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Abstract 

 
Within the framework of a national science and mathematics education development program a 
long-term physics teachers’ training program was organized. The aim of the program was to 
enhance teachers’ pedagogical content knowledge, especially regarding the role of experiments 
in physics education, which was discussed based on a practical teaching philosophy called 
perceptional approach. The research aimed at exploring teachers’ experience of the training 
program, as well as the effect it had on their beliefs about the role of experiments and the con-
cept of interaction (interacting bodies) in teaching Newtonian mechanics. Moreover, the goal 
was to examine the influence of teachers’ beliefs about interaction on students’ conceptual 
understanding of force. The model of pedagogical content knowledge and the model of practical 
conceptual change formed the frameworks for the research. 

The results of the teacher survey showed that teachers considered the training valuable for 
their daily teaching practice. The laboratory course was regarded to be most valuable. The course 
dealing with theoretical principles of the perceptional approach was less advantageous. Ap-
proximately 20% of the teachers had changed their beliefs in the use of experiments after the 
ideas represented in the training program. There were no significant differences between the 
experimental and control groups in the views regarding the reasons for using experiments in 
teaching physics. The most important objective for practical work was to enhance students’ 
learning of concepts. According to teacher interviews, some teachers were influenced by the 
program and the way experiments could be used in supporting the creation of meanings for 
concepts. However, some teachers strongly held to their previous beliefs. 

The effect of the training program on teachers’ beliefs about the concept of interaction as an 
organizing principle in teaching mechanics was examined using teacher interviews. The results 
showed no remarkable effects. However, the explicit use of interaction as a guiding principle in 
teaching Newtonian mechanics enhanced students’ conceptual understanding of force as meas-
ured with the Force Concept Inventory, which was translated into Finnish. 
 

 

Keywords: physics teachers, in-service training program, pedagogical content knowledge, the 
role of experiments, interacting bodies, teaching Newtonian mechanics 
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Täydennyskoulutuksen vaikutus fysiikan opettajien pedagogiseen sisältötietoon: Kokeellisuuden 
ja kappaleiden välisen vuorovaikutuksen korostaminen Newtonin mekaniikan opetuksessa 

 

 
 
Tiivistelmä 
 
Kansallisen luonnontieteen ja matematiikan opetusta kehittävän projektin puitteissa järjestettiin 
fysiikan opettajien täydennyskoulutusohjelma, jonka tavoitteena oli kehittää opettajien pedago-
gista sisältötietoa erityisesti liittyen kokeellisten töiden rooliin fysiikan opetuksessa. Kokeiden 
roolia tarkasteltiin hahmottavan lähestymistavan mukaan, jossa käsitteiden empiirinen merkitys 
perustuu hahmotusprosessiin. Tutkimuksen tavoitteena oli selvittää opettajien kokemuksia 
täydennyskoulutuksesta sekä sen vaikutusta opettajien uskomuksiin kokeellisten töiden roolista 
sekä vuorovaikutuskäsitteestä Newtonin mekaniikan opetuksessa. Lisäksi tavoitteena oli tarkas-
tella vuorovaikutuskäsitteeseen liittyvien uskomusten vaikutusta oppilaiden voimakäsitteen 
ymmärtämiseen. Pedagogisen sisältötiedon käsite ja malli praktisesta käsitteellisestä muutoksesta 
muodostivat tutkimuksen teoreettisen viitekehyksen. 

Opettajien kyselytutkimuksen perusteella täydennyskoulutus koettiin hyödylliseksi käytän-
nön opetustyötä ajatellen. Laboratoriokurssia pidettiin kaikkein hyödyllisimpänä. Hahmottavan 
lähestymistavan teoreettisia periaatteita käsittelevää kurssia ei koettu niin tarpeelliseksi. Opetta-
jien kyselytutkimus osoitti, että noin 20 % opettajista oli muuttanut uskomuksiaan kokeellisuu-
den merkityksestä täydennyskoulutuksessa esitettyjen ideoiden suuntaan. Tutkimus- ja kontrolli-
ryhmien välillä ei havaittu tilastollisesti merkitseviä eroja kokeellisten töiden tavoitteille. Tärkein 
peruste kokeellisille töille oli parantaa oppilaiden käsitteiden oppimista. Haastattelututkimuksen 
perusteella täydennyskoulutus oli vaikuttanut joidenkin opettajien tapaan tukea käsitteiden 
merkitysten luomista kokeellisten töiden avulla. Osa opettajista piti tiukasti kiinni aikaisemmista 
uskomuksistaan, joissa kokeellisuudella oli vähäisempi rooli fysiikan opetuksessa. 

Täydennyskoulutuksen vaikutusta opettajien uskomuksiin vuorovaikutuksesta mekaniikan 
opetusta järjestävänä periaatteena tarkasteltiin opettajien haastattelujen perusteella. Täydennys-
koulutuksella ei ollut huomattavaa vaikutusta opettajien uskomuksiin. Kuitenkin käsitteen käyttö 
ohjaavana periaatteena Newtonin mekaniikan opetuksessa paransi oppilaiden ymmärrystä voi-
masta.  

 
 

Avainsanat: fysiikan opettajat, täydennyskoulutusohjelma, pedagoginen sisältötieto, kokeelli-
suuden rooli, vuorovaikuttavat kappaleet, Newtonin mekaniikan opetus 
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1 Introduction 

 
Physics teacher education has been under development at the University of 
Helsinki as well as at several other universities over the past few decades. 
Traditionally physics teachers were educated at the departments of physics 
similarly to general physicists, while the departments of teacher education 
with the training schools were responsible for providing courses on general 
education, pedagogy and didactics of physics (Koponen, Mäntylä & Lavonen, 
2004). However, a considerable amount of research on students’ conceptual 
knowledge (Halloun & Hestenes, 1985; Duit, 1991) has revealed deficiencies 
in students’ understanding and the inability of traditional instruction to en-
hance students’ understanding of the meanings of concepts (Bransford, 
Brown & Cocking, 2000). Traditional instruction usually means a teacher-
centred transmission model of teaching based on the conception that the 
teachers’ role is to deliver information (Loughran, Berry & Mulhall, 2006) 
and instruction is grounded on the knowledge provided by textbooks and the 
memorizing of facts. According to traditional physics instruction physical 
concepts are introduced as axioms derived from theory and the emphasis is 
on solving quantitative problems. Teaching is usually considered to be very 
traditional and teachers tend to teach as they have been taught (McDermott 
1991; Loughran et al., 2006). Teacher education programs in Helsinki as well 
as at several other universities have not necessarily supported the develop-
ment of an optimal teacher knowledge base. This was the assumption when 
the Ministry of Education initiated a national development program called the 
“Finnish Mathematical and Natural Science Awareness” LUMA-program 
(LUMA Joint National Action) for mathematics and sciences education in 
late 1990, the aim being to improve teaching and enhance students’ learning 
of mathematics and the natural sciences (LUMA Programme, 2004).  

The knowledge and beliefs that influence teachers’ actions in classrooms 
have gained increasing interest in educational research. It has been recog-
nized that the content knowledge of the discipline together with a set of well 
tried teaching strategies are not enough to guide the teacher to effectively 
enhance students’ conceptual understanding. In addition to a highly struc-
tured comprehension of the content knowledge of the discipline, a teacher 
needs to understand the nature of the discipline, as well as how students learn. 
Sometimes these domains of knowledge are separate, but intersections be-
tween them can emerge in the teaching situation. However, these initial do-
mains of knowledge can also be inextricably combined into a new form of 
knowledge. (Loughran et al., 2006) The knowledge created forms a special 
kind of knowledge of teachers, called pedagogical content knowledge, which 
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in this thesis is abbreviated PCK (Shulman, 1986). The PCK model has be-
come a widely used theoretical framework for research on teaching, appar-
ently owing to the fact that it successfully addresses the importance of teach-
ers’ knowledge, the relationship between the content of the subject and ways 
of teaching it and it highlights the need to explore it through research. PCK 
has made valuable contributions to understanding teachers’ professional 
learning and knowledge by articulating and sharing ideas about effective 
teaching and consequently aiding in designing teacher education. The chal-
lenge is to prepare teachers in the best possible way for their profession and 
guide them in becoming expert teachers with a developed content knowledge, 
pedagogical and pedagogical content knowledge and, moreover, with an 
ability to reflect on their teaching and continuously develop it.  

In the first half of the 20th century experiments had an important role in 
physics teaching in Finnish schools. By 1970 however, according to the na-
tional curriculum, the aims of physics education were related mostly to the 
content of physics, and practical work was restricted to a special course, but 
not integrated into physics instruction in general. The same trend can be seen 
in physics textbooks of that time, which concentrated on the theory. (Erätuuli, 
1980; Fant, 1990; Ahtee 2003) As of 1994, however, the national curriculums 
in Finland again began addressing the importance of basing physics instruc-
tion on experiments (Meisalo & Lavonen, 1994). Practical work again be-
came important in physics instruction, which aimed at better learning of sci-
entific knowledge and laboratory skills, a better understanding of scientific 
method as well as the better motivation of students. Adapting to this change 
in physics teaching has been a challenge for teachers, who have had to de-
velop their PCK in practical work. 

In order to meet the new requirements of physics teacher education the 
Department of Physics at the University of Helsinki took responsibility for 
organizing special courses for in-service physics teachers within the frame-
work of the LUMA-project. The aim of these courses was to develop a deep 
understanding of content knowledge including an overall picture of physics 
as a science and its methods from the perspective of teaching it. In retrospect, 
and in the framework adopted in this study this aim can now be described as 
an attempt to enhance teachers’ content and pedagogical content knowledge 
(PCK). The content of the program was based on the perceptional approach 
(Kurki-Suonio, 2011), a physics teaching philosophy emphasizing the role of 
experiments in the concept formation process. The program consisted of four 
closely connected courses that simultaneously focused on content knowledge 
as well as on how it is taught and the hope being that this would be reflected 
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in the teachers’ actions in the classroom as well as further promote students’ 
conceptual understanding.  

The present study discusses this intensive in-service training program for 
physics teachers carried out in 1996–2000. This thesis gathers the research 
articles concerning the program and how upper secondary school physics 
teachers experienced it, as well as the effect of the training on teachers’ PCK, 
especially on their beliefs about the epistemic role of experiments in physics 
education in general and particularly in teaching Newtonian mechanics. In 
this study, the epistemic role of experiments refers to the role of experiments 
in the process of constructing knowledge. Further, the study examines how 
the program, which emphasized the concept of interaction in teaching New-
tonian mechanics, affected teachers’ beliefs about it and, moreover, how the 
these beliefs influenced students’ understanding of Newton’s third law. The 
author of this thesis was involved in the in-service training program in the 
role of project secretary without any teaching duties or other possibilities of 
influencing the education or learning of the teachers. However, the author 
participated in the research project by designing the study, implementing it, 
analysing the data and writing the articles. The data for all the studies in this 
thesis were collected during 1999–2000. 

