and
females´ causal attributional patterns with their own mathematical performances (see
Sections 4.4.3 and 6.3). The attributional learning model is presented in Figure 8.1
below (see also Figure 6.2). 

Antecedent  ----> Perceived   ----> Causal  ----> Primary  ----> Consequences
Conditions Causes Dimensions Effects

Specific 
information Ability Stability  -----> Expectancy  -----> Performance 

Globality change intensity
Causal beliefs Effort (hope and Persistence

helplessness Choice
Hedonic bias Task Locus      -----> Esteem-related Others

affects (pride)
Luck

Control    -----> Social-related 
affects (guilt and
shame)

Figure 8.1. The causal attribution model of achievement motivation by Weiner (1986, p. 162; 
1992a)

Weiner links the primary cognitive-motivational impacts of causal thinking to the stability
dimension of attributions after perceived failure or success. According to the expectancy
principle (1986, p. 114-115), changes in expectancy of success following an outcome
are influenced by the perceived stability of the cause of the event along with three
corollaries (p. 115). 

Corollary 1: If the outcome of an event is ascribed to a stable cause, then that outcome
will be anticipated with increased certainty, or with an increased expectancy, in the
future.
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Corollary 2: If the outcome of an event is ascribed to an unstable cause, then the
certainty or expectancy of that outcome may be unchanged or the future may be
anticipated to be different from the past.

Corollary 3: Outcomes ascribed to stable causes will be anticipated to be repeated in the
future with a greater degree of certainty than are outcomes ascribed to unstable causes.     

According to the corollaries, stability of causal attributions basically predict positive
expectancies in mathematics success situations with enhanced hope and confidence
resulting in increased persistence, choices, and performances with mathematics. On the
other hand, stability of attributions in mathematics failure situations are related to pupils´
low expectancies of their own future mathematical outcomes with decreased persistence,
choices, and performances in mathematics. Effects of this stability dimension are further
strengthened by taking notice of perceived globality of the attributions over situations
(c.f. also Section; Heckhausen, 1987). Accordingly, stable and global attributions would
be intertwined with high anxiety and even depression resulting in highly debilitative
motivational-behavioral patterns of helplessness in failure situations, whereas high
confidence and expectancies for future mathematical outcomes in success situations
would result with these attributions. However, as Weiner (1992a) states, the impacts of
causal attributions always depend on how pupils themselves interpret the properties of
perceived causes,1043 that is, whether or not they view mathematical ability as stable,
global, or uncontrollable. Below we will consider these motivational-behavioral effects
of pupils´ causal interpretations attached to their own mathematical failures or successes.
We will make distinctions between their external and internal attributions, and particularly
between their effort and stable ability attributions, by emphasizing in this way the role of
self-control beliefs and personal agency perceptions in self-directed mathematics learning
processes. These aspects in pupils´ causal thinking, together with accompanied highly
influential self-affects or self-states with mathematics, importantly influence the quality of
their self-regulation and core self-system processes with mathematics, and finally the
qualities of their mathematics achievement behaviors and outcomes. 

Effects of Causal Attributions on Mathematics Learning

All the above presented causal attributions and dimensions in causal thinking can be
viewed to reflect the qualities of pupils´ self-beliefs and general self-confidence or self-
efficacy with respect to mathematics and its learning and, in turn, to influence their
further perceptions of, feelings with, and self-system processes in their own future
mathematical behaviors and intentions. In particular, this applies to unexpected,
important, and/or mathematics failure situations.1044 In consequence, pupils´ attributions
for their own failures in mathematics exams can be viewed to represent a significant
example and context for these self-involved and self-directive considerations (Borkowski
et al., 1990; Epstein, 1986; Malmivuori, 1995), especially for the effects of their effort or
stable mathematics ability attributions. In general, stable causes such as low overall
mathematics ability, consistent mathematics or task difficulty, continued teacher bias
ascribed to mathematical failures (see also Section 4.4.3) result in basically negative
affective responses1045 and hopelessness, with strong expectancies of new mathematical
failures in the future. These perceptions result in lowered self-motivation with weakened
persistence, performance intensity, and fewer choices with mathematics learning, and
finally in poor mathematical performances or learning. The perceived globality of these
attributions will make these negative effects even more powerful and dominant in
mathematics failure situations. Within the framework of actively self-directed and self-
motivated mathematics learning, this means that pupils´ sense of personal influence,
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1043 And also, to which extent pupils in general engage themselves in causal processings. 
1044 C.f., Bandura, 1993; Borkowski et al., 1990; Graham & Weiner, 1987; Heckhausen, 1987.
1045 Such as sadness, frustration, shame, and lowered self-esteem responses (see Section 6.3).



power, and control with respect to mathematics and mathematical outcomes are seriously
injured. These effects, together with accompanied highly debilitating affective self-states
of hopelessness, are consistent with those notions made above with respect to low self-
confidence and self-efficacy experiences as related to future mathematics capabilites
and/or successes. In consequence, these perceptions are involved in a serious reduction
in pupils´ efficient self-regulatory activity and debilitation of their core self-system
processes in mathematics learning (see Section 8.2 and 8.3). 

Further interpretations can be made by looking at the locus and controllability dimensions
of these kinds of stable (and possibly global) attributions. For example, ascription of
external stable causes to mathematical failures, as e.g. consistent mathematics task
difficulty, may reduce pupils´ experienced shame and responsibility of poor mathematical
performances, but would also seriously inhibit the development of their higher order self-
systems and self-regulatory activity. These aspects of personal agency were above
viewed to be related to actively self-directed mathematics learning processes and
motivation that in the negative case result in self-deficits like helplessness behaviors,
failure motivation, and depression.1046 Similar effects are applicable to external and
uncontrollable causes such as bad luck or others´ bad behavior or poor assistance.
According to the model, this would not lower pupils´ expectancies and hope for future
mathematical successes. However, we see that their experiences and development of
personal agency and control with respect to mathematics are debilitated due to  the
accompanied decrease in their sense of self-influence andand personal power and in their
higher order self-system or self-regulatory processes. 

Most negative self-consequences of mathematics failure perceptions are here attached to
internal attributions of stable, global, and uncontrollable poor personal mathematical
ability, intertwined with low self-esteem and experiences of shame, high anxiety, or even
depression (see Section 6.3), together with hopelessness and weak expectancies of their
own future mathematics learning and successes. These mathematics learning experiences
seriously inhibit pupils´ future mathematical performances directly by highly intense
negative affective responses, and indirectly by debilitating their higher order self-system
processes and self-motivation. In consequence, these effects relate to inefficient self-
regulatory activity with accompanied self-worries, lack of strategic behaviors, poor goal
construction, low effort expenditure, mathematics avoidances, task withdrawals, and low
persistence with mathematics.1047 Low experienced personal power in mathematics
learning, together with strengthening of sense of incapability and weak personal agency
and control over mathematics, will result as well as deficits in self-motivation, self-
determination, and self-esteem with respect to mathematics. Pupils then become unable to
personally and efficiently engage themselves in school mathematics and mathematics
learning situations. The connection between mathematics and their personal self-systems
and self-system processes become weakened. The effects of these experiences and
processes, as with weakened self-confidence and self-efficacy perceptions, are further
discerned in pupils´ measured negative affective responses and attitudes toward
mathematics, as well as in their negative or debilitative beliefs and perceptions of
mathematics, mathematics learning, or mathematics learning goals or values (see Eccles
et al., 1983; Kloosterman, 1988; Schoenfeld, 1989; Stipek & Gralinski, 1991; Wigfield,
1994).                                          

Unlike mathematics ability or aptitude attribution, internal, unstable, and controllable
causes of temporary low effort or negligence as causes for mathematical failures are seen
here to be intertwined with pupils´ perceptions of their own personal control and
influence over mathematical performances (see Section 4.4.3). According to the
attribution model, these kinds of causes for failures would not not necessary result in
anticipation of new mathematical failures, but instead could be accompanied with
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1046 See Sections 8.2-8.3; Borkowski et al., 1990; Borkowski & Thorpe, 1994; Heckhausen, 1987;
Weiner, 1986.
1047 C.f., Borkowski et al., 1990; Borkowski & Thorpe, 1994; Pedro et al., 1981; Reyes, 1984; Stipek &
Gralinski, 1991; Weiner, 1986; 1992a; Wolleat et al., 1980; see also Sections 7.4-7.5.



renewed or strengthened positive expectancies or guilt that can be viewed to have
promotive effects on pupils´ future mathematics performance actions and effort in spite of
an encountered mathematical failure (c.f., Weiner, 1992b; Wolleat et al., 1980). these
self-assessments can be joined with self-critics, successs motivation, and active self-
regulatory and self-directive constructions and behaviors as, e.g., self-punishment or
increased self-monitoring (c.f., Borkowski & Thorpe, 1994; Heckhausen, 1987;
Schunk, 1989b; see Chapter 7). Moreover, we stress the role of enhanced self-control
and agency beliefs with mathematics that would significantly strengthen pupils´ actively
self-regulated behaviors, intentions, and motivation in mathematics learning. The effects
of these perceptions may then reflect or appear in their heightened effort, responsibility,
increased persistence, goal-directed learning actions, and deeper personal commitment to
mathematics learning.1048 In this case, pupils are aware of their agentic role and personal
influence on mathematics performances, as well as of ways for improving their
mathematics achievements or learning. Instead of representing central debilitative effects
on mathematics learning or performances, effort attributions for mathematical failures can
be regarded as efficient sustainers or arousers of pupils´ self-initiated and self-directed
mathematics achievement behaviors in the face of failures. By these assessments they
also can overcome the arousal of negative self-appraisals and affective responses such as
anxiety due to the failure perceptions (see also Sections 6.3, 7.3-7.4, and 8.2; Bandura,
1993; Meece et al., 1990), and hence enable more positive mathematical outcomes,
affective self-experiences, and perceptions in the future.1049

