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ABSTRACT

ARTICLE HISTORY

We investigated the levels of and changes in mathematics anxiety (MA), symbolic
numerical magnitude processing (SNMP) and arithmetic skills, and how those
changes are linked to each other. Children’s (n = 264) MA, SNMP and arithmetic skills
were measured in Grade 1, and again in Grade 2, also including a mathematics
performance test. All three constructs correlated signiﬁcantly within each time
point, and the rank-order stability over time was high, particularly in SNMP and
arithmetic skills. By means of latent change score modelling, we found overall
increases in SNMP and arithmetic skills over time, but not in MA. Most interestingly,
changes in arithmetic skills and MA were correlated (i.e. steeper increase in
arithmetic skills was linked with less steep increase in MA), as were changes in SNMP
and arithmetic skills (i.e. improvement in SNMP was associated with improvement in
arithmetic skills). Only the initial level of arithmetic skills and change in it predicted
mathematics performance. The only gender diﬀerence, in favour of boys, was found
in SNMP skills. The diﬀerential eﬀects associated with MA (developmentally only
linked with arithmetic skills) and gender (predicting only changes in SNMP) call for
further longitudinal research on the diﬀerent domains of mathematical skills.
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Introduction
Numerous people experience mathematics anxiety
(MA), “the feelings of tension and anxiety that interfere
with the manipulation of numbers and the solving of
mathematical problems” (Richardson & Suinn, 1972,
p. 551), which may have a negative impact on
various areas in life, including academic situations
(Ashcraft, 2002; Dowker et al., 2016). An often-reported
ﬁnding is a negative connection between MA and
mathematics performance (Barroso et al., 2021). One
view on the underlying mechanisms contributing to
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this connection suggests MA to be associated with
deﬁcits in low level numerical magnitude processing
(i.e. intuition about quantity and mental manipulation
of non-symbolic or symbolic magnitudes, supported
by approximate number system [Dehaene, 2011; Vanbinst et al., 2016]) that subsequently compromise the
development of higher-level mathematical skills,
such as arithmetic (Maloney et al., 2011). This question
is still unresolved, as some studies have found support
for this assumption (e.g. Lindskog et al., 2017), and
some others not (e.g. Colomé, 2019).
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Among younger children, the ﬁndings on the
negative connection between MA and mathematics
performance are less clear, and the role of numerical
magnitude processing in this context is virtually unexplored. Some studies, mainly cross-sectional, demonstrate the presence of MA already in early grades
(although see Szczygieł & Pieronkiewicz, 2021) and
its coupling with inferior mathematics performance
(e.g. Cargnelutti et al., 2017; Gunderson et al., 2018;
Primi et al., 2020), while other studies have failed to
detect this negative connection (Haase et al., 2012;
Krinzinger et al., 2009). This also applies to the
linkage between MA and numerical magnitude processing. Some evidence shows MA to be negatively
connected with numerical magnitude processing
(Pantoja et al., 2020), while some have found this to
be limited only to symbolic, not non-symbolic numerical magnitude processing (Gómez-Velázquez et al.,
2015; Hart et al., 2016).
As the above associations have not been explored
from a developmental perspective, we will in this
study expand on previous research by investigating
the longitudinal relations between MA, symbolic
numerical magnitude processing (SNMP) and arithmetic skills from ﬁrst to second grade. Thus, this is,
to our knowledge, the ﬁrst study to examine the
developmental relations between these three constructs among school beginners. Moreover, as
ﬁndings on gender diﬀerences in young children’s
MA have been mixed (Dowker et al., 2016; Zhang
et al., 2019) or entirely disregarded, in previous
studies, we will also look at the role of gender in
these developments.