 





Effects of an in-service training program on physics teachers’ pedagogical content … 5	  

 
2 Teachers’ beliefs and knowledge  

 
The first article in this thesis concerns students’ conceptions about force, 
while the other articles examine teachers’ thinking and beliefs about teaching 
mechanics and the effect of in-service training on them. Both students’ con-
ceptions and teachers’ beliefs have been extensively researched over the past 
decades. They have been analysed from different perspectives and the re-
search literature has used various terms to describe both students’ and teach-
ers’ thinking. Feldman (2000) has explored science teachers’ knowledge by 
examining practical theories. Feldman’s model of how teachers change their 
practical theories is called the practical conceptual change model, whereas 
Shulman (1986) has described teachers’ special kind of knowledge by intro-
ducing the concept of pedagogical content knowledge (PCK). In addition to a 
profound understanding of the content, which is a prerequisite for developing 
PCK, teachers need to know how to transform the content knowledge in ways 
that will best promote students’ conceptual understanding. Chapter 2.1 dis-
cusses different concepts used for describing students’ and mainly teachers’ 
thinking, as well as the model of practical conceptual change. Chapter 2.2 
discusses teachers’ pedagogical content knowledge, its characteristics and 
structure as well as its development. The chapter concludes (chapter 2.3) with 
a discussion of the concepts used in this study as well as the concepts related 
to teaching physics. 

 
2.1 Notions about conceptions, beliefs and knowledge  
A wide range of research literature demonstrates that, based on everyday 
experience as well as on formal instruction, students construct conceptions 
about physical phenomena (Driver, 1989). In this study, conceptions are 
considered as an individual’s personal interpretation of a concept, which in 
turn refers to a well-defined and publicly shared schemata or epistemic tool 
used by scientists (Rusanen & Pöyhönen, 2012). Conceptions are reasonable 
and useful to individuals, but they can be inconsistent with generally ac-
cepted scientific concepts. In addition to conceptions, various terms have 
been used that refer to students’ thinking; these include frameworks, alterna-
tive, pre-, initial, naive, pre-scientific, prior conceptions and common-sense 
concepts. A conceptual change can be defined as a learning process which in 
a certain way changes, i.e., enriches, replaces or restructures the learner’s 
initial conceptions in order to promote understanding of intended scientific 
knowledge (Chi, Slotta & Leeuw, 1994; Vosniadou, 1994). This is usually a 
gradual and complex process where diverse changes take place. The research 
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on how initial conceptions about the physical world develop and how they 
change during instruction has been considered in different theoretical frame-
works such as cognitive approaches and various constructivist ideas (Duit & 
Treagust, 2003). This has resulted in theories of conceptual change (Posner, 
Strike, Hewson & Gertzog, 1982; Chi et al., 1994; Vosniadou, 1994). A more 
detailed discussion of these theories is beyond the scope of this study. The 
first article deals with students’ conceptions about force.  

Articles II–V examine teachers’ beliefs about teaching Newtonian me-
chanics. Article III defines beliefs according to Green (1971), as an individ-
ual’s personal knowledge, or as one’s stable subjective knowledge. Further, 
Article V regards beliefs and knowledge as closely related, but beliefs are 
considered to be more personal. In educational research literature beliefs and 
knowledge are often used interchangeably and no precise distinctions are 
made (Kagan, 1992). However, according to Fenstermacher (1994) calling a 
proposition knowledge requires the holder of the proposition to be able to 
justify the truth of it. Thus, knowing something is different from believing 
something. The requirements for justification are not as demanding for be-
liefs as for knowledge. A person holds a belief if he or she believes it and 
thinks it is true. Accordingly, in this thesis beliefs are considered as mental 
states or constructions containing propositions that the teacher believes are 
true. Beliefs determine teachers’ actions in the classrooms (Haney, Czerniak 
& Lumpe, 1996). Thus, in order to improve teaching practices teachers’ be-
liefs have to be examined (Pajares, 1992), but because teachers’ beliefs are 
usually tacit teachers may have difficulties in describing them (Kagan, 1992). 

Teachers develop beliefs through experiences in the classroom, first as 
students then as teachers, but also through reading, listening, and observing 
other teachers’ practice and interpretation of such events as well as reflec-
tions on those experiences (Lumpe, Haney & Czerniak, 2000). These beliefs 
concern the content to be taught and curriculum, the students and their learn-
ing process, teaching and their role as a teacher, as well as their personalities 
and responsibilities. Educational beliefs also include beliefs about knowledge 
and how it is obtained, as well as how it should be presented to students in 
order to promote their understanding (Levitt, 2001). In this research, the 
object of interest is the teachers’ subject-specific beliefs about the epistemic 
role of experiments in physics instruction and the role of interaction in teach-
ing Newtonian mechanics. 

Research has shown the stability of teachers’ beliefs. It has been argued 
that beliefs change only gradually (Haney et al., 1996; Lumpe et al., 2000), 
and that teachers’ metacognitive awareness, reflection and cognitive disso-
nance play an important role in this change (Pajares 1992; Kagan 1992). 
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Metacognitive awareness refers to the knowledge of one’s own thinking. This 
involves the process of reflection, i.e. observing one’s actions and behaviours 
and evaluating them critically. Reflection includes self-evaluation in which 
self-observed performances are compared to prior performance or another 
person’s performance. (Zimmerman, 2002) This has led to reflective teacher 
education (Calderhead 1989), which aims at guiding teachers in becoming 
aware of their thinking and developing their cognitive processes. That is, 
teacher students and in-service teachers are supported in reflective activities 
where they can confront their beliefs, examine them and relate them to their 
actions, discuss them and, if they are questioned or they turn out to be unsat-
isfactory, adjust them.  

Emphasis on the practical qualities of teachers’ beliefs has led to the con-
sideration of teachers’ thinking from the point of view of practical knowledge 
or theories. Propositional knowledge (knowing-that) is distinguished from 
practical knowledge (knowing-how). Practical knowledge, which is also 
called practitioner knowledge or craft knowledge, guides teachers’ actions 
and helps them choose the most effective practices for different situations in 
the classroom. Practical knowledge and theories are based on experience of 
different situations and contexts, the response to practical problems and re-
flection on these experiences. Thus, this kind of knowledge is usually spe-
cific, detailed and concrete. (Sanders & McCutheon, 1986; Feldman, 2000; 
Hiebert, Gallimore & Stigler, 2002) The claims of justification for knowledge 
in general also concern practical knowledge. The argument for knowing how 
to do something requires showing that it is objectively reasonable (Fenster-
macher, 1994). However, when focusing on the practical qualities of teachers’ 
knowledge, research literature usually refers to knowledge and not beliefs, 
although according to the distinction between knowledge and beliefs above, 
these could also be called practical beliefs. The model of practical conceptual 
change described in the following emphasizes the role of practical knowledge 
in teachers’ thinking. The model of pedagogical content knowledge (PCK) 
described in more detail in chapter 2.2, however, represents these both kinds 
of knowledge.  

According to Feldman (2000), teachers develop practical theories, or 
rules-of-thumb based on experience, and use them in making decisions. Thus, 
practical theories explain teachers’ actions and educational practices. Practi-
cal problems are normative questions, and can be phrased in the form ‘What 
should be done?’ Practical theories, which are conceptual structures and 
visions, are shaped or changed by life experience, professional experience 
and reflection on those experiences. Just as students enter the classroom with 
conceptions about physical phenomena they have constructed based on expe-
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rience, every teacher enters the classroom with practical theories which they 
have developed as a consequence of their experiences as a student, prospec-
tive teacher and as a teacher. Similarly, just as it is difficult to produce a 
change in students’ conceptions, it is also difficult to change teachers’ practi-
cal theories. Feldman (2000) has identified the conditions that lead teachers 
to change their practical theories: 1) the teacher is discontented with a practi-
cal theory, because she or he recognizes it as ineffective; 2) a new practical 
theory must be sensible; 3) a new practical theory must be beneficial, i.e., it 
must lead to better goals; 4) a new practical theory must be enlightening, i.e., 
it must provide new understanding of practice situations. Consequently, these 
conditions must be fulfilled if we want teachers to change their practice.  

 
2.2 Teachers’ pedagogical content knowledge 
Pedagogical content knowledge (PCK) is a model describing teachers’ pro-
fessional knowledge, skills and abilities to teach effectively in order to en-
hance students’ learning. PCK combines the deep understanding of both 
pedagogical knowledge and content knowledge in a unique way. Conse-
quently, different ideas may be more crucial in content knowledge than in 
PCK (Bransford et al., 2000; Loughran et al., 2006). The concept of PCK is 
based on the idea that teaching is not synonymous with delivering of infor-
mation and the role of the teacher is not being a dispenser of knowledge but 
rather a guide and facilitator in students’ process of constructing knowledge 
and forming their own ideas (Tobin & McRobbie, 1999). Thus, the model of 
PCK corresponds to the constructivist view of learning according to which 
people actively construct new knowledge themselves and understanding is 
based on previous knowledge and beliefs (Bransford et al., 2000). Mullhal, 
Berry & Loughran (2003) argue that teachers whose teaching enhances stu-
dents’ conceptual understanding are likely to have a well-developed PCK in 
that content area. 

Shulman (1986) criticized the distinction between content and pedagogy 
in exploring and analysing teaching and pointed out the importance of trans-
forming the content knowledge of the discipline into the content of instruc-
tion. Moreover, he blamed the research for concentrating on the learner and 
ignoring the perspective of the teacher and his or her knowledge, how it is 
developed and what the sources of this knowledge are, i.e. “how does learn-
ing for teaching occur?” He called for educational research concentrating on 
how teachers draw on their expertise in the content, i.e., their knowledge of 
the discipline. Pedagogical content knowledge (PCK) as knowledge that 
“goes beyond knowledge of subject matter per se to the dimension of subject 
matter knowledge for teaching” was suggested as a special kind of knowl-



Teachers’ beliefs and knowledge 9 

 

edge that distinguishes teachers from other specialists who are not teaching 
(Shulman, 1986). In other words, PCK is a particular form of teachers’ 
knowledge that “embodies the aspects of content most germane to its teach-
ability”. Later, Shulman (1987) defined PCK as “that special amalgam of 
content and pedagogy that is uniquely the province of teachers, their own 
special form of professional understanding”. 