According to the model, the most positive effects on affective responses, as well as on
expectancy changes and, further, on achievement actions, should be accompanied by
stable attributions for successes (see Figure 8.1). Aroused happiness, together with
increased hopefulness, positive future expectancies, and confidence with their own future
mathematical performances and outcomes would create highly promotive personal and
self-experiental context for pupils´ mathematics achievement strivings and behaviors.
These effects are even more enhanced by stable and global personal and high
mathematics ability attributions, along with experienced pride and high self-esteem and
self-efficacy with respect to mathematics (see Sections 4.4.3 and 6.3). These aspects are
generally interpreted to significantly relate to better performances, higher effort, choices,
and persistence with mathematics, as well as positive perceptions of mathematics and its
learning, as, e.g., increased interest in mathematics (Fennema, 1989; McLeod, 1992;
Pedro et al., 1981; Reyes, 1984; Schoenfeld, 1989; Wolleat et al., 1980). Moreover,
these features in causal thinking are seeen to produce the significant gender-differences in
mathematics achievement behaviors, as well as in affective responses to mathematics,
due to the related differences in ability against effort attributions with mathematics.
According to this, boys more often than girls attribute their successes to high ability and
failure to temporary low effort, whereas girls more often than boys give temporary effort
attributions for their mathematical successes and low ability attributions for mathematical
failures (see Section 4.4.3; Fennema, 1989; McLeod, 1989b; Reyes, 1984; Stipek &
Gralinski, 1991). However, self-perceptions of one´s own stable mathematics ability as a
cause for mathematical successes do not necessarily enhance pupils´ agency and self-
control beliefs with respect to mathematics, and hence do not promote as such their
essential self-systems and self-regulatory or self-system processes in mathematics
learning. The most positive effects on affective self-states are generally linked to the
combination of high ability and effort attributions for successes that would maximize
positive self-esteem related responses of pride, thus enhancing both learning and
performances, whereas shame and guilt responses are seen to debilitate these processes,
due to low effort and low ability attrbutions.1050 For example, Borkowski & Thorpe
(1994) view these kinds of self-system processes to energize executive processing by
making pupils to approach tasks with confidence, to analyze tasks deliberately, to select
reasonable strategic approaches, as well as to monitor progress with diligency (p. 54).          
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1048 C.f., Bandura, 1993; Borkowski et al., 1990; Dweck, 1986; Kloosterman, 1988; Malmivuori, 1996b;
Meece, 1994; Nicholls, 1984; Schunk, 1989a; Weiner 1992b.
1049 C.f. also Bandura, 1993; Borkowski et al., 1990; Pintrich & DeGroot, 1990.
1050 See Sections 6.1-6.3; e.g., Borkowski et al., 1990; Weiner, 1986; 1992a.



The highest emphasis can, however, be laid on the role of pupils´ effort-related
attributions for mathematical successes that, especially within the recent socio-cognitive
learning theory and phenomenological considerations of self-regulated learning dealing
with personal agency perceptions, are enhanced into central aspects behind healthy
development of pupils´ strategic behavior, efficient self-regulation, and promotive self-
systems or self-system processes. Accordingly, self-esteem and self-efficacy
perceptions, as well as the positive affective and behavioural consequences of these on
pupils´ metacognition, self-regulatory activity, cognitive engagement, knowledge
transfer, and achievements, are seen to be fostered in the form of effort-related
attributions for successes, learning, and problem solving.1051 Especially in difficult
learning or performance situations these attributions and perceptions would act as
important indicators, mediators, as well as developers of pupils´ actively self-regulated
and self-directed mathematics learning. With these perceptions of self-causality, pupils
will promote their self-esteem and related positive significant self-states with
mathematics, as well as their perceptions of mathematics and actively self-regulated
mathematics performance activities (see Sections 7.3 and 8.2; Borkowski et al., 1990;
McCombs, 1989). Unlike stable (fixed) and global mathematical ability attributions,
perceptions of personal effort as causes for mathematical successes as well as failures can
hence be viewed to significantly promote pupils´ agency perceptions and self-directive
constructions and acts with higher self-awareness and highly promotive self-states with
mathematics. to these kinds of self-system processes and self-motivation were above
referred to as mastery orientation and intrinsic motivation.1052 The impacts of this kind of
self-attributions on mathematics performances and self-experiences can then be viewed
even more far-reaching and more “healthy” than the effects of their stable mathematics
ability attributions.1053 Whether there is a perceived mathematical success or a failure,
interpretations and perceptions of their personal control and influence on mathematical
actions, outcomes, and experiences will always offer pupils a powerful tool to make their
mathematical future positive. This then promotes their self-power, self-determination,
and confidence with mathematics, their overall affective responses or attitudes toward
mathematics, and their perceptions of mathematics and its learning. Together with
responsibility, personal goals, commitment with goals, promotive choices, and active
self-regulatory behaviors in mathematics learning situations, these self-system processes
will finally result in enhanced mathematical knowledge, skills, and performances,
strengthening in this way their positive and open self-systems and full activation of their
self-system processes or patterns with mathematics.    

These promotive aspects of effort attributions and perceptions for  successes considered
above can be contrasted with the more self-debilitative kind of effects linked here to
pupils´ perception of external and uncontrollable causes for their mathematical successes,
especially the effects of attributions like good luck, temporary easy tasks, or others´ help
would then accompany deficits in pupils´ agency and self-control perceptions with
respect to mathematics. By attributing their own successes to other than self-influences,
and even to aspects without any external control, it is then suggested here to imply the
most negative effects on affective self-responses or self-esteem, learning, and
achievement behaviors or strivings that undermine pupils´ self-motivation, intrinsic
motivation, and/or self-determination or development of positive and functional self-
system processes with mathematics.1054 Together with stable and global low mathematics
ability attributions for mathematical failures, these effects are attached here to serious
deficiencies in pupils´ general causal thinking patterns such as the self-esteem reducing
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1051 See Sections 7.3 and 8.5; Bandura, 1993; Borkowski et al., 1990; Borkowski & Thorpe, 1994; Deci
& Ryan, 1989; Dweck, 1986; Malmivuori, 1996b; McCombs, 1989; Paris & Byrnes, 1989; Paris &
Winograd, 1990; Pintrich & Schrauben, 1992; Schunk, 1994; Zimmerman et al., 1992.
1052 See Section 8.2; Borkowski et al., 1990; Deci & Ryan, 1985; Dweck, 1986; McCombs & Marzano,
1990; Nicholls, 1984.
1053 See also Bandura, 1993; Borkowski et al., 1990; McCombs, 1989.
1054 Borkowski et al., 1990; Dweck, 1986; Eccles et al., 1983; Heckhausen, 1987; McCombs, 1989;
Nicholls, 1984.



attribution pattern or the learned helplessness pattern with mathematics learning. The so-
called normal attributional pattern or hedonic bias with successes attributed to internal
causes and failures to external reasons (Weiner, 1986; 1992b) then become clearly
violated. These aspects produce or indicate central differences in pupils´ mathematics
self-confidence or self-efficacy and in their mathematics-related affective responses such
as anxiety and depression, in persistence, choices of tasks or courses and careers, and in
their overall mahehmatical performances.1055 More particularly, these features are linked to
the found gender differences in causal thinking and in females´ more frequent learned
helplessness pattern in contrast to that of males´ self-enhancing causal pattern or success
motivation with mathematics (see Section 4.4.3; Eccles et al., 1983; Fennema, 1989;
Heckhausen, 1987; McLeod, 1992; Reyes, 1984), this pattern is viewed to represent
central cases of dysfunctional self-systems that contrast with mastery orientation by
notions of failure motivated or failure accepting pupils, and, more importantly, to
deteriorate performances and development of or commitment to strategic behavior and
efficient self-regulation (Bandura, 1993; Borkowski et al., 1990; Dweck, 1986;
Heckhausen, 1987; McCombs, 1989; Weiner, 1992a). 

The above applied attribution model of achievement motivation represent one possible
explanation of how pupils´ self-beliefs andself- appraisals or self-judgments sustain or
give rise to highly significant affective self-experiences with mathematics, and how the
different aspects in these self-interpretations finally lead to either promotive or debilitative
effects in their personal mathematics learning processes. As Graham & Weiner (1996)
assert that “... affects are direct motivators of action. That is, we feel the way we think
and we act on the basis of these feelings” (p. 212). However, the model also explains
how pupils´ self-interpretative and causal attributional patterns are connected to their self-
system processes and how these perceptions significantly influence their self-debilitative
or self-enhancing self-system processes, as well as the developement of their
mathematical self-systems. As consistent results in mathematics education research
indicate, causal ascriptions hence represent central occasions for self-perceptions and
self-appraisals, as well as for helping pupils to develop more healthy self-states and self-
system processes and self-related motivational-behavioral dynamics in mathematical
situations, intertwined with their efficient mathematics learning and self-regulation
processes. These self-promotive effects are attached here especially to the emergence and
development of pupils´ self-influence perceptions and agency beliefs with mathematics. 

As referred to and illustrated in our examination of personal mathematics learning
processes and experiences, the self-phenomena with self-confidence, self-efficacy, as
well as causal ascriptions are involved in complex self-system processes. This
complexity is associated with the complex structural aspects of self-systems or self-belief
systems, but even more with the real dynamic aspects of pupils´ self-system processes
examined in the chapters above. More generally, high complexity can be traced to the
dynamics of affect and cognition in a social environment, or in real school learning
situations. On the other hand, the found gender differences in these dynamics confirm
that there are significant personal, contextual, as well as socio-cultural features behind
these dynamics in school mathematics learning. These operate not only behind the
appearance and variation of pupils´ self-appraisals and self-affects to mathematics, but
have significant consequences for the qualities of their self-systems, self-regulatory
processes, self-motivation, and mathematical performance actions. These effects appear,
for example, in the qualities and influence of some important and socio-culturally bound
beliefs about or behavioral patterns with mathematics and its learning, essentially
reflected in school mathematics learning contexts and daily mathematics classroom
situations. We will next pay attention to some of these contextual or socio-cultural
influences behind pupils´ self-regulatory behaviors, motivational-behavioral dynamics,
and mathematics learning processes. Finally, in Figure 8.2 we collect the essential
conclusions made above concerning the motivation-behavioral dynamics with self-
confidence, self-efficacy, and self-attributional perception nad appraisals.    
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8.5 Self-Motivation and Self-Regulation in Social Mathematics
Learning Environments

Similar to the self-interpretative patterns considered in Section 6.4 above, the quality,
functioning, and development of pupils´ self-regulatory and motivational-behavioral
patterns with respect to mathematics learning depend on various personal (stable or
situational) features, influential contextual aspects of mathematics performance and
learning situations, as well as on the socio-culturally reinforced and reflected
mathematical beliefs and behavioral or self-regulatory patterns of mathematical
communities, school communities, or of the whole society. As presented in Section 6.4,
these environmental aspects, or various kinds of external regulators of personal
mathematics learning processes, constantly interact with each other (see also e.g.
Bandura, 1986; Goldin, 1992), and become individually influential through pupils´
social interactions, or individual-environmental (mental) interactions, in a school
mathematics learning context. They act on pupils´ personal self-systems or their
mathematical beliefs, perceptions, and interpretations of self, mathematics, and
mathematical tasks, goals, and actions in mathematics learning situations. In these social
interactions and mediation of particular kind of mathematical and self-regulatory beliefs
or patterns, we will stress daily school mathematics classrooms and the role of their
teacher. These contextual functions influence as the development and emergence of
pupils´ particular kinds of motivational-behavioral or self-regulatory patterns and actions
with school mathematics and mathematical tasks or problem solving. In this individual-
environmental (mental) interaction, the teacher´s own beliefs, actions, behavioral or
instructional models, and self-regulatory beliefs and patterns represent the primary source
of these external and socio-cultural impacts. Accordingly, pupils´ personal and situational
interpretations and evaluations of self in mathematical contexts and situations accordingly
mediate the effects of their teacher´s behavior on their own mathematics learning actions
(c.f. also Ames, 1992a, p. 268; Malmivuori, 1994). 

More specifically, we may by notions of motivational-behavioral patterns refer to recent
socio-cognitive views of learning and self-regulation, emphasizing the effects of one´s
symbolizing capacity, observational learning, and modeling on behavior and self-
regulation (Bandura, 1986; Schunk, 1989b). Modeling is in these views considered as
powerful tools or mediators of vicarious affective and behavioral experiences, as well as
socio-culturally reflected behavioral patterns, where the offered models may also serve as
inhibitors, social prompters, emotional arousers, or shapers of values and conceptions of
reality (Bandura, 1986; 1994, p. 5515). Hence, the teacher´s behaviors or modeling of
behaviors in mathematics classrooms in particular represent the models and beliefs that
pupils daily perceive, interpret, and adapt to. These can point both to the general or daily
learning and instructional practices or sigificant  mathematical beliefs, and to the more
specific goals or orientational bases reinforced and reflected in mathematics classrooms in
a school context. These aspects represent the basic frames of reference along which
pupils come to construct or model, regulate, modify, and evaluate their own and others´
mathematical behaviors, intentions, as well as affective responses. In turn, the
motivational-behavioral practices and beliefs fostered and modeled in school mathematics
learning contexts derive from the consistent practices and beliefs with mathematics and its
learning mediated within prevalent and larger socio-cultural contexts or communities, as
well as from general socio-cultural views of knowing and learning (see also Section 6.4;
e.g., Cobb et al., 1992; Dweck & Elliot, 1983; Schoenfeld, 1983; Underhill, 1988).                           

We illustrate these different effects of socio-cultural or contextual environmental units of
school mathematics learning on pupils´ personal constructions, regulation, and
assessment of their own mathematics learning behaviors and intention through Figure
8.3. With respect to the reflected general models, we se that unique mathematics learning
situations represent the core places or scenes for the emergence and development of
pupils´ individual interpretations, beliefs, and behavioral practices or self-regulatory
patterns with mathematics. The largest environmental or socio-cultural contextual unit in
the figure is “culture”, which has effects on or determines the qualities of and lines for
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the behavioral patterns and beliefs with mathematics learning within smaller contextual
units or communities. These included units consist firstly of school administrative
context, various scientific mathematical communities, and home, and these in turn have
significant influences on or foster  important behavioral and self-regulatory patterns in a
school mathematics learning context, and finally, in a mathematics classroom context and
situations. Each of these contextual or socio-cultural units or communities then mediate
central socio-cultural beliefs and practices of the wider communities to be reflected in
unique mathematics learning situations. Moreover, each of these contextual units sustains
and mediates particular kinds of mathematics teaching and learning or behavioral
practices, beliefs, and goals or orientational bases reflected only within the specific
community, of which the most important contextual unit consists accordingly of unique
mathematics learning situations in classrooms, mainly directed and influenced by the
teacher. 

The other model in Figure 8.3 illustrates the idea that in every mathematics learning
situation pupils come to face the socio-cultural beliefs, general orientational bases or
goals, and teaching and learning practices and beliefs, as well as particular kinds of
behavioral patterns with mathematics, unique for each of the presented contextual units or
communities. In this, the regulatory effects of these various contextual units for pupils´
motivational- behavioral patterns and actions proceed through direct mediation of
particular kinds of socio-cultural mathematical beliefs, through stressing certain goals or
orientations for mathematics learning and performing, through specific mathematics
teaching and learning practices, and/or through modeling and reflecting particular
behavioral and self-regulatory patterns with mathematics or, e.g., in mathematical
problem solving. Moreover, in Figure 8.3 we consider general significant socio-cultural
beliefs attached to mathematics and its learning within each contextual unit or community
to constitute the main or larger developmental framework for the reflected general
orientational bases or goals with mathematics, which further have important effects on
the reinforced and mediated teaching and learning practices or goals within each unit,
and, through these practices and goals. Finally, these environmental aspects are reflected
in the forms of common or habitual behavioral or self-regulatory patterns with
mathematics, within each contextual unit.
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reflected and applied in mathematics classrooms are more often debilitative in nature, and
that the intertwined mathematical beliefs and belief systems are most often highly central,
stable, widely reflected, and difficult to change (see Sections 4.3 and 7.3.3). 

Significant socio-culturally reflected beliefs about mathematics, then, essentially
influence pupils´ self-appraisals, affective responses, as well as their self-directive or
self-regulatory actions in daily mathematics learning situations (see also Sections 6.4.3
and 7.3.3). These highly important issues concern the possibility for changing the
debilitative or hindering self-interpretative and self-regulatory effects of these kinds of
beliefs and behavioral patterns with mathematics learning. Even more specifically, these
issues relate to the question of to what extent pupils can actively reflect on those adopted
mathematical beliefs and behavioral and self-interpretative patterns, and to interrupt the
functioning or debilitative effects of these within their self-regulatory personal learning
processes and self-states when needed. As the highly promotive active regulation of their
own mathematics learning processes and affective experiences with intrinsic motivational
orientations and personal agency is in this study attached especially to the enhancement of
pupils´ self-awareness and promotive self-appraisals and  self-states with mathematics,
pupils do not necessarily have to completely abandon the socio-culturally reflected and
reinforced belief systems and behavioral or self-regulatory models in school mathematics
learning; it is enough that they are or become able to personally recognize the dominance,
influences, and power of these within or behind their own interpretations, mathematics
learning processes, and affective responses to mathematics. In this case, they can actively
and reflectively choose either to act or not to act, and to respond in accordance with these
reflected beliefs and patterns (see also Section 7.6 and Figure 7.5). 

Below, we will give examples of the role and influences of some significant socio-
culturally reflected mathematical belief constructions and other contextual features of
school mathematics learning on pupils´ self-regulatory and learning processes or patterns
with mathematics, which are often connected with gender differences in mathematics.      

8.5.1 The Role of Socio-Cultural Mathematical Beliefs in Motivational- 
Behavioral Dynamics

In Section 6.4.3 we considered the role of some significant socio-culturally reflected
beliefs about mathematics and its learning in pupils´ self-appraisals and behind their
highly influential affective responses to mathematics. We view here the self-regulatory
and affective effects of these beliefs to be mediated through the quality and influence of
pupils´ personal self-beliefs systems, beliefs and evaluations of mathematics learning or
problem solving behaviors, intentions, and goals (see Sections 7.3.2, 7.3.3, and 8.2),
especially through their beliefs and evaluations of their own competence, control, and
personal agency that were attached above further to their experiences of self-confidence,
self-efficacy, and personal power in mathematics learning. These kind of mathematical
beliefs significantly function as the basic or daily self-directive and self-regulatory
constructions along which pupils constitute or construct and evaluate their (and others´)
personal intentions, actions, and outcomes during ongoing, as well as future,
mathematics learning situations. They constantly interact with pupils´ self-beliefs and
self-belief systems with accompanied affective responses or self-states with mathematics,
against various contextual, personal, or unique situational conditions or factors in school
mathematics learning or performance situations. In Sections 7.3.2 and 7.3.3 we
considered the role of pupils´ self-belief systems and mathematics-related beliefs in their
self-regulatory processes or actions. With respect to significant socio-culturally reflected
mathematical beliefs and motivational-behavioral dynamics, we may firstly point to
beliefs about self-regulation in general or with mathematics learning or performances or
problem solving in particular. To these can be included such factors as pupils´ beliefs
about self-control, responsibility, and agency beliefs with respect to mathematics and its
learning or problem solving, but also their beliefs about the role, significance, or
usefullness of various self-regulatory or metacognitive strategies with mathematics
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learning or problem solving, their various beliefs about mathematics learning and
teaching activities, goal, or value of mathematics learning, and their beliefs about
mathematics classroom practices or roles in school context.1056 We enhanced these beliefs
the most essential beliefs operating behind pupils´ engagement in efficient self-regulation
or self-motivation in mathematics learning or performance processes. The role of
strategic beliefs and behavior with mathematics learning were considered especially in
mathematics problem solving research referred to in Sections 7.3.3 and 7.5. Moreover,
the central role and effects of beliefs about mathematics difficulty, mathematical goals,
and importances attached to mathematics were referred to in Sections 7.3.2 and 7.5. Here
we continue our considerations by having a look at the motivational effects of or patterns
with some significant and generally reflected and socio-culturally reinforced beliefs about
mathematics or its learning that then emerge and influence pupils´ core self-system
processes, self-regualtion, and their agency perceptions, or self-confidence and/or self-
efficacy perceptions with mathematics.                  