An understanding of content knowledge, which is also often referred to as 
subject matter knowledge, includes understanding the foundations of the 
knowledge and why a certain topic is central to the discipline as well as how 
the content knowledge is structured. After this comprehension the teacher 
transforms the content knowledge into “pedagogically powerful” forms by 
illustrating the content, reorganizing it and clothing it in activities, exercises, 
examples, and demonstrations, i.e. in a form that is understandable for stu-
dents and promotes their learning of the content (Shulman 1986; Shulman 
1987). This process of transformation in which the teacher critically reflects 
on and interprets the content in order to find various ways to illustrate it is 
central in the model of PCK. It simultaneously involves content knowledge, 
pedagogical knowledge (knowledge of learning and learners and their devel-
opmental levels, instructional principles, general educational aims, classroom 
management) and contextual knowledge (knowledge about the context in 
which the teaching takes place, such as the school, the community, the dis-
trict and the students and their various backgrounds and prior knowledge). In 
summary, the teacher adapts and modifies the content to suit a specific group 
of students. The transformation process then results in the PCK including 
knowledge of demonstrations, experimental activities, analogies, problems, 
examples, and illustrations. (Cochran, DeRuiter & King, 1993; Gess-
Newsome, 1999; Magnusson, Krajcik & Bork, 1999)  

Consequently, the PCK consists of knowledge of teaching particular top-
ics. It includes the different useful instructional strategies and ways of repre-
senting and formulating the content. In addition, it includes knowledge of 
learning difficulties concerning different topics and students’ common con-
ceptions of those topics as well as the knowledge of how to relate new topics 
to what students already know. PCK, however, does not comprise knowledge 
of general pedagogical issues and of learning and learners in general. (van 
Driel, Verloop & de Vos, 1998; Magnusson et al., 1999; Hasweh, 2005) PCK 
is regarded as content specific; and thus, it is not possible to use a particular 
PCK in another context (van Driel et al., 1998; Loughran et al., 2006). Many 
researchers such as Veal (2004) define PCK as comprising of all the knowl-
edge needed for effective teaching, including content knowledge and peda-
gogical knowledge. This thesis, however, regards PCK in a more restricted 
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sense as the specific knowledge which is created when the teacher draws on 
content knowledge and knowledge of learning in order to find ways to pro-
mote students’ understanding. 

Teachers construct PCK over a long period of time. Different forms of 
representation included in PCK are derived from research while others 
“originate in the wisdom of practice” (Shulman, 1986). Teachers derive PCK 
from their own experiences and observations, both as students and teachers, 
and from specific courses during teacher education and in-service courses 
(van Driel et al., 1998; Park & Oliver 2008). Contradictory views have been 
presented by Hasweh (2005). He is of the opinion that PCK develops and 
accumulates through repeated experience when planning the instruction and 
teaching different topics as well as when reflecting on teaching, but does not 
accumulate from studying in traditional teacher education programs. The role 
of reflection is crucial in the PCK development. Expert teachers are not only 
able to teach effectively, but can also explain the reasons for different actions 
and communicate their educational decisions (Shulman, 1986). They are 
goal-oriented and use particular teaching strategies in particular contexts 
because of particular reasons; they also analyse and reflect on teaching and 
monitor students’ learning in order to develop more effective ways to teach. 
Thus making the tacit explicit and developing teachers’ metacognitive 
awareness of their teaching is crucial in the PCK development. (Loughran et 
al., 2006) Moreover, transforming teachers’ knowledge into professional 
knowledge includes making the knowledge public and commonly shared. 
Professional knowledge is also characterized by being accurate, verifiable, 
and continually improved. (Hiebert et al., 2002)  

 
2.3 Teachers’ beliefs and pedagogical content knowledge 

about the teaching of physics in this study 
There are different traditions and ways of considering teachers’ knowledge 
and beliefs. The present study utilizes both the model of practical conceptual 
change and the model of PCK in examining teachers’ thinking. They are 
complementary and both are considered important in trying to understand 
teachers’ thinking and how it is affected by in-service training. The model of 
practical conceptual change discusses the process of learning to teach as a 
conceptual change which takes place in the teachers’ previous beliefs through 
experience and formal education. This research is interested in the effect of 
the in-service training program on teachers’ beliefs. The value of the PCK 
model in this study lies in its acknowledgement of the importance of content 
knowledge as a source for effective teaching. The training program focused 
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on how to draw on content knowledge to find educational solutions; this is 
also emphasized in the PCK model. 

The content knowledge of physics includes knowledge of physical con-
cepts, i.e. qualities, laws and theories, and the hierarchical structure these 
form as well as the epistemology of the discipline, i.e. how these concepts are 
created (Kurki-Suonio & Kurki-Suonio, 1994; Koponen & Mäntylä, 2006). 
Content knowledge as such is not included in the PCK in this thesis. Some-
times it is difficult to separate them accurately and to determine the border-
line between content knowledge and PCK. However, it is not even important 
in this study. Nevertheless, in relation to teaching physics, PCK includes the 
knowledge of how to introduce different concepts of physics, what kind of 
qualitative observations, demonstrations, students’ practical work, quantita-
tive measurements, examples or analogies are appropriate in various contexts, 
situations and with different learners. Moreover, PCK includes knowledge 
about the aims of the chosen procedures; how to extend the meaning of a 
concept; and how to help students relate the concept to already existing con-
cepts when constructing knowledge of physics. An important part of physics 
teachers’ PCK is the knowledge of students’ common conceptions of the 
concepts of physics, how these conceptions affect learning, and how they can 
be taken into account when planning instruction. The context specificity of 
PCK can be seen in the difference, for example, of teaching Kirchhoff’s laws 
of electric current and Newton’s laws of motion. Although some general 
guidelines can be formed for how to approach a concept (the principles of 
perceptional approach), every domain and concept of physics carries its own 
special features, which must be taken into account when planning teaching. 
In order to do this a teacher has to draw on the theories of physics, the history 
and philosophy of physics and theories of learning. 

Of interest in this research is the teachers’ PCK, which includes teachers’ 
knowledge and beliefs about practical work and experiments in teaching 
physics. The term belief is used in this context because it is argued that for 
many aspects of PCK there are no correct or incorrect solutions; most of the 
aspects have their advantages depending on the situation. Moreover, another 
focus was on teachers’ beliefs about using the concept of interaction when 
introducing the concept of force in Newtonian mechanics. 
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3 Context of the study 

 
The intensive in-service training program for physics teachers carried out in 
1996–2000 at the Department of Physics formed the context for this study. 
The program was designed to enhance experimental teaching approaches and 
to introduce the perceptional approach, a practical teaching philosophy focus-
ing on the role of experiments in constructing meanings for concepts of phys-
ics. Moreover, the concept of interaction as a basic organizing concept in 
teaching Newtonian mechanics is highlighted in the perceptional approach. 
This chapter first discusses the in-service training program, its goals, imple-
mentation and background (3.1). Then it considers the role of experiments in 
general (3.2) and particularly in the perceptional approach as presented in the 
in-service training (3.3). The chapter concludes with notions of the role of 
interacting bodies in teaching Newtonian mechanics (3.4).  

 
3.1 In-service training program for physics teachers 
Concern about students’ conceptual understanding of physics as reported by 
extensive research over the past few decades, the demands of information 
society, the growth of high-tech enterprises, and the need to secure Finland’s 
competitiveness and the supply of a qualified labour force were among the 
factors that inspired the national development program “Finnish Mathemati-
cal and Natural Science Awareness” (LUMA Joint National Action) for 
mathematics and sciences education initiated by the Ministry of Education in 
1996. The general objective of the program was to raise the level of mathe-
matical and scientific knowledge up to international standards, and develop 
the teaching and learning of mathematics and the natural sciences in order to 
prepare students for further studies and improve citizens’ abilities to acquire 
the mathematical and scientific knowledge needed in everyday life. Moreover, 
the aims were to increase the number of students opting for sciences in upper 
secondary schools, improve gender equality regarding the studying and learn-
ing of mathematics and sciences, and increase the number of qualified 
mathematics and science teachers. The implementation of the whole LUMA 
program consisted of several sub projects. The LUMA project launched by 
the National Board of Education aimed particularly at developing learning 
environments that encourage students to make observations and perform 
experiments. To meet these goals the professional development program for 
physics teachers was organized and schools were financially supported to 
acquire necessary laboratory equipment. (Lavonen, Meisalo & Juuti, 2004) 
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Within the framework of the LUMA-project the long-term, 30 ECTS-
credits In-service Training for Physics Teachers (ITPT) was organized for 
lower and upper secondary school physics teachers at the Department of 
Physics at the University of Helsinki in the late 1990s. The training was 
based on physics teachers’ pre-service training program including four 
closely connected courses. The aim of these courses was to deepen the under-
standing of physics, its process and structure as well as to guide teachers to 
utilize this understanding in teaching. The training particularly focused on 1) 
the ways concepts are formed and represented, 2) epistemological aspects of 
knowledge, 3) how different areas of physics are organized and represented 
for instruction, and finally, 4) how knowledge evolves in the learning process. 
The emphasis was on how the knowledge of physics and its nature influence 
how physics as a school subject can be approached. Consequently, the pur-
pose was to develop teachers’ pedagogical content knowledge (PCK). 

The program contained contact training periods including lectures, semi-
nars and laboratory lessons. In addition, the participants formed local study 
groups that worked at their home sites during distance learning periods, 
which included the planning and writing the reports in addition to performing 
the experimental parts at the participants’ schools. Working in small study 
groups was expected to promote collaboration between teachers and reflec-
tion on their beliefs about teaching physics. During the distance learning 
period the work was guided by e-mail discussions. In addition, an e-mail list 
was set up for sharing general advice, but also to provide the participants 
opportunities to communicate their opinions and ask general questions. The 
performance of the courses included reports and seminar presentations. The 
ITPT has run three times. The first project started up in 1996 and lasted 17 
months; the third project ended in 2002. Altogether about 300 physics teach-
ers completed the training program. The present study concerns the first and 
second projects. 

 
3.2 The role of experiments in physics education 
Practical work is considered to have an important role in physics education 
(Hofstein & Lunetta 2003; Millar 2010) and is also emphasized in the Finnish 
National Core Curriculum for Upper Secondary Schools 2002 (FNGUSS, 
2002). The articles included in this thesis use the terms experiments and 
practical work interchangeably when referring to all kinds of methodical 
procedures ranging from personal observation to carefully controlled and 
conducted inquiries and experiments with specific goals; demonstrations 
carried out by the teacher; or experiments undertaken by students either indi-
vidually or in small groups. Thus practical work or performing an experiment 
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include a wide variety of activities, from observing phenomena and planning 
of experiments to carrying out experiments, performing measurements and 
drawing of conclusions. Some researchers make a distinction between ex-
periments and practical work (Millar, 2010). Accordingly, practical work is a 
broader concept comprising many kinds of activities happening in science 
classrooms and usually performed by students. Moreover, experiments also 
refer to more special activity taking place in a school laboratory involving an 
intervention and testing of hypothesis. However, this differentiation is not 
underlined in this thesis. 

The important role of experiments in science education is justified as be-
ing a link between the world of observable objects, events and properties and 
a mental representation of the world (Millar, 2004). Experiments are used in 
physics education to enhance students’ learning and understanding of scien-
tific concepts and knowledge. Students can make observations in order to 
identify phenomena or they can conduct precisely planned laboratory ex-
periments in order to examine dependencies between quantities or to test 
hypotheses. (Hodson, 1996; Lazarowitz & Tamir, 1994) In addition, it is 
argued that practical work in physics education enhances better understand-
ing of the empirical nature of natural sciences and scientific practice, as well 
as develops working and laboratory skills such as observation, measuring, 
estimation, planning and interpretation (Kirschner, 1992; Hodson 1996). 
Moreover, students’ attitudes toward and motivation to study science will 
become more positive, and will in turn enhance personal growth (Gott & 
Duggan, 1996). The importance of practical work is also supported by the 
contextuality of learning (Wilkinson, 1999), and by the possibilities of en-
hancing the role of social interaction as a catalyst for learning (Ford, 1999). 