The most powerful connections have been generally viewed to occur between pupils´
beliefs and perceptions of effort and the quality, emergence, or development of their
actively self-regulated learning processes and states. As considered in Section 8.4, these
perceptions can be viewed to significantly enhance perceptions of one´s own personal
agency and influence with respect to mathematics learning and performances or
achievements. The related notions and research results are most commonly presented
against the theoretical framework stressing the impacts of pupils´ beliefs and perceptions
of the nature of intelligence or ability as changing or incremental personal capacity instead
of considering it as a fixed, stable, and global personal entity (see Sections 4.3.2 and
7.2;  Dweck, 1986; Dweck & Elliot, 1983). These primary beliefs about the nature of
mathematics and related derivative beliefs about mathematics learning related to the
studies of beliefs about mathematical ability as fixed in contrast to the incremental view of
mathematical knowledge or ability (see Section 4.3.2 and 3.4.2; Dweck & Elliot, 1983).
These behaviors are deeply intertwined with pupils´ self-belief systems and self-
appraisals with affect in mathematics learning. Accordingly, the incremental view of
mathematics ability is suggested to result in learning behaviours aimed at mastery,
seeking of personal improvement, and independent learning, and further mediated by
effort attributions for personal successes and failures, whereasthe fixed view of
mathematical ability is joined to attempts to demonstrate personal mathematical ability,
seeking of others approval, and helplessnes behaviours with mathematics, again
perceived in strong emphasis on ability related attributions for own failures and
successes. The latter behavioural style displays deficiencies in pupils´ self-regulatory
behaviours, and the former more actively regulated mathematics learning. The most
important connection between these mathematical beliefs and self-beliefs in the quality of
self-regulative activity has been joined to the quality of pupils´ perceptions or beliefs of
their own agency, self-control, and/or responsibility in learning (see Sections 6.3 and
8.2-8.5; Bandura, 1993; Borkowski et al., 1990; Dweck & Elliot, 1983; Dweck, 1986;
Malmivuori, 1996b). 

According to Bandura (1993), these beliefs, interpreted by goal theories, expectancy-
value models, or causal attribution model of motivation, all are mediated through or
influenced by the connected qualities of pupils´ self-efficacy perceptions and intertwined
affective responses. The same can be expressed for pupils´ self-confidence reflections in
relation to mathematics with involved important affective self-experiences (see Sections
6.2 and 8.4; Malmivuori, 1996b). Beliefs about personal effort as a determinant of
mathematical performances or learning enhance the sense of personal agency, self-
efficacy, and self-confidence and hence, actively self-regulated mathematics learning
(Bandura, 1993; Borkowski et al., 1990; Kloosterman, 1988; Malmivuori, 1996b;
Nicholls, 1984; Pintrich & DeGroot, 1990; Schunk, 1994; Zimmerman, 1990). The
opposite is true with fixed ability attributions and ability attributions or again external
attributions for personal mathematical performances (see Section 6.3). The involved
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attributional styles with these beliefs are suggested to either enhance or debilitate pupils´
self-assessments with accompanied highly influential affective responses, but also their
self-regulatory activity such as expectations for mathematical outcomes, choices of
mathematics, decisions to persist in mathematics learning, self-instruction and self-
reinforcement, or intrinsic motivation in mathematics.  

These beliefs about the nature of mathematics are the central beliefs behind pupils´ beliefs
about general mathematics learning, performance, or achievement goals, i.e., behind the
essential aspects of their personal learning and self-regulation processes (see Sections 4.3
and 7.3.3; e.g., Kanfer & Kanfer, 1991; Lemos, 1999; Schunk, 1990a). These
perceptions are viewed as significant arousers or sustainers of pupils´ promotive or
debilitative self-appraisals, self-affects, and self-belief systems considered above, and
hence of their experiences of high or low self-confidence, self-worth, and personal
agency with respect to mathematics (see Sections 6.1.2 and 8.4; Bandura, 1993;
Borkowski et al., 1990; McCombs, 1989; Weiner, 1986) that, in turn, produce or
develop the essential variations in pupils´ cognitive development, effort expenditure,
commitment, and self-regulation of their own mathematics learning or performance
intentions and actions (Borkowski et al., 1990; Dweck, 1986; Fennema, 1989; Harter,
1985; McCombs, 1989; Paris & Byrnes, 1989; Zimmerman et al., 1992). As indicated
above, the motivational-behavioral effects of socio-culturally reinforced beliefs about
ability, effort, and control are generally illustrated by making distinctions between
performance and learning goals (Dweck, 1986; Dweck & Elliot, 1983), between ego and
task orientation (Nicholls, 1984), between helplessness and mastery orientation (Ames,
1984; Ames & Archer, 1988; Boekaerts, 1995; Harter, 1985; Weiner, 1986), and
between extrinsic and intrinsic orientation or motivation (see Section 8.2;
Csikszentmihalyi & Nakamura, 1989; Deci, 1987a; Deci & Ryan, 1985; Harakiewicz &
Sansone, 1991). Dweck (1986) calls these rather consistent suggested orientational bases
maladaptive against adaptive motivational patterns that operate significantly behind the
differences between females´ and males´ mathematics learning patterns and performances
in the favor of males. We connected the adaptive pattern particularly to pupils´ active or
efficient and self-aware regulation and self-motivation or self-direction of their own
mathematics learning processes and experiences, together with flexible or open self-belief
systems, the emergence or experiences of high personal agency, confidence, and
promotive self-states with mathematics, finally resulting in deep learning, enhanced
mathematical successes, performances, and experiences. On the other hand, maladaptive
patterns relate to more closed self-belief systems and self-debilitative mathematics
learning and self-system processes with experienced low self-esteem and self-control or
agency, and highly intense negative affective responses in mathematics learning
situations, together with more external kinds of regulation and hence prevented self-
regulation and personal power with mathematics (see Sections 7.3-7.6).

According to Dweck (1986), beliefs about mathematics ability as stable, global, and
highly important in determining mathematics learning, performances, and achievements
are related to maladaptive patterns and behaviours with preferences for favorable ability
judgments, evaluation of mathematics achievements against those of other pupils´, and
displaying good mathematical outcomes. These assessments further bring increased
insecurity, concerns, fear of failure, and threat appraisals with highly intense negative
self-affects and/or anxiety for mathematical performances (see also Sections 6.1-6.3).
These patterns are further characterized by challenge avoidance, debilitative off-task or
avoidance behaviors and intentions, low persistence in the face of failures or difficulty,
and by choices and intentions centred on concern about personal mathematics ability
levels (Dweck, 1986), together with defensive self-regulatory strategies, e.g. in the form
of self-handicapping, defensive pessimism, self-affirmation, defensive attributional style
(see also Section 7.4.1; Garcia & Pintrich, 1994; Peterson & Seligman, 1987; Weiner,
1986). On the other hand, beliefs about mathematics knowledge, abilities, and
performances as based on high effort expenditure and views of mathematics learning and
performances as places for improving one´s own mathematical knowledge, skills, and
self-system processes, and are attached to the adaptive pattern. These effects are
connected with seeking challenge, task choices and involvement, self-set goals,
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commitment with goals, strategy implemention, high persistence, and more positive or
less negative (or frequent) affective responses toward and perceptions of mathematics
that finally result in mathematical successes and better mathematical performances or
achievements, as well as willingness to study mathematics in the future.

These illustrated patterns are consistent with the differences generally made between
pupils with ego-orientation and task-orientation or between pupils with extrinsic and
intrinsic orientations or goals (e.g., Bandura, 1993; Borkowski & Thorpe, 1994; Harter,
1985; Nicholls, 1984; Ryan & Stiller, 1991). Accordingly, ego-orientation or extrinsic
orientation is attached to social acceptance of the teacher and to pupils who approach
tasks with a focus on performances and prefer easier tasks, good grades, and (fixed)
ability attributions against those of others. On the other hand, pupils with task-orientation
or intrinsic goals focus more on learning and independent mastery with an emphasis on
effort attributions for successes as well as failures. These pupils are characterized as
mastery orientated with curiosity, interest, high persistence, and effective learning and
self-regulation strategies, in contrast to the learned helplessness pattern with stable ability
attributions for failures and external for successes (c.f. Sections 8.2-8.4; Ames, 1984;
Boekaerts, 1995; Borkowski et al., 1990; Dweck, 1986; Harter, 1985; Weiner, 1986).
Behind these motivational-behavioral patterns or orientational styles can be discerned the
high influence of socio-cultural beliefs about mathematics ability as a fixed and stable
entity or as an incremental personal factor (see also Section 6.4.3). The promotive effects
of the latter beliefs can be considered as essentially engaged with pupils´ strong effort-
related mathematics attributions and perceptions, and the debilitative effects of entity
views as involved in the stressing of fixed mathematics ability attributions and
perceptions (Kloosterman, 1988). These qualitative aspects distinguish between self-
enhancement, self-motivation, and active self-direction of mathematics learning processes
and more maladaptive, externally directed, or self-defending motivational-behavioral
patterns in mathematics learning. The former, but not the latter pattern, is perceived as
related to efficient use of cognitive and self-regulatory learning strategies (Borkowski et
al., 1990; McCombs & Marzano, 1990; Paris & Winograd, 1990; Pintrich & DeGroot,
1990; Pintrich & Garcia, 1991).1057 In addition to the basic distinction made between
extrinsic and intrinsic orientations, recent motivational developments prefer
considerations of multiple goals and suggest that both internal and external dimensions or
factors are prevalent and possible for efficient learning and regulation, and that pupils
may have both.1058

Moreover, the latter kind of ego or external orientational bases and stressing of fixed
mathematics ability may further be related to the common and mostly maladaptive beliefs
about mathematical tasks and problem solving as aimed at getting right answers as
quickly as possible. Stressing of memorization, recall of isolated facts and information,
and application of basic rules as goals or means for mathematics learning or solving
mathematical problems are linked with inefficient self-regulatory behaviors and
mathematics learning or problem solving, including the “buggy algoritms” in
mathematics and superficial or noncognitive engagement in mathematical tasks with
maladaptive strategies to minimize task involvement, with the focus more on task
completion than on thoughtful engagement (see Sections 4.3 and 7.3.3; c.f., Meece,
1994; Paris & Byrnes, 1989; Resnick, 1987). These kinds of consistent self-debilitative
beliefs and perceptions of the nature of mathematics and mathematics learning or problem
solving can be called external view of and approach to mathematics and mathematical
tasks (Malmivuori, 1996b; Malmivuori & Pehkonen, 1996). Like the motivational beliefs
above, these views seem to significantly differentiate also between the beliefs and
perceptions of males and females, but now in the favor of females, of high and low
achievers, or good and poor problem solvers, and/or of good and poor regulators with
mathematics (see Section 4.3; Malmivuori & Pehkonen, 1996, 1997). These effects are
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1057 Intrinsically motivated learning is by definition self-regulated (c.f., Ryan & Stiller, 1991, p. 120; see
Section 8.2).
1058 Ames & Archer, 1988; Harackiewicz & Sansone, 1991; Harter, 1985; Ryan & Stiller, 1991;
Wentzel, 1991.



essentially mediated through pupils´ self-beliefs, self-confidence, and self-efficacy
perceptions with related significant self-affects with respect to mathematics (Malmivuori,
1996b). 

As indicated in Section 6.4.3, the role and impacts of these kind of important socio-
cultural (external against effort- or ability related) beliefs and perceptions on pupils´ self-
systems, self-appraisals, and motivational-behavioral processes depend on the general
valuations attached to mathematics and mathematical abilities or competence see
also,e.g., Harackiewicz & Sansone, 1991), linked above with research results of beliefs
about usefullness or importance of mathematics, mathematical tasks, or problem solving.
Although these kinds of beliefs may operate importantly behind the arousal of often
debilitative self-appraisals and negative affective responses toward mathematics (c.f. also
Harackiewicz & Sansone, 1991; Wine, 1971), they are presented and found to enhance
mathematical problem solving, performances, and willingness to study mathematics.
More generally, besides self-beliefs, the notions of task value or valuing achievement are
seen as central cognitive components and important motivators of learning, goal
construction, and self-regulation (Wigfield, 1994), applied within the framework of self-
worth theories to motivation and academic achievement (see Sections 6.4.3, 7.3.3, and
8.3). Also more generally valence constructions (i.e. importance and usefullness beliefs)
are seen to be essentially involved in self-regulatory processes. In Scheier & Carver´s
(1982) model of a feedback loop system, these constitute the reference values for
individuals´ monitoring of behaviours, judgments of performance outcomes, as well as
for decision making on these interpretations. Other researchers also assume self-
regulation depending on this kind of continuing feedback of learning effectiveness,
necessarily involving reference values as important aspects of self-judgments, as well as
self-regulatory acts like choices of behaviors or formation of decisions (e.g., Corno,
1989; Kluwe, 1987; Kuhl, 1987; Mandler, 1982; Markus & Wurf, 1987; Schunk,
1989b; Zimmerman, 1990). The psychological strength in these kinds of beliefs or the
subjective importance of the reference or attainment value have thence a major impact e.g.
on pupils´ approach-withdrawal decisions or choices of activities (Scheier & Carver,
1982). Notions of volitional strategies or self-control strategies point to action-control
processes  to manage the possible distractiveness of learning or tasks (Kuhl, 1987;
Corno, 1994), again essentially affected by these kind of beliefs about mathematics.  

For example, in the role of common importance beliefs of mathematics and its learning in
pupils´ self-regulative processes, we point to Harter´s (1985) model of self-systems
based on James´ (1890/1963) notion of self-esteem as directly related to the ratio of one´s
successes to one´s aspirations in specific domains (see Section 4.4.1). Accordingly,
pupils´ domain-specific self-evaluations are essentially intertwined with the importance or
intrinsic value of these domains, resulting in highly influential affective responses like
shame and pride, but also may significantly determine the quality or appearance of their
self-monitoring activity during learning. In the case of negative self-beliefs and
perceptions, pupils´ effective self-monitoring and self-regulative acts (i.e. action
orientation) may become replaced by their self-intertwined worries and self-concern (i.e.,
state orientation) caused by their processing on (socio-culturally strengthened) high
mathematics importance. Eccles et al.´s (1983) model deals with intrinsic value
structures, utility value, and cost or attainment value perceptions.1059 We point now in
particular to the intrinsic value of mathematical competences, tasks, and learning. These
perceptions most apparently relate positively to pupils´ intrinsic interest, self-motivation,
or goal orientation in mathematics learning, willingness to study mathematics,
management of effort, and persistance in mathematical performances or problem
solving,1060 and hence to the personal dynamics behind active self-regulation processes in
mathematics learning (see also Bandura, 1986; Paris & Newman, 1990; Schunk,
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1059 On the other hand, these might be classified into intrinsic value perceptions and beliefs about the
instrumentality of mathematics learning and behaviors behind their orientation to school mathematics
(c.f., Paris & Winograd, 1990; Pintrich, 1989). 
1060 See Section 8.2; Deci & Ryan, 1985; Harackiewictz & Sansone, 1991; Harter, 1985; Pintrich &
DeGroot, 1990; Pokay & Blumenfeld, 1990; Wigfield, 1994.



1989b). More specifically, these features or views are found to significantly influence
performances indirectly through self-regulation and cognitive strategy use (Malmivuori,
1996b; Pintrich & DeGroot, 1990), through pupils´ enagagement in autonomous
mathematics learning behaviors with increased persistence and choices of challenging
mathematical  tasks, of mathematical courses, and of mathematics-related careers.
Furthermore, these perceptions distinguish between females´ and males´ motivational-
behavioral patterns with mathematics (Eccles et al., 1983; Fennema, 1989; Malmivuori,
1996b; Meece et al., 1990; Wigfield, 1994). 

Similar aspects and effects apply also, and even more, to the widely perceived general
belief about mathematics difficulty. For example, in a positive case or interaction, the
importance beliefs would enhance not only pupils´ self-perceptions as such, but further
their expectancies or mathematics learning goals, i.e. forethoughts, for their own
mathematical successes (Eccles et al., 1983; Meece et al., 1990), their effort related or
agency beliefs with mathematics (Bandura, 1993; Kloosterman, 1988; Malmivuori,
1996b), choices of mathematical activities and tasks (Eccles et al., 1983; Fennema, 1989;
Harter, 1985), as well as decisional or control processes operating behind pupils´
persistence behaviours with mathematics (Eccles et al., 1983; Fennema, 1989). In the
case of mathematics difficulty perceptions or beliefs, we may refer again to the self-
regulative effects called pupils´ pessimism in contrast to optimism by Carver & Scheier
(1988). The former involves helplessness behaviors with low expectancies for future
mathematical achievements; beliefs about mathematics easiness (or moderate difficulty)
work in opposite directions by raising pupils´ optimism with higher mathematical
expectations and goals. These interactions with valence constructions, self-beliefs, and
self-regulative processes have further appeared as the essentially gender-related
differences in pupils´ self-regulatory activity such s mathematical choices or plans due to
the similar kind of differences in their beliefs about mathematics usefullness or
mathematics importance perceptions and reverse differences with beliefs about
mathematics difficulty. And again, these connections seem to be important especially for
females´ mathematical self-system processes, even more so for females with medium
mathematical achievements (Malmivuori, 1996a; 1996b; Malmivuori & Pehkonen,
1997). More particularly, both in the case of beliefs about importance, usefullness, or
beliefs about mathematics difficulty, self-control effects concern pupils´ attempts to
control their self-evaluative processings and related affective responses in order to protect
their own mathematics learning processes from disturbances caused by these beliefs and
related negative self-perceptions and affect or various aspects of their mathematics
learning. This is confirmed by research results indicating increased self-adjustmenst or
persistence with mathematics as connected to perceptions of high mathematics
usefullness or importance, and self-adjustments or persistence diminished by high
mathematics difficulty perceptions and/or low usefullness or importance attached to
mathematics (see Section 8.5; Eccles et al., 1983; Fennema, 1989; Malmivuori, 1996b;
1999; McLeod, 1992).        

Beliefs about help-seeking have been studied by Newman and his collegues (1990,
1991, 1994) as an important single belief construction that promotes self-regulation and
self-directed learning, and further related to pupils´ other beliefs about mathematics,
mathematics learning, or social classroom interactions (see also Section 6.4; c.f., Paris &
Byrnes, 1989).1061 Newman calls this strategy adaptive help-seeking, in contrast to
dependence on others, the former being characteric for self-regulated learners, selective
in scope, and directed toward more knowledgeable or capable persons (1991; 1994;
Malmivuori, 1995, 1999). Pupils with these kinds of help-seeking abilities and beliefs
differ from learned helplessness pupils. Accordingly, positive self-perceptions and
intrinsic, in contrast to extrinsic, motivational orientations predict seeking needed help
(Newman, 1990; 1991). Generally, help-seeking is accepted and needed as mathematics
learning behaviors more than e.g. in reading, as mathematics is perceived to be a more
difficult subject (see Section 6.4.3; Newman & Goldin, 1990; Paris & Byrnes, 1989).
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However, important differences in self-regulatory behaviors, as well as mathematics
achievements, are viewed to be caused by variation of this belief or the ability to seek
assistance.                 