Teachers give a wide range of reasons or motives for using experiments. 
According to the results of large scale studies in the United Kingdom con-
cerning lower secondary school science teachers’ goals for practical work the 
most important goal is to arouse interest. There have been no significant 
changes in teachers’ views about the aims of practical work over the last 50 
years. However, in upper secondary schools the aims of practical work are to 
support learning either by illustrating a theory or as an integral part of con-
structing knowledge and motivation. This is not considered to be as important 
for younger students. (Abrahams & Saglam 2010) In Finland Hirvonen & 
Viiri (2002) have made similar conclusions when studying physics student 
teachers’ objectives of practical work. According to their research, the most 
important objectives for experiments are to increase understanding, relate 
theory to nature and increase students’ interest. 
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Efforts have been made to study the complex relationship between practi-
cal work and learning, i.e. the effects of experimental teaching approaches on 
students’ learning. The evidence of many studies suggests that practical work 
does not achieve these desired goals and it has little impact on students’ con-
ceptual understanding of physics (Watson, Prieto & Dillon, 1995; White, 
1996). Although much of the research has been criticized for being inade-
quately designed, the importance of practical work and the role of experi-
ments in science education have been questioned (Hodson, 1996; Osborne, 
1993). There is a wide range of variation in how practical work can be car-
ried out, but research reports on the effects of practical work do not often 
clarify the type of practical work under study (Tobin, 1990). Assessing learn-
ing results or the various skills acquired from practical work is challenging 
and general conclusions about the effects of experiments on learning are 
difficult to make. Thus, in examining the effects of practical work, the prob-
lem has to be outlined precisely and the role and purposes, as well as the 
quality of the experiments specified (Lunetta, Hofstein & Clough, 2007). 

Research literature has identified problems related to practical work in 
school laboratories. Kirschner (1992) states that if experiments are not related 
to the other aims of instruction, practical work may fail in achieving its aims. 
Practical work has also been criticized for low cognitive demand, especially 
when using strictly structured practical tasks where students are given exact 
instructions in how to proceed and arrive at the expected results without 
needing to think about the reasons for the procedures (Kirschner, 1992; Mil-
lar, 2004). The problem with many experimental activities may also lie in the 
students’ preoccupation with technical issues and manipulating of equipment, 
which limits the opportunities to reflect on observations, express conceptions 
and share ideas (Millar, 2004; Tobin 1990; Lunetta et al., 2007).  

The resemblances and differences between practising science and learn-
ing science, and especially the role of experiments in constructing knowledge 
have been subjects of discussion. Also a question of debate is whether sci-
ence education should reflect or resemble the scientific method and whether 
the way science is practised is also the best way to teach science (Kirschner, 
1992; Millar 2004). Teachers’ beliefs regarding the epistemic role of experi-
ments strongly affect the way in which the teachers use experiments in a 
school laboratory, or whether they utilize experiments at all (Hodson, 1992; 
Lumpe et al., 2000). Consequently, the epistemic role of experiments in the 
process of constructing knowledge when learning science should be dis-
cussed and defined more closely. 

Research literature in science education roughly classifies experimental 
work in school science into two types: On the one hand, traditional, formal 



Context of the study 17 

 

experimental work where experiments are used in a verificatory role, and on 
the other hand, discovery oriented experimental work (Kirschner, 1992). In 
the first context teachers use experiments in order to illustrate and confirm 
concepts earlier introduced by the teacher or textbook, as well as to demon-
strate laws to test hypotheses and support or falsify theories or models (Laz-
arowitz & Tamir, 1994; Lunetta et al., 2007). The verificatory role of ex-
periments has mostly been the focus in educational literature, and practical 
work in science education is often of a confirmatory nature (Justi & Gilbert, 
2002; Tobin, 1990). By contrast, when experiments have an inductive role, 
students, by observing and performing experiments, proceed from observa-
tions to conclusions and knowledge using inductive generalizations. This 
view of the role of experiments in teaching science was popular in the 1960s 
in the discovery learning based on the inductive conception of the scientific 
method. The idea of the inductive method linked with a child-centred view of 
education resulted in the view of students as scientists, who were encouraged 
to perform enquiries independently and find things out themselves (Millar, 
2004). However, this enquiry-based approach has been criticized as a naïve 
conception of developing understanding of concepts based solely on observa-
tions and the findings of experiments (Millar, 2004; Lunetta et al., 2007). 
Further, the role of theory and the influence of students’ prior ideas in mak-
ing observations, as well as the interdependence of experiments and theory 
are not taken into account (Kirschner, 1992). Nevertheless, according to 
Lunetta et al. (2007) despite the changes the inductive role of experiments 
brought to the science curricula, science teaching remained quite traditional. 

In addition to these two epistemic roles of experiments in the teaching of 
science, perceptional experimentation (Kurki-Suonio, 2011), which is de-
scribed in more detail in chapter 3.3, and generative experimentation (Kopo-
nen & Mäntylä, 2006) were developed in order to avoid the limitations and 
simplifications of both the inductivist and verificatory roles of experiments. 
Perceptional as well as generative experimentation start from observation and 
produce quantities from qualities by assigning empirical meanings to quanti-
ties. Theory is at least to a large degree based on experiments. On the first 
level of the concept formation process, experimentation has an investigative 
and exploratory character. According to generative experimentation, the role 
of theory becomes more important in the following steps of producing 
knowledge, where theory serves as a means of organizing of dependencies 
found in experiments. The concept of generative experimentation is devel-
oped taking into account the process of students’ own construction of knowl-
edge and active role in learning but also the history and philosophy of phys-
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ics. It thus reflects the methods of 19th century physics, which school physics 
is mainly based on. (Koponen & Mäntylä, 2006) 

 
3.3 Perceptional approach 
The perceptional approach, a practical teaching philosophy was developed at 
the University of Helsinki during 1973–2000 and formed the basis for phys-
ics teacher education at the Department of Physics. The main ideas of the 
perceptional approach summarized in the following were introduced in the 
ITPT project. The perceptional approach is based on the idea that the mean-
ings of concepts are first empirical and a primary understanding of phenom-
ena is constructed based on qualitative observations. Experimental activities 
including sensation, conscious observation, qualitative and quantitative ex-
periments as well as organized research projects play important roles in con-
structing meanings for concepts. Theoretical procedures aid in the perception 
of meanings by treating and interpreting the experimental results and produc-
ing predictions. Accordingly, all concepts in physics are both experimental 
and theoretical at the same time. Intuition has a central role in this concept 
formation process. Teaching physics according to the perceptional approach 
leads from observation to understanding and from experiments to theory. 
(Kurki-Suonio, 2011) 

According to the perceptional approach, understanding physics means 
first and foremost an awareness of the empirical meanings of concepts. Per-
ception plays a fundamental role in all learning. Perception refers to an intui-
tive process arising from the interaction of nature and mind where empirical 
meanings as gestalts are created through observations and interpretations. 
The world is perceived in different types of basic gestalts such as space, time, 
entities, phenomena, properties, dependencies and causal relationships. Enti-
ties are subjects of nature, phenomena are events and both of them have per-
ceivable properties. The empirical meanings for concepts are constructed on 
a qualitative level by identifying and observing phenomena, entities and their 
properties. Pre-quantifying observations, i.e. observations of differences of 
magnitudes or strengths, form comparative gestalts and different degrees of 
properties. Quantification is a process that transforms qualitative concepts 
into quantitative level; properties become quantities and dependencies be-
tween properties transform into laws. However, the process of quantification 
does not add new meanings to concepts. Definitisations, extensions and gen-
eralisations further extend the meanings of concepts. 

Although the perceptional approach emphasizes the student’s individual 
process of perception arising from the interaction between mind and nature, it 
also acknowledges the role of the social process arising from interaction 
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between minds. According to Kurki-Suonio (2011) by communicating and 
negotiating about meanings the social process aims at mutual agreement. The 
perceptional approach stresses the role of language in the social process. The 
meanings of concepts cannot be separated from their verbal use and they are 
internalized when they are used in different contexts. The guideline “mean-
ings first” captures the essential idea of the approach by addressing the im-
portance of creating meanings for concepts before introducing the names for 
them. (Kurki-Suonio & Kurki-Suonio, 1994) Parallel thoughts have been 
proposed by Arons (1997). His principle “idea first and name afterwards” 
addresses the significance of the awareness of meanings for concepts and the 
opportunity for students to first make qualitative observations and as a result 
form meanings for concepts. The same idea appears in Tobin’s (1990) article: 
“Experiences with phenomena and events provide opportunities for students 
to construct images to which language can be assigned at a later time.” He 
also emphasizes the negotiation of meanings when doing practical work and 
making sense of the observations made. The importance of language in learn-
ing and social processes is also addressed by Mortimer & Scott (2003). Ac-
cording to them, social interactions are central in learning scientific knowl-
edge which involves an introduction to the language and symbolic world of 
the scientific community and the scientific way of thinking. In the process of 
internalization students compare their understandings with the scientific ideas 
presented by the teacher or views of other students. This process is also 
called meaning making. Kurki-Suonio (2011) refers to the process as concept 
formation. 

The ideas in the perceptional approach can, according to Siemsen (2011) 
and Siemsen & Siemsen (2009), be traced back to Ernst Mach and his phe-
nomenology. Siemsen & Siemsen (2009) point out many similarities between 
the basic ideas of perceptional approach and Machian educational ideas such 
as the similarity of the processes of research and learning and the meaning of 
experimentation. Kurki-Suonio uses the term Gestalt; the corresponding term 
in Finnish, “hahmo”, also forms the basis for the verb “hahmottaa”, which is 
the Finnish word for perceiving and an essential part in the Finnish name for 
perceptional approach. The influence of Machian phenomenology is seen in 
Eino Kaila’s synthesis of Gestalt psychology and the Erkenntnis-theoretical 
view as well as in Rolf Nevanlinna’s ideas of the relation between mathemat-
ics and physics, which in turn have influenced and further developed in the 
ideas of Kurki-Suonio. Kaila promoted a phenomenological approach based 
on experimentation in both science and science education and Siemsen & 
Siemsen (2009) argue that Kaila’s influence was transmitted through K. V. 
Laurikainen to Kurki-Suonio.  
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3.4 The role of interaction in teaching Newtonian mechanics 
In the development of Newtonian mechanics and its subsequent interpreta-
tions the concept of interaction was central, although it was not always ex-
plicitly expressed. In Helmholtz’s reconstruction of Newtonian mechanics in 
the 18th century, forces arise from interactions between two objects, and 
force does not exist without interaction between objects. Newton’s laws de-
scribe the effects of interactions and make force a quantity expressing the 
strength of an interaction. (Jammer, 1957/1999; Heidelberger, 1993; Brown, 
1989) In many mechanics textbooks (Knight 2008), however, force is related 
to a push or a pull and the forces acting on one body are analysed. Newton’s 
laws are usually introduced in the order they appeared in Newton’s Principia. 
The first and second laws are linked to a moving body disconnected from the 
context of interaction between two bodies. After them the third law is intro-
duced, which states that “To every action there is always opposed and equal 
reaction: or the mutual actions of two bodies upon each other are always 
equal, and directed to contrary parts.” 