Especially, females´ lower willingness to study mathematics, to take advanced
mathematical courses, to choose mathematics-related courses and careers, or to avoid
successes in mathematics are suggested to be importantly related to general socio-cultural
beliefs about mathematics as a male domain (Armstrong & Price, 1982; Fennema &
Sherman, 1977; Leder, 1982). In contrast, this enhances males´ self-regulation and
motivation with respect to mathematics learning. The self-regulatory, as well as affective
effects, of this socio-cultural belief can be seen significantly through pupils´ self-
perceptions and self-appraisals in mathematics performance situations (see Section
6.4.3), accompanied by females´ self-defensive or debilitative and more frequent beliefs
and perceptions of mathematics´ low usefullness or importance and high difficulty than
that of males´, acknowledged especially among older pupils.1062 As these kinds of
important motivational-behavioral beliefs may have even higher significance for females´
interests, intentions, self-beliefs and self-confidence with mathematics than those of
males´ (Malmivuori, 1996b; Meece et al., 1990; Tocci & Engelhard, 1991), they carry
within themselves essential socio-cultural debilitative patterns for females´ learning,
engagement, and self-regulation in school mathematics learning. These are perceived as
their mathematics failure acceptance, success avoiding, and/or mathematics anxiety (or
anxiety accepting) patterns with mathematics, especially with fixed ability beliefs and
contexts.

Finally, we stressed above the dynamic features of pupils´ mathematics learning
processes, unique mathematics learning situations, and pupils´ personal agency and
functioning in mathematics learning. In spite of the influence of rather stable and socio-
culturally reinforced mathematical beliefs, as well as of pupils´ personal characteristics in
mathematics learning situations, we again raise the situationality and the qualities of
pupils´ self-states and unique self-system processes into central features in determining
the qualities of their self-regulatory activity, personal power, and learning with respect to
mathematics. These personal dynamics are importantly constructed against the qualities
of their self-perceptions and related affective responses to mathematics, their perceptions
of mathematical tasks, and of the classroom environment or context in question (c.f.,
Pintrich & Schrauben, 1992). Goals, values, and beliefs as the motivational components
of self-regulated learning are woven together into pupils´ will to learn (Paris & Byrnes,
1989), constituting with positive self-beliefs and high self-confidence, self-efficacy, or
self-control beliefs, positive expectancies, and low anxiety experiences a kind of positive
or self-enhancement orientation characterized as high persistence, effort, active self-
regulation, and/or self-motivation in mathematics learning.1063

8.5.2 Other Contextual Aspects Behind Self-Regulation and Mathematics
Learning

In the beginning of this section we introduced a model for the contextual units behind the
development of pupils´ behavioural or self-regulatory patterns and goal structures in a
social mathematics learning environment. The kind of highly central socio-cultural
mathematics-related beliefs considered above constitute the daily frames of reference or
self-regulatory and behavioral models for pupils´ mathematics learning actions and
intentions. However, there are other significant impacts or additional contextual features
of mathematics learning situations that may support and strengthen the emergence and
influence of these kind of motivational-behavioral patterns and beliefs. We may again
distinguish between debilitative and enhancing aspects behind self-motivation and
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1062 C.f., Eccles et al., 1983; Fennema & Hart, 1994; Fennema & Sherman, 1977; Leder, 1992;
Malmivuori, 1996b; Malmivuori & Pehkonen, 1997; McLeod, 1992 Seegers & Boekaerts, 1996; Stipek
& Gralinski, 1991; Tocci & Engelhard, 1991.
1063 C.f. also Bandura, 1993; Borkowski et al., 1990; Eccles et al., 1983; Pintrich, 1989.



actively self-regulated classroom learning. As with the orientational or behavioral patterns
and socio-cultural beliefs considered above, these also influential contextual factors or
functions can be viewed to represent more indirect and implicit environmental influences
on pupils´ personal mathematics learning processes and experiences. These operate
especially through pupils´ self-interpretative and self-regulatory activity or self-system
processes within their individual-environmental mental interactions in school mathematics
learning contexts, that is, through their mental personal processes. In addition to
mathematical beliefs, a role can also be given to pupils´ personality or trait aspects or
their more situational unique affective self-states or mental functioning considered in
Sections 5.3, 6.4, and 7.5.  

As considered in Section 6.4 above with respect to various interpretative contexts behind
self-appraisals and significant affective responses to mathematics, various trait or
personality aspects can also be viewed to constitute a contextual frame of reference for
pupils´ self-directed and self-regulated mathematics learning to emerge and further
develop. These personality aspects were stated in Chapter 7 and the sections above to
influence in particular through the qualities of pupils´ mathematical self-systems and self-
belief systems and, more specifically, through their agency beliefs and perceptions with
respect to school mathematics learning. Hence, similar to the aspects of mathematical
self-appraisals examined in Chapters 6 and 7, the link between a social mathematics
learning environment or external conditions and pupils´ self-directive and self-regulatory
processes or self-motivation goes through pupils´ self-interpretative and self-appraisal
processes that are involved in their individual-environmental interactions in school
mathematics learning situations. We considered these dynamics to be related to the
general notions of pupils´ self-concept structures, especially to their comparative external
standards in self-concept development (e.g., to the ought-to-be self or the public self; see
Section 4.4.1). Accordingly, these self-processes or self-belief systems mediate also the
effects of various environmental or contextual conditions on pupils self-system processes
and motivational-behavioral dynamics in school mathematics learning.

Above and in mathematics education research, variation in these and mathematics
performances, outcomes, or achievements in general have been linked to pupils´ gender,
age, and mathematical or self-regulatory abilities, skills, and knowledge (see also
Sections 7.2-7.5). These features differentiate between the kind of motivational patterns
and self-regulatory beliefs presented above and, more particularly, between pupils´ self-
beliefs or agency perceptions with respect to mathematics learning. In general,
achievement motivation research shows changes during school years from elementary to
middle grades. Levels of perceived competence, as well as intrinsic orientation, typically
decrease, and negative perceptions or attitudes toward school and achievement tend to
increase (Eccles et al., 1983; Harter, 1985; Pintrich, 1989). Moreover, for examole,
underachievement in general is found to be influenced by self-concept, fear of failure,
impulsiveness, and a high need for approval that can be viewed to be accompaniedby
more external motivators, self-critics, and less accurate ability assessments (Borkowski
& Thorpe, 1994; see also Section 7.3.2 and 7.5). On the other hand, research on self-
regulated learning makes a difference between gifted and nongifted pupils, with higher
ability pupils given more evidence of active self-regulation on average than lower ability
pupils (Corno, 1989; Zimmerman, 1990a). There are also development changes in
understanding and criteria for assessing competence during fifth or sixth grades. Effort
attributions and perceptions become gradually replaced by social comparison, external
evaluations, and stressing of mathematics ability, with effort representing more
compensation for low ability of older pupils (Nicholls, 1984; Paris & Byrnes, 1989;
Paris & Newman, 1990; Weiner, 1986). Moreover, the central difference between
adaptive and maladaptive motivational orientations presented above has been found to be
connected with personality differences and attributional or explanatory styles between
pupils (see also Section 8.4), in particular to various hedonic biases and to pessimistic
explanatory style with learned helplessness, in contrast to optimistic explanatory style.
This is further related to mistrust instead of trust in persons and self, childhood
depression, or to genetic components (Eisner & Seligman, 1994). Beliefs about help-
seeking vary along with age,with younger pupils stressing extrinsic dependence on the
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teacher´s help instead of help from peers. High achievers are also more prone than low
achievers to seek information and help from knowledgeable other persons (Newman,
1990; 1991). Also, girls seek less help in mathematics than males (Newman & Goldin,
1990; Paris & Newman, 1990).                       

The most essential environmental and contextual aspects influencing pupils´ self-
regulation or motivational-behavioral structures and functioning can be attached to
mathematics classroom learning or performing in social and situationally dependent
school learning contexts (c.f. Section 6.4). Self-regulation and autonomy develop
importantly in social contexts (Bandura, 1986; Ryan & Stiller, 1991). With respect to the
environmental contextual features we point to various mathematical task conditions.
Motivational beliefs, use of self-regulatory learning strategies, self-motivation, and/or
intrinsic motivation or learning goals are viewed to be influenced by task difficulty or
complexity, the appeal of, interest in, or meaningfulness of the task, liking of tasks,
perceptions of task importance, familiarity of the material, and/or interest of the material
or content of the task (Pintrich, 1989; Pintrich & Schrauben, 1992). For example,
continued success on personally easy tasks is suggested to debilitate adaptive
motivational patterns (Dweck, 1986), while new, review, or enrichment material is seen
to promote learning goals (Newman, 1991). Diversity, variety, and novelty in the design
and structure of classroom tasks generally promotes intrinsic motivational orientation, as
well as opportunities for choices of different kinds of tasks or different assignments
(Ames, 1992b; Lepper & Hodell, 1989; Marshall & Weinstein, 1984; c.f. also Paris &
Winograd, 1990; Sections 7.5). Furthermore, these task-characteristics apply to the
qualities and context of the used textbook, as well as to the general quality of
mathematics lessons, which may then support learning of strategy use and selection by
increased personal relevance and value perceptions (c.f., Corno, 1989; Meece, 1994;
Pintrich, 1989).                

The most significant environmental feaures behind pupils´ self-regulation or
motivational-behavioral dynamics or self-motivation relate to the instructional conditions
and the beliefs, practices, and goals of the teacher. Most frequently, the promotive
aspects behind efficient self-regulation and adaptive orientational styles in school learning
have been attached to cooperative learning contexts, in contrast to competitive classroom
structures. These features fo social learning situations are then viewed to influence
pupils´ orientational patterns and performance actions, their effort-related beliefs about
learning or outcomes, their control beliefs, and the development of their various self-
regulatory actions or beliefs in general (Dweck, 1986; Jagacinski, 1992; Nicholls, 1984),
and to function through the prevalent reward (e.g., grades) and goal structures sustained
and supported by the teacher, through the teacher´s other instructional decisions or
activities, and e.g. through the feedback given in classrooms (e.g., Ames, 1992a; Ames
& Ames, 1984; Dweck, 1986; Pintrich, 1989). On the other hand, these contextual
functions are further importantly related to the qualities of teachers´ own mathematical
beliefs, goals, or experiences, their own self-regulatory skills and agency beliefs or
perceptions with mathematics teaching, and to their beliefs and expectancies for pupils´
behaviours, intentions, and performances with mathematics1064 (see Section 6.4; e.g.,
Bandura, 1993; Deci & Ryan, 1985; Dweck, 1986; Paris & Newman, 1990; Paris &
Byrnes, 1989). In general, cooperative learning context with constructivist instruction,
preference for learning, cooperation between pupils, personal responsibility, effort-
related beliefs and strategies, and individual feedback are viewed to enhance adaptive
motivational orientations, mastery-based systems or goals, and self-regulated learning,
e.g. in the form of self-instruction, self-monitoring, help-seeking, and efficient thinking
or learning strategies. On the other hand, competitive classroom context with
performance goals and grades, normative assessment, and feedback,1065 preference for
competing with others, and display of ability in performances are seen to undermine
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1064 E.g., Different for low and high achievers or for females and males (Paris & Newman, 1990).
1065 According to Bandura (1993, p. 123), social comparison influences performance through its impact
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active self-regulation,1066 intrinsic motivation, or the development of promotive self-
system structures, e.g. in the form of more ability attributions, and to support overall
maladaptive or helplessness motivational orientations in classrooms (Ames, 1984;
1992a/b; Ames & Archer, 1988; Bandura, 1993; Dweck, 1986; Harackiewicz &
Sansone, 1991; Lemos, 1999; Lepper & Hodell, 1989; Marshall & Weinstein, 1984;
Meece, 1994; Nicholls et al., 1990; Pintrich, 1989; Zimmerman 1990).   

Variation in classroom climate behind intrinsic or adaptive motivational patterns and
active self-regulation is suggested to be related also to the stressing autonomy instead of
teacher or external control (Ryan & Stiller, 1991). This can be importantly linked with
teachers´ instructional actions, demands, practices, beliefs, and behavioral goals. In
general, teachers´ own beliefs in instructional self-efficacy promote classroom
atmosphere behind self-regulated learning by supporting pupils´ intrinsic interests and
self-directedness (Bandura, 1993), and are related further to such items as teachers´
motivation to instruct strategies, motivate pupils to use strategies and believe in their own
self-efficacy and control over learning experiences, and enhancement of effort
attributions (Borkowski et al., 1990). For example, internal goal setting, self-confidence,
realistic aspirations, personal responsibility, interest, engagement, and/or learning
goals1067 are seen to be promoted in the former case by supportive teachers, perceived
support and encouragement for questioning, peer tutoring and dialogues about learning,
intractive communication, responsibility to low achieving pupils, stressing of conceptual
learning, opportunities for personal choices and decision making as well as self-
monitoring, positive learning goals, warmth or empathy and encouragement, and
learning to cope with failure (Ames, 1992b; Newman, 1991; Marshall & Weinstein,
1984; Meece, 1994; Paris & Byrnes, 1989; Paris & Winograd, 1990; Ryan & Stiller,
1991, Zimmerman, 1994). 

On the other hand, when the controlling function of rewards and passive beliefs about
adult-relations are prevalent, intrinsic motivation is undermined, especially when these
external controls conflict with pupils´ experienced autonomy or self-determination
(Graham & Weiner, 1996; Ryan & Stiller, 1991). Development of self-regulated learning
and/or efficacy perceptions is also seen to be promoted by factors such as effective
instruction for making thinking public, encouragement of active participation, oral
discussions, teachers as reactors or trouble shooters, informing pupils about cognitive
dimensions and goals for tasks and strategies, and more explicit instruction, mutual flow
of information instead of direct instruction, helping and sharing knowledge, providing
pupils with attributional, especially effort, feedback, reward contingencies with
informaton of goal progress, reduction of anxiety, and direct strategy instruction1068 or
self-regulatory training (Bandura, 1986; 1993; Borkowski et al., 1990; Borkowski &
Thorpe, 1994; Paris & Newman, 1990; Paris & Winograd, 1990; Schoenfeld, 1992;
Schunk, 1989a; 1989b; Zimmerman, 1994). Furthermore, using heterogeneous and
varied grouping arrangements, varying evaluation methods, recognizing individual
pupils´ effort, accomplishment, and improvement, as well as offering opportunities to
improve performance and, e.g., plan schedules would all enhance learning and
promotive orientations motivation (Ames, 1992b; Jagacinski, 1992; Nicholls, 1984).     

Notions also concern the parents´ role in either promoting or debilitating the development
of pupils´ self-regulated learning. Bandura (1993) speaks of the influence of parental
self-efficacy that, besides general values of education, would be mediated also through
parents´ encouragement to learning, standards for achievements, establishment of
homework habits, and helping behaviours, reward efforts, and support for school-related
functions. Moreover, parental practices at home, in the form of autonomy support and
controlling styles, e.g. in the form of parental involvement, clear and consistent rules and
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limits, or positive attributes and relations, have essential effects on the development of
pupils´ self-regulatory functions and personal autonomy (Harackiewicz & Sansone,
1991). And further, social competence or positive relationships with peers promote
learning through enhancing emotional security and incentives to achieve and general
interest in school, influencing especially during adolescence (Wentzel, 1991). There are
also larger socio-cultural effects, beliefs, attitudes, and goal structures operating behind
the contextual functions and structures of school mathematics learning given above (see
also Section 6.4). Classroom learning with reward structures and evaluations reflect
multiple social and academic goals influenced by the wider constraints of prevalent social
rules, norms, and values that come to influence the qualities of reward structures and the
competences valued in particular task performances, and hence the dimensions of
performance and learning goals (c.f., Wentzel, 1991). These socio-cultural conditions or
structures may fit in with different cultures and societies, but may also produce essential
differences between males´ and females´ mathematics learning goals or between the goals
of pupils with different socio-economic backgrounds. As illustrated in Figure 8.3, these
contextual functions operate, then, behind the practices and self-regulatory patterns
reflected in unique school mathematics learning or performance situations and, hence, the
development or emergence of pupils´ personal self-system processes and self-regulatory
behaviors and patterns with mathematics. 

Bandura (1994, p. 5515), for example, states that the types of prevailing models within a
social milieu partly determine which human qualities from many alternatives are
selectively encouraged. More particularly, he (1993) refers to school efficacy consisting
of the belief systems and experienced efficacy of the school staff creating the positive
school atmosphere for development, and e.g. to socioeconomic levels, school level of
academic achievement, and student turnover and absenteeism behind these. Furthermore,
teachers´ experienced pressures or their opportunities to self-regulate their own activities,
to be innovative, creative, and intrinsically motivated, either promote or undermine
pupils´ self-regulated learning or intrinsic orientations (Harackiewicz & Sansone, 1991).
Alternatively, factors such as emphasizing self-improvement, discovery of new
information, usefullness of learning material, and general socio-cultural structures instead
of chaos, or autonomy support instead of coercion, can induce or promote learning goals
and/or satisfaction of needs for competence and autonomy  in school context (see, e.g.,
Lemos, 1999), whereas stressing tests of intellectual skills and public learning situations
with normative evaluations can also elicit and sustain ego or performance goals in a
school learning context (Ames & Archer, 1988; Meece, 1994). According to Suárez-
Orozco (1994), achievement motivation generally and typically involves a “standard of
excellence” implicitly taught to children by the culture, involving a competition with the
specific dominating cultural standards and resulting in either a positive or negative affect.
Changing school achievement and learning is also related to changing pupils´ views
about society, the purpose of learning, and about school (Ames, 1992b; Nicholls, 1992),
again, essentially intertwined with true socio-cultural conditions.           

8.5 Summary of the Personal Dynamics in Mathematics
Learning

The essential behavioral-motivational dynamics involved in pupils´ personal power and
self-regulation of their own mathematics learning processes and experiences are
suggested in this study to be linked to the qualities of pupils´ self-system structures and
processes. In particular, we connect these dynamic aspects to the emergence and
development of their self-belief systems, agency perceptions, and beliefs in their own
personal effort, influence, and responsibility for mathematics learning and learning
outcomes. Accordingly, the promotive self-beliefs and self-states viewed here as
intertwined with efficient or active self-regulation and intrinsic motivational orientational
bases in mathematics learning are enhanced by development, support, and practice of
pupils´ personal agency with accompanied positive self-perceptions of efficacy and
control with respect to mathematics and mathematics learning situations. General recent
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educational research, as well as research results in mathematics education, show that the
assumption of autonomic learning behaviors and higher order self-regulatory processes
behind more positive, self-enagaged, and self-committed personal learning processes will
produce promoted learning outcomes and experiences that, besides leading to improved
mathematics learning achievements, would increase pupils´ longer-term mathematical
goals, interest in mathematics, and willingness to study mathematics. These effects have
become most apparent in studies of the individual differences in mathematical problem
solving performances. 

As discussed in Section 7.4 above, we link these essential promotive effects with pupils´
enhanced and fully functioning self-system processes and accompanied promotive and
efficient self-states with mathematics. These efficient self-states were characterized by
examining the dynamic self-phenomena through self-confidence, self-efficacy, and self-
attributions, in which higher self-confidence and self-efficacy or internal control
perceptions with mathematics were attached to these promoted self-system processes and
self-states in mathematics learning situations. We may consider these kinds of efficient
self-states and self-system processes or efficient personal mathematics learning as the
core mathematical experiences that would significantly enhance not only pupils´ personal
mathematical self self-systems, but also the overall development of their personal self-
systems and self-system processes in a school learning context, for females and males,
for high and low achievers, and for pupils with different socio-economic backgrounds.
The socio-cultural beliefs and environmental conditions for school mathematics learning
situations and context, then, either promote or inhibit the appearance and development of
these essential dynamics in personal learning processes and experiences to varying
degrees. 