Introducing the concepts of mechanics in the form of a ‘one body prob-
lem’ might be related to students’ difficulties in understanding Newton’s 
third law and the symmetry of interaction. Students’ conceptions about force 
and motion as well as difficulties in understanding Newton’s laws have been 
studied extensively over the past decades (Halloun & Hestenes, 1985). A 
common conception is to consider force as a property of an object. From that 
point of view, it is natural to consider a situation with two objects asymmetri-
cally. Moreover, interaction is interpreted as a conflict between opposing 
forces (Eryilmaz, 2002). Consequently, if the masses of the objects differ, 
one would expect that the larger would exert a greater force on the other, and 
the object which causes motion or is the more active one exerts a greater 
force on the other object. Halloun and Hestenes (1985) refer to this concep-
tion as the dominance principle. Other research has come to the same conclu-
sions and reported similar difficulties of students’ understanding of Newton’s 
third law (Maloney, 1984; Terry & Jones, 1986; Brown, 1989). According to 
Maloney’s (1984) study conducted at the university level, less than 10% of 
the students were constantly able to apply Newton’s third law in various 
contexts. These studies have suggested that Newton’s third law should have a 
more significant role in teaching introductory physics, and the idea that 
forces arise from interactions should be underlined in developing an under-
standing of the force concept. 

The perceptional approach used in the in-service teacher training program 
highlighted the idea of interaction as a phenomenon which causes the 
changes of motion of both of its counterparts. It was hoped that when teach-
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ing Newtonian mechanics the teachers, instead of concentrating on one mov-
ing body, would emphasize one interaction between two bodies. Accordingly, 
teachers were encouraged to start teaching introductory mechanics by identi-
fying interactions and by using observations or experiments that demonstrate 
the symmetry of interactions. This includes the recognition of a variety of 
interactions with varied bodies and strengths as well as different kinds of 
changes of motion. 
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4 Problem statement and research methods 

 
This chapter discusses the goals of this study as well as the overview of the 
research process and the research methods containing the data-gathering and 
analysis of the data. First, we present the purpose of the study and the speci-
fied research questions (4.1). Then we explain the research methods includ-
ing teachers’ internet questionnaires, interviews and students’ multiple-
choice tests, and report on the implementation of the study and the phases of 
the research process and the sample (4.2). 

 
4.1 The Purpose of the study 
The aim of the study is to explore teachers’ experiences of the intensive in-
service physics teacher training program and its effect on teachers’ pedagogi-
cal content knowledge (PCK), especially concerning the role of experiments 
and the role of interaction between two bodies in teaching Newtonian me-
chanics. In addition, we examine the effect of teachers’ beliefs about interac-
tion on students’ conceptual understanding of Newton’s third law. 

 
The goals of the study can be specified in the following research ques-

tions: 
 
1 What forms of in-service training do teachers consider to be  the 

most valuable for their teaching? 
 
2.1 What is the effect of a long-term in-service training program on 

teachers’ beliefs about the role of experiments in physics education? 
2.2 How do teachers use experiments in teaching Newtonian mechan-

ics after the in-service training program? 
 
3.1 What are teachers’ beliefs about the role of interaction (interacting 

bodies) in teaching Newtonian mechanics after the intensive in-
service training?  

3.2 How do teacher’s beliefs about the role of interaction influence 
students’ conceptual understanding of mechanics in the context of 
Newton’s third law? 

3.3 What is the average level of conceptual understanding of Newto-
nian mechanics in Finnish upper secondary schools measured with 
the Force Concept Inventory? 
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4.2 Research methods and procedures 
The first research question concerning teachers’ experiences in the in-service 
training program (Article II) and research question 2.1 concerning the effect 
of the program on teachers’ beliefs about the role of experiments in physics 
education (Article III) are answered on the basis of a teacher survey. Re-
search question 2.2 complements question 2.1 by exploring teachers’ beliefs 
about the role of experiments and especially their epistemic role in the con-
text of teaching Newtonian mechanics. Research question 3.1 deals with 
teachers’ beliefs concerning the role of interaction between objects also in the 
context of Newtonian mechanics. These are studied qualitatively using 
teacher interviews. A multiple choice diagnostic is used to answer research 
question 3.2 dealing with the influence of teachers’ beliefs on students’ con-
ceptual understanding of Newton’s third law. The research methods were 
chosen on the basis of the nature of the research questions. In the following 
the teacher survey is first explained (4.2.1), then the teacher interviews are 
presented (4.2.2) and finally the multiple choice diagnostic is introduced 
(4.2.3). All these subchapters include information on the sample, implemen-
tation and procedures of the studies as well as a discussion of the validity and 
reliability of the research methods. The research instruments are available on 
request. 

 
4.2.1 Teacher survey concerning teachers’ opinions of the ITPT 

and beliefs about experiments in physics education 

To answer the first research question, i.e. teachers’ opinions on how useful 
the in-service training was for their daily work as teachers, a web-based ques-
tionnaire containing 15 closed questions and one open question about experi-
ences of studying in the project was compiled (Article II). The closed ques-
tions asked the participants to assess how useful the studying methods in the 
four courses of the training program as well as the e-mail list and IRC discus-
sions were in their daily teaching. The open question asked the participants to 
write general comments about the program and its effects on their work. 
Research question 2.1 concerned the effect of the in-service teacher training 
program on teachers’ use of experiments in their instruction. The ITPT em-
phasized the use of experiments according to the perceptional approach. It 
was hoped that teachers would adopt this way of teaching or at least intro-
duce more experimental elements in their instruction. A web-based question-
naire containing four open questions (Article III) was implemented. Teachers 
were asked to enumerate practical work in their teaching, give reasons for 
using experiments, describe changes in their use of experiments and evaluate 
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their skills in organizing practical work. Open questions were chosen in order 
to let the participants answer freely and express their beliefs on their own 
terms without predetermined categories (Patton, 2002).  

Physics teachers engaged in the in-service training were invited to par-
ticipate in the study. The experimental group consisted of 207 teachers who 
had finished the in-service training, while the control group consisted of 60 
teachers who were just about to start the training program. The web-based 
questionnaire was received from 98 teachers in the experimental group and 
from 53 teachers in the control group. For exploring teachers’ experience of 
the in-service training (research question 1) the data was naturally collected 
only from the experimental group. The implementation and the sample are 
described in more detail in the Articles II and III. The answers to the closed 
questions were analysed according to conventional statistical methods while 
in the analysis of the open questions two researchers first independently of 
each other and then after a discussion constructed the appropriate categories 
for the answers. This was done by inductive analysis (Patton, 2002), i.e. the 
teachers’ written answers were explored in order to discover patterns and 
interrelationships. After the categories were formed the responses were ana-
lysed again and the data were organized according to the categories. 

One reason why a web-based questionnaire survey can lead to false re-
sults is a misunderstanding of the questions. It is difficult to ensure that the 
questions are understood as the researcher has intended. Another limitation is 
related to the ability of open questions to reveal respondents’ beliefs includ-
ing the writing skills of the respondents (Patton, 2002). This concerns both 
the effort and ability required to formulate written answers which authenti-
cally reflect the respondents’ beliefs. 

 
4.2.2 Teacher interviews concerning teachers’ beliefs about the 

role of experiments and interaction in teaching Newtonian 
mechanics 

Teacher interviews were used to answer research question 2.2, concerning 
teachers’ beliefs about experiments in teaching Newtonian mechanics after 
in-service training, and research question 3.1, concerning beliefs about the 
role of the concept of interaction in teaching Newtonian mechanics. Teacher 
interviews were implemented for the purpose of understanding how physics 
teachers experience and understand experimental work and the concept of 
interaction, i.e. for the purpose of revealing their PCK. Semistructured inter-
views were used in order to guide the teachers as little as possible and let 
them freely express their beliefs in a discussion-like interview. Four re-
searchers compiled a list of main points (background information, the main 



26 Johanna Jauhiainen	  

 

themes in the mechanics course, the introduction of different quantities and 
laws, typical lessons, materials of instruction) that were of interest and posed 
in the interviews. 

All teachers participated as volunteers. Information about the research 
was spread through an e-mail list for physics teachers. In addition, letters, e-
mails, and faxes were sent to physics teachers in the Helsinki Metropolitan 
area. Altogether eighteen teachers participated in the research, seven of 
which had completed the in-service training program. The results of the study 
regarding teachers’ use of experiments reported in the Article V were based 
on interviews of those seven teachers. In the report on the results of the study 
in Article IV the interviews of all eighteen teachers were used as data. How-
ever, for the presentation of the results in this thesis, the results of the original 
study are supplemented with information regarding participation in the train-
ing program. 

The interviews lasting approximately 30 minutes were carried out in the 
schools of the participants, except for one interview which was carried out by 
phone because of the remoteness of the school. All the interviews were re-
corded on audiotape. Because of schedule problems the interviews were held 
by two researchers in turns. The teachers were guided to tell about their prac-
tices in teaching Newtonian mechanics. The interviewer tried to avoid direct 
questions in order to support teachers’ reflective thinking, and keep the at-
mosphere relaxed so that the teachers could articulate their ideas as freely as 
possible. Since a researcher’s questions and comments can affect a teacher’s 
response, the interviewer tried not to take a stand on the teachers’ comments. 
The advantage of a less formal interview is that the interviewer can change 
the sequence and wording of the questions, as well as explain them in more 
detail. In addition, it was decided to use an indirect approach in phrasing and 
organizing the questions. In fact, most questions followed from what the 
interviewee said. Moreover, the interviewer tried to avoid making the pur-
pose or the issues raised too obvious. It has been suggested that an indirect 
approach encourages the interviewees to respond more frankly. (Cohen & 
Manion, 1994) The details of the implementation and sample can be found in 
the Articles II and III. 

The interviews were transcribed according to common procedures. Non-
verbal statements were not noted in the transcription process. The transcrip-
tion and analysis were carried out by the author of this thesis. First the data 
were sorted into content areas by distinguishing the relevant issues from 
those less relevant. Then the topics of interest (i.e. teachers’ comments about 
using experiments and the role of interaction) were analysed by focusing on 
similarities and differences in the ways in which the participants had re-
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sponded. The researcher had to decide when two expressions, which were 
different at the word level, had the same meaning. The data were divided into 
units of analysis, reduced and then classified into categories through an in-
ductive procedure. Moreover, the researcher had to find the critical attribute 
of each category and distinguish the relevant features among the different 
categories. The categories resulting from the analysis arose from the data. 
The process involved repeated readings of the interviews, and the analysis 
went through several runs. The categorization of the teachers’ responses in 
the interviews is supported in the articles by quotations from the interviews. 
(Miles & Huberman, 1994) 

The results of the teacher interviews must be viewed as the subjective 
perceptions of the respondent. The study gives little information on how the 
teachers actually act in the classroom. Because in the framework of this study 
it was not possible to observe teachers’ actions and experiments or demon-
strations performed in the classroom, in order to improve the validity of the 
research the students of the teachers were asked to propose the most useful 
teaching methods their teachers used during the mechanics course. From a 
list of different methods students chose the five most useful methods, of 
which the two most important ones are examined in this study. These results 
are analysed quantitatively. The results of the student survey support the 
results of the teacher interviews concerning teachers’ use of experiments in 
teaching Newtonian mechanics. 