Below we present a final figure that illustrates the frame of reference for the
considerations made in this study. 
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9 CONCLUDING DISCUSSION

In this study we first gathered the traditional views of affect in educational research, and
in mathematics education research in particular in Chapter 2. We presented a theoretical
starting point for dealing with the basic conceptualizations and dynamics of pupils´ affect
and cognition in the chosen self-system and self-regulatory framework in mathematics
learning. Accordingly, a model with three different subdomains, i.e. affective responses,
beliefs and belief systems, and optional behaviors with mathematics was introduced in
Chapter 3. This model was applied to represent various aspects of pupils´ affectively
toned personal mathematics learning processes, especially those intertwined with pupils´
metalevel processes and self-regulatory activity. These theoretical subdomains with
included specific concepts were also viewed as consistent with recently emphasized
aspects of mathematics learning and problem solving in the mathematics education
research domain. Moreover, related learning models that take affective factors in
mathematics into consideration were briefly discussed. A model of this study of self-
regulated mathematics learning was introduced. We also presented in  Chapter 3 our
understanding of the significant components and dynamics included in each mathematics
learning situation in school learning context. In order to approach our dynamic
perspective of this study, we studied the subdomains of the preliminary model of
affective domain and presented involved dimensions more deeply through the various
categories of pupils´ mathematical beliefs and the qualities of their mathematical belief
systems, from which self-beliefs, self-perceptions, and self-belief systems were viewed
to constitute the most essential frame of reference for pupils´ learning, performing, and
affective responses to mathematics. Moreover, the subdomain of affective responses was
applied in Chapter 5 to make distinctions between pupils´ various affective responses
aroused and experienced in mathematics learning situations, more importantly between
their high or less significant or influential affective responses due to stronger or weaker
connections to their self-beliefs and self-evaluations with respect to mathematics learning. 

The considerations within the subdomains of beliefs and affective responses were
prepared for our analyses with the dynamics of pupils´ affect and cognition with respect
to mathematics learning. After more general notions of mental structural systems with
affect in Chapter 5, these analyses were attached to the varying qualities of pupils´
constantly ongoing mental processes or personal mental dynamics, and, more
specifically, to the qualities of their affectively toned self-states and states of self-
awareness in unique mathematics learning situations. These states of mental ativity were
promoted into the central dynamic aspects behind pupils´ personal mathematics learning
and self-regulation processes. In Chapter 6 we more closely considered the dynamics
between pupils´ self-beliefs, self-appraisals, and their affective responses or self-states
with mathematics by applying the related recent models and research results, especially
with respect to the degrees or levels of pupils´ experienced self-confidence, self-efficacy
perceptions, and the qualities of their self-attributions for mathematical successes and
failures. In this, a special emphasis was then given for those self-perceptions linked to
the emergence and development of their agency and control beliefs with respect to
mathematics and its learning or performance situations. These functional self-perceptions
were then joined with the notions of particular kinds of affective responses within general
or mathematics education research. A difference was made between promotive and
debilitative self-affects and affective self-experiences in mathematics learning. Moreover,
the examined self-appraisal processes behind significant affective responses to
mathematics were considered as related to larger socio-cultural frameworks with
consideration of the impacts of various socio-cultural mathematical beliefs, contextual
aspects, personal features, or larger environmental effects behind the arousal of particular
kinds of pupils´ self-appraisals and affective responses in mathematics learning
situations. Room was given for both personal as well as socio-culturally reinforced
constructions and interpretations. However, above all, pupils´ possibilities to always
influence, direct, and develop their own unique self-interpretations as well as significant
affective responses to mathematics was stressed. 
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In Chapter 7 we considered and emphasized the role of pupils´ metalevel and self-
regulatory processes with mathematics. After referring to significant general notions of
these theoretical concepts recently emphasized and applied in the general or mathematics
education research domains, we stressed the role of pupils´ constantly ongoing metalevel
and self-regulatory processes instead of stable conceptualizations. This dynamic
perspective was used to combine the various presented notions of metacognition or self-
regulation in the educational research domain. More specifically, these higher order
personal learning processes were linked to the core personal dynamics related to the
essential qualities of pupils´ self-awareness states with perceptions and practice of
personal agency in mathematics learning situations. In the later sections, these higher
order personal mental processes were analyzed in detail against the developments made in
previous chapters concerning pupils´ self-beliefs and self-belief or mathematical belief
systems and affective responses to mathematics, as well as the optional mathematics
learning behaviors included in the preliminary model of affective domain. The presented
central points in these personal metalevel and self-regulatory processes or dynamics of
affect and cognition with mathematics learning, as well as the notions of pupils´
mathematical or self-belief systems and affective responses given in Chapters 4 and 5
were applied in analyses of the role and impacts of these on various aspects of their self-
regulatory activity with mathematics. In this, an essential difference was made between
inefficient self-regulation and active or efficient self-regulation processes in mathematics
learning, where the effects of pupils´ mathematical self-perceptions, self-awareness, and
affective self-states were considered as central determinants behind the variation along
this qualitative continuum. A significant distinction was made between affective
regulation and active regulation of affective responses to mathematics due to these self-
system processes. These analyses were completed by closer consideration of the various
components and qualitative aspects in pupils´ behavioral processes involved in their self-
directive constructions and self-regulatory actions in personal mathematics learning
processes. A suggestion and model of the central role, functioning, and possibilities of
active self-regulatory processes in each mathematics learning situation was presented.          

In Chapter 8 we finally integrated the various aspects of the examined self-system
processes of mathematics learning and affective experiences, or of the dynamics of affect
and cognition, by considering the motivational-behavioral dynamics or self-directive
power of pupils´ self-systems and affective self-states in mathematics learning. Aspects
of self-motivation with high personal agency and self-awareness were examined. These
core dynamic aspects in personal mathematics learning processes and experiences we
analyzed with respect to the qualities and development of pupils´ self-confidence or self-
efficacy reflections and self-affects in mathematics learning situations. The related
mathematics education research results, as well as the notions made within general recent
educational research domains, were applied. This essential dynamic in personal
mathematics learning processes and experiences was illustrated by making an essential
difference between promotive and debilitative self-states behind self-regulated and self-
directed mathematics learning processes. The difference related to high and weak sense
and practice of self-power with respect to mathematics that would then differentiate
between promotive and positive mathematics learning experiences, performances, and
outcomes, while producing the perceived significant variations between males´ and
females´ personal mathematics learning and self-regulation processes. These core
differences in personal mathematics learning or motivational-behavioral dynamics were
further linked to some significant socio-cultural mathematical beliefs, behavioral and self-
regulatory patterns, and contextual social environment. Research results and some
suggestions for mathematics learning or instructional contexts for promotive self-directed
mathematics learning were given.                     

Throughout the study we have placed a special emphasis on pupils´ self-beliefs, self-
appraisals, and affective self-states in determining the qualities of their affective
resoponses to mathematics, as well as that of their mathematics learning. In this study we
applied several theoretical frameworks and concepts appeared in general educational
psychology or in the psychological literature of mathematics education that were regarded
as central for making the dynamical illustrations and connections of these to pupils´ self-
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system processes with mathematics. Our main point in this study was to constitute the
theoretical and dynamic linkages between the often applied constructs and educational
research results, as well as of the mathematics education research results with affect, that
would also apply to and clarify self-regulated learning processes or the dynamic interplay
of affect and cognition more generally. The themes of the study derive from the
theoretical developments, suggestions, or research results appeared within recent
mathematics education research on affect, but related theoretical developments and
notions offered by more general educational research were taken account and applied.
Hence, this study constitutes a kind of linkage between mathematics and more general
educational research on self-regulation as well as on affect. Especially, one of the main
aims and research results of the study relates to the given detailed dynamic connections
and illustrations of pupils´ affect against their cognition. In accordance with recent
constructivist and socio-cognitive perspectives, as well as emphases on process-based
notions of learning, affect, or cognition, these are done by stressing learning processes
instead of stable constructs or learning outcomes. More specifically, these are stressed in
considerations of pupils´ personal and situation-specific self-appraisals behind affect and
self-regulation, instead of general and context-free approaches to affect and cognition or
self. Stressing of pupils´ affectively intertwined self-appraisals and self-systems
processes instead of depersonalized, affect-free, and overall or general learning or
information processes was included. In addition to the closely intertwined self-worth
theories of learning and affect, we took notice of the recent phenomenological approaches
to learning or self-regulation and raised the emergence and qualities of pupils´ self-
awareness states into the core personal and situational mental aspect behind the qualities
and development of their agency perceptions, self-systems, and self-regulation in
mathematics learning. Thiscore dynamic aspect or self-phenomenon was suggested to
represent the channel for pupils´ agentic self and the development of efficient
mathematics learning processes, as well as promotive self-regulative patterns and self-
states, or fully functioning self-system processes and open or flexible self-systems with
mathematics. This study then illustrates and stresses these higher order self-system
processes, the central role of which emerges especially in difficult mathematics learning
and in unique mathematics learning situations, but also applies to any kind of personal
learning processes in school learning contexts. Hence, the dynamic theoretical
developments presented in this study are highly applicable to other learning contexts and
school learning domains. 

We also attach the qualities of pupils´ self-system processes and significant affective
responses to social mathematics learning contexts and environment by giving linkages
between these the kind of significant aspects operating in any school mathematics
learning situation. Our choice of particular perspectives and models, as well as recent
research on mathematical beliefs, offer a good context for these considerations, the
deeper analyses of which, however, are often lacking in research on affective variables,
as well as on mathematics learning. Accordingly, one central aim and significance of this
study relates to efforts to combine socio-culturally determined mathematics learning
contexts to pupils´ personal and situation-specific affective responses, as well as self-
regulatory activity in school mathematics learning. By including and connecting together
various related significant aspects suggested and studied in mathematics or general
educational research domains, we then in this study offer a detailed, but also larger,
frame of reference for understanding affect and learning than what is usually presented.
Thus, there are various interesting theoretical lines and suggestions to follow, so that
each of the readers of the study should be offered several or at least some interesting
aspects and interpretations for approaching the phenomena of personal learning
processes, affective responses, and self-regulation with respect to mathematics and its
learning. This is also why only references to experimental-related studies done by the
author are given in this study, but the central ideas, theoretical suggestions, and aspects
of this study have their basis also in related research results and models previously
developed and/or presented by the author, some of which are waiting publication. This
study will thence be followed by research reports of the experimental and essentially
intertwined related studies concerning pupils´ self-beliefs, mathematics-related beliefs,
affective responses to mathematics, and the qualities of their involved self-regulatory
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mathematics learning processes. 
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