 
4.2.3 The Multiple choice diagnostics on the force concept 

Research question 3.2 related teachers’ beliefs about the concept of interac-
tion and its role in teaching Newtonian mechanics to students’ understanding 
of Newton’s third law. Since students’ conceptions of force have been 
broadly explored and standardized conceptual tests have been designed to 
determine the level of conceptual understanding, it was decided to translate a 
widely used and acknowledged diagnostics, the Force Concept Inventory 
(FCI) (Hestenes, Wells & Swackhamer, 1992), into Finnish. The FCI probes 
students’ conceptions of Newtonian mechanics, especially the concept of 
force, as well as students’ ability to apply basic concepts and laws of Newto-
nian mechanics in various contexts. The FCI has been constructed on the 
basis of a qualitative study about students’ conceptions about force and mo-
tion covering kinematics, Newton’s first, second and third laws, the superpo-
sition principle and various kinds of forces. The test includes 30 multiple-
choice questions; each question has only one scientifically correct alternative 
from a total of five alternatives. The rest of the alternatives represent typical 
students’ conceptions. Qualitative multiple-choice inventories probing stu-
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dents’ understanding of various physical concepts have become popular in-
struments in physics education research. Despite the criticism that these tests 
give a limited and simplified view of learning and understanding (e.g. Sandin, 
1985; Steinberg & Sabella, 1997), they have attracted the attention of physics 
instructors at both the secondary school and university levels by providing 
the opportunity to evaluate and compare students’ learning as well as evalu-
ate and improve instruction. The FCI was also used in answering the research 
question 3.3 on the average level of conceptual understanding of Newtonian 
mechanics. 

The study included the translation of the FCI into Finnish by the author of 
this thesis. The translation process along with a discussion of the validity and 
reliability of the translation are described in Article I (pp. 104–105). The 
sample of the study concerning research questions 3.2 and 3.3 (reported in 
Articles I and IV) consisted of 386 students from 18 schools, aged 16 and 17 
years. The FCI was administered after instruction in mechanics. All students 
had completed their introductory units on forces, which included the basics of 
kinematics, dynamics and Newton’s laws of motion. The tests were distrib-
uted to the teachers just before testing, so it was not possible to teach to the 
test. The students had a full class period (45 minutes) to complete the test. 
Details of the implementation and sample can be found in Articles I and IV. 
FCI questions probing students’ understanding of Newton’s third law have 
been selected for analysis in connection with research question 3.2, while the 
whole test is considered when dealing with the average level of conceptual 
understanding of Newtonian mechanics (3.3). The results are analysed ac-
cording to common statistical procedures. The analysis compares the results 
of different teachers’ students using t-tests and investigates the dependencies 
between students’ conceptual understanding and teachers’ beliefs. 
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5 Results 

 
The main results of the study reported in this thesis are distributed in the 
articles and are summarized in what follows in the order of the research ques-
tions. First, the findings in Article II concerning teachers’ experiences in the 
in-service training program and its usefulness in their daily work are summa-
rized in the chapter 5.1. Further, chapter 5.2 gathers the results from the Arti-
cles III and V relating to the second research question dealing with teachers’ 
beliefs concerning the role of experiments in physics instruction and the 
effects of the in-service training on these beliefs. Based on the results of 
Articles I and IV, teachers’ pedagogical content knowledge (PCK) regarding 
the role of interaction in teaching Newtonian mechanics, the effect of the in-
service training on this and the influence of teachers’ PCK on students’ con-
ceptual understanding of Newton’s third law are reported in chapter 5.3. 
Finally, chapter 5.4 summarizes the results of the research examining the 
average level of students’ conceptual understanding of mechanics. 

 
5.1 Teachers’ opinions and experiences of the in-service 

training program 
Article II reports the participants’ experiences and opinions about the differ-
ent courses in the in-service training program (ITPT), and the forms of train-
ing they consider valuable for their teaching and its usefulness for their work 
as physics teachers. The opinions were examined with a web-based question-
naire including 15 closed questions and one open question. The study was 
done after the training and involved 98 teachers.  

Figure 1. (p. 131) in the Article II presents the results of the closed ques-
tions regarding the advantage of the courses and the study methods. Accord-
ing to the results nearly 80% of the participants were of the opinion that the 
lectures, seminars and other studying methods were at least of some advan-
tage. The course Experimentation in School Laboratory (ESL) was consid-
ered to be most valuable for their work at school. About 70% of the teachers 
thought that studying in small groups, and planning, performing and report-
ing experimental work were a great advantage in their everyday teaching. 
The lectures in the course Conceptual and Processual Structure of School 
Physics (CPSSP) and reading the physics textbook series called Galilei re-
lated to the program as well as the lectures in History of Physics (HP) were 
regarded as very advantageous by at least 40% of the respondents. According 
to the teachers’ responses the least advantageous course in the program was 
Principles of Concept Formation (PCF), which discussed the principles and 
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philosophical background of the perceptional approach (see chapter 3.3). 
About 25% of the participants considered the lectures in the course to be 
great advantage. Similarly, about every fourth participant considered it an 
advantage to follow the e-mail list. More than half of the participants felt that 
taking part in the IRC discussions was of no advantage.  

The open question asked teachers to give comments about the effects of 
the ITPT project on their daily work. Four categories emerged from the an-
swers. Of the teachers 17% stated that they had adopted a new approach to 
teaching where experiments have an important role in the concept formation 
process. Fifty-four per cent of the teachers had adopted new elements into 
their teaching; these included concept maps, stories from the history of phys-
ics, and laboratory tasks. Nineteen teachers wrote that they had learned more 
physics and 25 stated that they had developed professionally during the ITPT 
project. In addition, there were other comments, including the statements of 
five teachers who said that they had not learned anything during the project. 

 
5.2 The effect of intensive in-service training on teachers’ 

beliefs about the role of experiments in physics instruc-
tion 

The second research questions 2.1 and 2.2 deal with the effect of the inten-
sive in-service training program (ITPT) on teachers’ beliefs about the role of 
experiments in physics instruction, and how teachers use experiments in 
teaching Newtonian mechanics. This is reported in the Articles III and V. The 
findings in Article III were based on the web-based questionnaire. According 
to the results, the in-service training program had no effect on the number of 
experiments the teachers used. The teachers showed demonstrations on aver-
age every second lesson and organized practical work on average every 
fourth lesson in both the experiment and control groups. The most important 
reason for using experiments according to the teachers in both groups was 
that it helps students learn the concepts of physics. This was mentioned 
among the three most important reasons for using experiments by 93.4% of 
the teachers in the experiment group and by 98.1% of the teachers in the 
control group. We analysed this reason more precisely by investigating the 
epistemic role of experiments in teachers’ statements. Most of the teachers 
gave general statements about the contribution of experiments on learning. 
According to the analysis, 18.4% of the teachers in the experiment group and 
17.0% of the teachers in the control group stated that the experiments aimed 
at creating meanings for concepts. Further, 9.2% of the teachers in the ex-
periment group and 17.0% of the teachers in the control group stated that 



Results 31 

 

experiments aimed at illustrating the meaning of concepts. However, none of 
these differences were statistically significant. 

Moreover, the teachers were asked to express changes in their usage of 
experiments. Of the teachers 24.3% in the experiment group and 6.8% in the 
control group stated that they paid more attention to the goals of the experi-
ments than they did earlier, which in the case of the experimental group re-
fers to the time prior to the in-service training program. This difference is 
statistically significant. In addition, teachers were asked to analyse their 
demonstration skills. The teachers in the experiment group considered their 
demonstration skills to be good on average, while the teachers in the control 
group considered their skills to be satisfactory. The teachers in both groups, 
however, considered their skills in organizing practical work to be good on 
average. 

Article V complements the study concerning teachers’ beliefs regarding 
the use of experiments with a qualitative analysis. After the ITPT program 
teachers had different beliefs about using experiments in teaching Newtonian 
mechanics. According to the analysis of the teacher interviews, the responses 
of the teachers can be divided into two main categories. In the first, experi-
ments did not have an important role in the concept formation process in 
Newtonian mechanics; this was contrary to the second category, where ex-
periments were considered to be in an important part of the instruction of 
mechanics and the starting point of creating meanings for concepts. The cate-
gories are presented briefly below, and in more detail in Article V, including 
quotations from the interviews, which illustrate the different categories.  

In the first category, teachers did not regard experiments as having an im-
portant role in the concept formation process in the instruction of mechanics. 
These teachers did not systematically use experiments; instead they lectured 
and emphasized the mathematical and problem solving part of physics. The 
concepts and quantities in mechanics were defined by mathematical relations 
and physical laws were introduced as axioms. These teachers sometimes 
showed demonstrations in order to verify laws or models that had been intro-
duced before by other means.  

In the second category, the role of experiments in supporting the process 
of constructing meanings for concepts in teaching Newtonian mechanics was 
important. The teachers placed in this category systematically used both 
demonstrations and students’ practical work. They encouraged the student’s 
active role in the experimental work and thought that it supported learning. 
Moreover, experiments were used as a basis for constructing meanings for 
concepts. The teachers in this category considered the ITPT program to be 
useful for their work and they had implemented the ideas learned from the 
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different courses, especially the role of experiments, in their work as physics 
teachers. However, the interviews also revealed some uncertainty on the part 
of some teachers regarding the adoption of the new role for experiments. 

Furthermore, a questionnaire was given to the students (n= 104) of the 
participating teachers in order to examine what teaching methods used in the 
mechanics course the students considered to be valuable for their learning. 
According to the results of the student survey, 13% of the students whose 
teachers did not consider experiments as having an important role in teaching 
mechanics considered demonstrations useful and 2% considered experiments 
done by the students themselves useful for their learning. Among the students 
of the teachers who systematically used experiments and emphasized their 
role in the concept formation process the respective numbers were 37% and 
18%. These differences between the students of the teachers in the two cate-
gories were statistically significant in the case of demonstrations and statisti-
cally almost significant in the case of students’ experiments. Hence, this 
supports the categorization of the teachers’ statements. 

 
5.3 Teachers’ beliefs about the role of interaction in teach-

ing Newtonian mechanics 
Research question 3.1 considered teachers’ beliefs regarding the role of inter-
action (interacting bodies) in teaching Newtonian mechanics and the effect of 
the in-service training program on these beliefs. In addition, we analysed how 
these beliefs influenced students’ conceptual understanding of Newton’s third 
law (Article IV). This is prefaced by a study exploring students’ conceptual 
understanding of the Newtonian force concept (Article I). 

The study of physics teachers’ beliefs about the role of interaction in 
teaching Newtonian mechanics involved 18 upper secondary school teachers 
of whom 11 had taken part in the in-service training program. The results of 
the interviews showed that the teachers can be roughly divided into teachers 
who did not consider interaction to have an important role in teaching New-
tonian mechanics and teachers who understood interaction to be a basic or-
ganizing concept which contributes to students’ understanding of the force 
concept. However, this latter category involved a variety of beliefs concern-
ing to what extent interaction should be emphasized. Thus this category was 
divided into two subcategories. In the first subcategory, teachers recognized 
the importance of interaction in teaching Newtonian mechanics, yet it did not 
play a central role in the instruction; in the second subcategory, where the 
teaching of Newtonian mechanics was based on interaction, which appeared 
in different representations and was supported by demonstrations or practical 
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work. These categories are described in more detail in Article IV (pp. 153–
155). In Article IV however, the teachers who had completed the in-service 
training were not distinguished from those who had not taken part in the 
program. Thus the results of the study summarized in Table 1 (p. 155) in 
Article IV are displayed here again with information about the teachers’ 
participation in the in-service training program. 

 
Table 1. Teachers’ Beliefs about the Concept of Interaction 

Category 1 
(N=2, Nc=2) 

Category 2 
(N=9, Nc= 5)  

Interaction is not used 
in the instruction of 
mechanics. 

Interaction is considered as a basic organizing concept in mechanics, 
which explains changes in the state of motion, and thus is used in the 
instruction of mechanics. 

Subcategory1.1 
(N=0, Nc=2) 

Subcategory2.1 
(N=7, Nc=3) 

Subcategory 2.2 
(N=2,Nc=2)  

Interaction is under-
stood in a restricted 
sense. 

The concept of interaction 
is not fully understood. 

The concept of interaction is systemati-
cally used and emphasized in the instruc-
tion. 

  Subcategory 2.2.1 
(N=1,Nc=0) 

  Students’ conceptions are taken into 
account. 

N refers to the number of teachers in the experiment group and Nc respectively to the number of 
teachers in the control group. 

 
Although the number of participants is small and we cannot make quantita-
tive conclusions of the numbers of teachers placed in different categories, the 
Table 1 shows that both these teachers who had participated in the program 
and those who had not taken part were placed in both main categories. Two 
of the four teachers who did not use interaction in the instruction of mechan-
ics (Category 1) had completed the in-service training program. In the second 
category, 9 out of 14 teachers had taken part in the program, but seven of 
those nine teachers failed to explain in detail how they used interaction. 
These teachers stated that the concept of interaction had a central part in their 
instruction, but the interviews revealed that they had not fully adopted the 
concept. The teachers in subcategory 2.2 systematically used interaction as a 
guiding principle when teaching Newtonian mechanics. Two of the four 
teachers in this category had completed the training program.  

Research question 3.2 deals with the influence of teachers’ beliefs on stu-
dents’ understanding of Newton’s third law. The results of students’ answers 
to the four questions probing their understanding of Newton’s third law 
showed that teachers’ beliefs had a moderate effect on students’ understand-
ing. Those students whose teachers considered interaction a general organiz-
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ing principle in teaching Newtonian mechanics (category 2.2) achieved a 
mean score of 2.9, while the students whose teachers did not consider interac-
tion as having an important role (category 1) achieved a mean score of 2.2. 

 
5.4 Students’ conceptual understanding of the force concept 
The average level of students’ conceptual understanding of Newtonian me-
chanics was evaluated based on the multiple-choice diagnostic, the Force 
Concept Inventory FCI. According to the results of the study involving 386 
students from 18 different schools, the mean score of the FCI test was 17.4 
(maximum 30) and the standard deviation 6.3. Fifty-two percent of the stu-
dents did not reach the minimum level of understanding the Newtonian me-
chanics, as suggested by the designers of the test (Hestenes et al., 1992). 
Moreover, only 20% of the students could systematically apply the Newto-
nian force concept in various contexts and reach the level of answering cor-
rectly at least 80% of the questions. A closer analysis of the different items in 
the FCI displays the mastering of Newton’s laws, but also reveals common 
conceptions that students have about force. Ten percent of the students were 
able to apply Newton’s second law and 28% Newton’s third law in different 
situations. Thirty-six percent of the students systematically answered accord-
ing to the impetus belief, i.e. in a hit, for example, an object receives an in-
ternal force, which keeps the object in motion, while 22% of the students 
held the so-called dominance conception, according to which in an interac-
tion situation the bigger or the more active party exerts a greater force on the 
other. 
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6 Discussion  

 
Two key points in the extensive in-service training program for physics 
teachers organized at the Department of Physics during 1996–2000 were the 
importance of experiments in teaching physics, with a special emphasis on 
the role of experiments in creating empirical meanings for concepts accord-
ing to the perceptional approach, and the role of the concept of interaction as 
an organizing principle in teaching Newtonian mechanics. The studies com-
prising this thesis examined the influence of the training program on teachers’ 
pedagogical content knowledge (PCK) in terms of their beliefs about these 
key points. Some implications are drawn from the results of these studies. 
First, we discuss the use of experiments in physics education (6.1) and the 
role of the concept of interaction in teaching Newtonian mechanics (6.2). 
Then we consider general implications for in-service teacher education (6.3). 
Although the study concerned in-service teacher training, many of these 
implications can also be generalized to pre-service education. Finally, the 
discussion concludes with an overall assessment of the study and its validity 
(6.4). 

 
6.1 Implications of the study regarding the role of experi-

ments 
According to the results of the studies reported in Articles II and III, 17% of 
the teachers who participated in the program stated that they had adopted a 
new teaching style, and 18% said their reasons for using experiments were 
based on the ideas of the perceptional approach. In addition, the finding that 
there were no statistically meaningful differences in the reasons for using 
experiments in physics education between the experiment and control groups 
implies the resistance of previous beliefs and the difficulty in developing 
teachers’ PCK. The proportion of teachers who did not consider experiments 
important was on average 12% among both the teachers who had participated 
in the program and those who were just starting the program. However, be-
cause we did not explore the beliefs of the teachers before in-service training, 
there remains some uncertainty whether the beliefs of these teachers actually 
remained unchanged during the program. 

On the other hand, the laboratory course, in which teachers worked in 
small groups and designed and implemented laboratory activities on their 
own, was considered of great advantage for their daily work by 70% of the 
participating teachers. Moreover, the majority of teachers stated that they had 
adopted new elements and developed their teaching, and as a result paid more 
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attention to the goals of experimental activities. In addition, their confidence 
in performing demonstrations had improved during in-service training, be-
cause they evaluated their skills in performing experiments to be better than 
the control group’s. Also, the results of the study reported in Article V are in 
parallel with these findings. Some teachers were greatly influenced by the 
training and adopted the role of experiments in helping to create meanings for 
concepts within the framework of the perceptional approach. Others attached 
little importance to the role of experiments in enhancing students’ learning 
and preferred introducing concepts by other means. That the training did not 
influence teachers’ beliefs more is of concern.  

Although research has failed to show a clear impact of practical work on 
students’ conceptual learning, there is still a common belief about its useful-
ness in students’ conceptual understanding of physics (Abrahams, 2011). The 
challenge for in-service teacher education is to support teachers in their use 
of experiments. The teacher interviews (Article V) revealed uncertainty in 
teachers’ beliefs. They questioned the usefulness of experiments when they 
noticed that the aims set for practical work were not achieved. Since teachers 
are usually quite alone with their practical teaching problems, personal guid-
ance and mentoring would be of great importance in in-service training. This 
claim is supported with the finding that teachers benefitted most from the co-
planning of and reflection on laboratory experiments during the ITPT. If 
teachers conclude, that practical work does not contribute to students’ learn-
ing and they cannot find solutions on their own for improving the way practi-
cal work is performed, there is a risk that they will give up experiments. The 
interviews also revealed other problems related to the use of practical work. 
Some teachers considered practical work important in physics instruction, but 
they encountered problems when they noticed that it took longer to cover all 
the topics in the curriculum using such teaching approaches than with more 
traditional approaches including lecturing. The difficulty of guiding and or-
ganizing practical work in a class with 25 students or more was also chal-
lenging and possibly frightening, and could cause teachers to prefer an ap-
proach based on other premises. Thus teacher education should provide op-
portunities to practice purposeful designing, planning and organizing of prac-
tical work that supports students’ thinking when performing experiments. 

The emphasis of the in-service training program was to analyse and iden-
tify the role of experiments in the concept formation process, i.e. the role of 
experiments in supporting students’ process of meaning making. According 
to the results of the teacher survey (Article III) concerning teachers’ objec-
tives for practical work the most frequent reason concerned students’ learning 
of concepts. This finding is consistent with the study of Hirvonen and Viiri 
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(2002), in which student teachers not only used experiments in a verificatory 
role, but also considered their role in constructing knowledge. This was also 
suggested by Nivalainen, Asikainen, Sormunen & Hirvonen (2010) in their 
analysis of students’ tutoring discussion. In the present study, too, the differ-
ent epistemic roles of experiments emerged, even though less than one third 
of the teachers specified the objective of learning physics. 

In order to develop practical work, a more detailed analysis of its charac-
teristics is needed: how and what kind of experiments contribute to student 
learning? Many researchers are of the opinion that practical work in the role 
of verifying already introduced concepts or laws is worthless in contributing 
to students’ learning and can even reduce students’ motivation (Kirschner, 
1992). Therefore, teachers need to make conscious choices when using ex-
periments, and recognize the epistemic role and carefully define the aims 
involved. Practical work should not be an activity for the sake of activity, but 
an integral part of the concept formation process along with other modes of 
instruction such as concept maps; otherwise, practical work may fail to 
achieve the aims set for it. 

 
6.2 Implications of the study regarding the concept of inter-

action 
The results of the study reported in Article IV suggested that considering the 
concept of interaction as a basic organizing concept in teaching Newtonian 
mechanics enhanced students’ understanding of Newton’s third law and 
hence their understanding of the force concept. In other words, the important 
role of interaction in teachers’ PCK in the context of mechanics contributed 
to students’ learning. Consequently, the instruction of mechanics should start 
with identifying and classifying of interactions; the students should be guided 
to solve mechanics problems by identifying the interactions the body is in-
volved with and demonstrations should be designed to illustrate the effects of 
the interaction on both parties. Moreover, Newton’s third law and its concep-
tual understanding should receive more emphasis in instruction. Other studies 
on teachers’ PCK have also recognized the importance of addressing the role 
of Newton’s third law in developing students’ understanding of force, and 
suggested that Newton’s third law be introduced before the first or second 
law in order to successfully guide the students in constructing their force 
conception (Loughran et al., 2006). There was no evidence in this study (Ar-
ticle IV, chapter 5.3) however that participation in the in-service program 
significantly changed teachers’ beliefs in acknowledging the role of interac-
tion in constructing meaning for the force concept. Many teachers were con-
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vinced of the advantage of it in teaching mechanics, but their responses re-
vealed uncertainty, and they were unable to describe how the important role 
of interaction appeared in their instruction. This illustrates the difficulty in 
fully adopting a concept or reshaping previous conceptions in the PCK. Simi-
lar difficulties in adopting new beliefs were found regarding the role of ex-
periments. 

 
6.3 Implications of the study for teachers’ in-service educa-

tion and discussion about teachers’ pedagogical content 
knowledge 

The results of these studies suggest that physics teachers’ beliefs concerning 
the use of experiments in physics teaching or beliefs regarding the use of the 
concept of interaction were not significantly changed by the intensive in-
service training program. These are in accordance with previous research 
regarding the stability of teachers’ beliefs (Haney et al., 1996). Just as stu-
dents’ conceptual change is a slow and gradual process, for teachers, chang-
ing beliefs and adopting new ideas also seem to be a slow and gradual proc-
ess. This is also in accordance with the model of practical conceptual change 
(Feldman, 2000), which states that in order to change a practical belief the 
teacher first has to acknowledge the deficiencies in the existing beliefs. Al-
though the ITPT provided opportunities for teachers to express their beliefs 
in the written reports and in the initial plans for the course Experimentation 
in School Laboratory, as well as share opinions with peers in small groups 
when planning experiments, it seems that the teachers’ initial beliefs were not 
explicitly elicited. Further, teachers could implement the practical work they 
planned in their schools but it was not obligatory. Thus the requirements that 
a new practical theory must be sensible, beneficial and enlightening accord-
ing to the practical conceptual change model may not have been fulfilled.  

In order to change their beliefs teachers need to become aware of their be-
liefs. In this study, the teacher interviews revealed that teachers often had 
difficulties in expressing their beliefs or giving reasons for their educational 
decisions. According to Shulman (1986), professional teachers can reason 
their decisions and justify their actions. Consequently, teacher training should 
encourage teachers’ reflection, i.e. thinking about their thinking, and help 
teachers make their beliefs explicit and become conscious of their PCK. 
Conversation with peers, for example, provides a forum in which teachers 
can articulate their conceptions, share ideas about teaching and develop them 
further. In the ITPT an e-mail list was established for this purpose, but the list 
was not found to be very useful. Yet, more than ten years after it was estab-
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lished it is still operating and providing teachers a forum for sharing their 
opinions and posing questions that occupy their minds regarding content 
knowledge, curriculum, PCK or just general issues about teaching physics. 
The social media also has the potential nowadays to connect teachers, espe-
cially in sparsely populated areas. Although providing a forum for teachers to 
share ideas with their colleagues is important, it may not serve in enhancing 
teachers’ metacognitive development, which requires a more profound analy-
sis of beliefs and knowledge. Nevertheless, despite the attempts to provide 
the participants in the in-service training opportunities to express their beliefs, 
the challenge for teacher education is still to improve ways and innovate 
activities which further support teachers in critically reflecting on their be-
liefs.  

An expert teacher takes students’ conceptions into account and creates 
opportunities and engaging activities that help them identify their concep-
tions, guide them toward constructing new meanings for concepts and pro-
mote their conceptual understanding. Correspondingly, an expert teacher 
educator acknowledges teachers’ previous beliefs and practices and builds on 
them to develop PCK (Hodson, 1996; Loughran et al., 2006). Consequently, 
when organizing teachers’ in-service education it must be taken into account 
that developing PCK is a time-consuming process and teachers’ existing 
beliefs must be recognized. 

Furthermore, in the same way as it is not effective for a teacher to present 
information about scientific concepts and assume that the student will imme-
diately understand and adopt it, it is also not effective for a teacher educator 
to present information about teaching methods and assume that teachers will 
uniformly make these ideas their own and adopt them as part of their PCK. 
The ineffectiveness of lectures was also demonstrated in the study concerning 
teachers’ opinions of the ITPT program. They considered the lectures in the 
course Principles of Concept Formation least useful. This does not mean, 
however, that lecturing is always ineffective; lecturing can also be developed 
by activating the listeners. Activities, discussions and other opportunities 
could guide teachers in developing their PCK and enhancing their under-
standing of science education and its different approaches. Another reason 
for the course Principles of Concept Formation being valued least might be 
that this course introduced the theoretical principles of the perceptional ap-
proach and dealt with the ontological and epistemological nature of physics 
and physics education. Further, all the activities in the laboratory course 
which were closely linked to the teachers’ daily work were considered advan-
tageous. These outcomes are consistent with research findings on physics 
teachers’ conceptions of teacher knowledge (Asikainen & Hirvonen, 2010), 
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according to which teachers value knowledge which is directly related to 
teachers’ practice, and theoretical or abstract aspects of knowledge are not 
regarded as useful. However, these researchers note the importance of theo-
retical knowledge in teachers’ knowledge base. Accordingly, attention should 
be paid to helping teachers recognize the utility of more theoretical discus-
sions in developing their PCK. One possible way of doing this is to introduce 
student teachers and in-service teachers to the concept of PCK, hoping that it 
will support learning about teaching physics and thinking about science 
teaching as a specialized and professional practice requiring much more than 
different teaching methods and tips and tricks (Loughran et al., 2006). Hence, 
teachers could be encouraged to become acquainted with the theoretical un-
derpinnings of the different teaching approaches and achieve an even higher 
level of PCK. 

One aspect which can reduce the effects of in-service training is the diffi-
culty of teachers to take on the role of a learner. Making oneself vulnerable 
and having to rethink one’s knowledge is contrary to the role of a teacher, 
who is used to being in control (Bransford et al., 2000). Consequently, the in-
service training program must aspire to help teachers become comfortable in 
their role as learner for a change. The explicit use of the concept of PCK and 
when taking responsibility for one’s own professional learning may be a 
valuable tool to increase teachers’ awareness of their own development. 
Moreover, involving teachers in conducting research on science education as 
researchers or at least in collaboration with researchers can also result in 
reflection on one’s conceptions and in improving instruction. This can avoid 
situations in which the researcher is an external observer in the school and 
the teachers are subjects of the research. For instance, although, the inter-
viewer tried not to comment on the teachers’ statements and keep the inter-
view as relaxed as possible, sometimes the teachers expected the interviewer 
to give the correct answer. This may also affect teachers’ responses and even 
reduce the willingness to participate in research. Teacher education programs 
could also assist in better communication between physics education re-
searchers and teachers as well as encourage teachers to become acquainted 
with research literature and draw on the results of studies to analyse their 
beliefs, improve practice and further develop their PCK. This also challenges 
researchers to provide results of research in forms that can be easily adapted 
and made use of by the teachers (Hiebert et al., 2002). 

PCK provided a framework for the study to investigate teachers’ concep-
tions and the effect of the project on teachers’ ideas, but it also served as a 
framework, although not very explicitly, for the aims of the ITPT project. 
Traditionally, in physics teacher education PCK was not taught at the De-
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partment of Physics. At present, however, the Department of Physics offers 
special courses for teaching physics based on the content knowledge of phys-
ics. Developing physics teacher education as a collaborative effort between 
the Department of Physics, the Department of Teacher Education and the 
training schools is of major importance in fostering teachers’ PCK. 

 
6.4 Validity and assessment of the study 
The idea of exploring the effect of in-service training on teachers’ PCK came 
after the second round of the ITPT program. Consequently, the research itself 
had to be done on a tight schedule and with limited time and resources for 
carefully designing and preparing the study. Thus, in the beginning of the 
research, the overall picture of the study was fuzzy. During the project the 
aims of the study became clearer; this was especially the case with the 
teacher interviews. The interviewers were relatively inexperienced in carry-
ing out interviews; and it would have been wise to do a pilot exam or at least 
a pilot interview. Yet, because of the unique nature of the training program, 
data had to be collected soon after its completion. There has been a delay in 
the summing up of the results and writing this thesis because of parental 
leaves. In the following we discuss some limitations of the research. The 
discussion about the validity of the different research methods are discussed 
earlier in chapter 4.2. 

One limitation of the original studies of this thesis is related to the idea of 
examining the effect of in-service training on teachers’ PCK. The fact is that 
teachers are susceptible to various kinds of influences such as curriculum 
guidelines, textbooks, MBL-tools and other training opportunities as well as 
their colleagues. It is impossible to identify and control all the relevant vari-
ables. Thus it cannot be absolutely concluded that the effects found in this 
research are consequences of the training program under study. 

The results of the research on teachers’ beliefs about the role of experi-
ments after the completion of in-service training were based on a study in-
volving an experimental and a control group. In the experimental group, i.e. 
teachers who had completed the program, only about half of the teachers took 
part in the study. Consequently, we must be satisfied with the results and 
assume that the findings of this study tell us what the teachers’ beliefs were 
after the training program. 

The teachers taking part in the interviews were not volunteers randomly 
selected. Presumably these teachers were more active and willing to improve 
their instruction than the average physics teacher in Finland. However, the 
schools participating in the study well represented Finnish upper secondary 
schools, because schools from both bigger and smaller cities as well as the 
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countryside participated in the research. In addition, the sample consisted of 
both so-called better upper secondary schools with a high admission grade 
average, and schools that accept nearly all students. Also the variation be-
tween teachers’ professionalism among the OECD countries is generally 
known to be the smallest in Finland (Lavonen & Laaksonen, 2009). To sum 
up, since selection of the teachers can limit the generalizability of the results, 
caution must be used when generalizing the results obtained here. Teachers’ 
or students’ names were not revealed in any form; thus confidentiality was 
not a problem. However, because of the small size of the community of phys-
ics teachers in Finland some teachers were slightly reserved in their com-
ments in the interviews. This can have minor effects on the results. 
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7 Concluding remarks 
 
In the framework of a national science and mathematics education develop-
ment program an intensive in-service physics teacher training program was 
organized at The Department of Physics at the University of Helsinki. Ac-
cording to the model of pedagogical content knowledge (PCK) (Shulman, 
1986) the knowledge bases of content and pedagogy were combined in the 
training program. Thus, the program focused on guiding the teachers to draw 
on physics, its structure and epistemology, in designing physics teaching, i.e. 
organizing the content of physics from the teaching perspective and repre-
senting the concepts of physics in ways that promote students’ conceptual 
understanding. The emphasis was, particularly, on how experiments could be 
used in creating meanings for concepts, i.e. supporting students’ meaning 
making. The model of PCK served as a framework for designing the program 
and, in this study, for analysing the effects of the training program. 

The results of this study confirmed previous findings as to the difficulty 
in changing teachers’ beliefs and developing their PCK (Kagan, 1992). Fur-
ther research is needed to explore the sources of teachers’ knowledge and 
beliefs and how teachers adopt new ideas or even completely new teaching 
approaches, and moreover, what kind of problems they face when changing 
their beliefs and previous ways of teaching. A systematic approach to re-
searching pre-service teacher education provided at the Department of Phys-
ics has been established in order to develop the preparation of prospective 
teachers. Student teachers’ conceptual understanding of physics and its struc-
ture, linked with their PCK, are subjects of ongoing investigation (Mäntylä, 
2011; Nousiainen, 2012). 

The in-service training program as such will not be repeated, but short 
term courses are offered for teachers to update their knowledge on various 
currently interesting topics. However, offering a course in which teachers 
could make the most of developing their PCK could be reconsidered. The 
knowledge achieved through the research of the experiences of the ITPT 
program described in this thesis could be implemented in the planning of the 
course. 
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