The relation between mathematics anxiety
and mathematics performance
MA is considered as a multidimensional construct,
which is best represented by two distinct dimensions,
aﬀective and cognitive (Ho et al., 2000). Both dimensions become apparent in anticipation of solving problems as well as during actual problem solving. The
aﬀective dimension of MA (MA-A) refers to feelings
of nervousness, tension, fear and unpleasant physiological reactions, when having to solve mathematical
problems in everyday and academic situations or
when anticipating the need to do so (Namkung
et al., 2019). For example, a student may experience
fear and increased heart rate when thinking of a forthcoming math class or a math exam at school. The cognitive dimension of MA (MA-C), in turn, refers to
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negative thoughts, expectations and worries in connection to one’s anticipated performance in mathematics-related situations (Namkung et al., 2019).
For example, a student may feel extremely worried
about not succeeding to solve math problems
correctly.
Despite decades of research on the connections
between MA and mathematics performance (Carey
et al., 2015; Dowker et al., 2016), only recently has
more attention been paid to younger children. Of
studies investigating these relations among children
aged six to eight, the majority of research has
focused on the MA-A, followed by studies combining
both aﬀective and cognitive dimensions (MA-Com),
and, ﬁnally, by a few studies exploring only the MAC (for an overview of all these studies, see Appendix).
While cross-sectional studies have consistently
found a negative relation between MA-A and children’s mathematics performance (e.g. Caviola et al.,
2017; Primi et al., 2020; Van Mier et al., 2019), even
after controlling for other types of anxiety (e.g. trait
anxiety) and cognitive factors (i.e. IQ, working
memory) (Lauer et al., 2018; Wu et al., 2012, 2014),
this is not the case for studies focusing on the MA-C
only (e.g. Dowker et al., 2012, 2019; Haase et al.,
2012; Wood et al., 2012). Then again, studies with
measures of MA-Com also report a negative relation
between MA and mathematics performance (Harari
et al., 2013; Jameson, 2013; Kucian et al., 2018).
These results thus suggest that at this age, it is children’s negative emotionality in mathematics situations rather than worry about one’s performance
that is linked to inferior mathematics performance.
This is partly in contrast to ﬁndings from a recent
meta-analysis on school-aged children, which
showed both dimensions of MA to be linked with
mathematics performance equally strongly (aﬀective,
r = −.31; cognitive, r = −.32) (Namkung et al., 2019).
Some possible explanations for this might be that in
later grades, schools are setting more formal curriculum-guided performance expectations for students’
mathematics learning, students’ skills are formally
assessed more frequently (e.g. math tests) and students start to become more aware of their emotions,
as well as realistic of their own level of performance
compared to their peers’ performance (Denham,
2006). Experiencing learning of mathematics as
diﬃcult and receiving negative feedback from formal
assessments may, in turn, increase student’s feelings
of negative thoughts, expectations and worry for
mathematics performance (Sorvo et al., 2017).
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Cross-sectional ﬁndings do not, however, reveal
how MA and mathematics performance are related
to each other over time. Only a handful of longitudinal
studies have been conducted on young children (see
Appendix), and the results are mixed. Findings have
shown arithmetic skills to predict later MA-C, but
neither MA-A nor MA-C to predict arithmetic performance (Sorvo et al., 2019), thus lending support for the
deﬁcit theory (e.g. Ma & Xu, 2004; Wang, 2020); both
MA-A (Cargnelutti et al., 2017) and MA-Com (Ching,
2017) to predict later arithmetic and mathematics performance, thus following the debilitating anxiety
model (Carey et al., 2015); no longitudinal relations
between MC-C and arithmetic performance (Krinzinger et al., 2009) and, ﬁnally; reciprocal predictions
between MA-A and mathematics performance (Gunderson et al., 2018), although with the eﬀect of mathematics performance on MA-A being considerably
stronger than vice versa.
The few studies available investigating developmental changes simultaneously in MA and mathematics performance in children show MA to be relatively
stable over time (β = .33–.63) and performance in
mathematics even more so (β = .63–.91) (Cargnelutti
et al., 2017; Gunderson et al., 2018; Krinzinger et al.,
2009; Sorvo et al., 2019). Instead, ﬁndings concerning
mean-level change during the early grades are also
mixed, suggesting both increase (Krinzinger et al.,
2009) and decrease from grade to grade (Gunderson
et al., 2018; Pantoja et al., 2020; Sorvo et al., 2019).
Note, however, that the average level of MA in the
beginning of the ﬁrst grade is usually extremely low
(Szczygieł & Pieronkiewicz, 2021), thus deﬁning the
onset of the change.

The role of numerical magnitude processing
There has been an increasing interest in identifying
cognitive factors that may aﬀect the relation
between MA and mathematics performance (e.g.
Beilock & Carr, 2016; Passolunghi et al., 2016; Schneider
et al., 2017; Skagerlund et al., 2019). Numerical magnitude processing (NMP) is considered as one possible
underlying factor in the development of mathematics
but also when it comes to the aetiology of MA. The
association between NMP and mathematics performance seems to partly depend on the number format
used in the NMP tasks. Studies using a symbolic
format (i.e. Arabic digits) have demonstrated more
consistent ﬁndings and stronger associations on mathematics performance than studies using non-symbolic

format (i.e. dots) (De Smedt, Noël, Gilmore, & Ansari,
2013; Schneider et al., 2017). SNMP has been found
to be linked with mathematics achievement within
and across diﬀerent grades in elementary school (Brankaer et al., 2017; Holloway & Ansari, 2009). Of subdomains of mathematics, SNMP has especially been
found to be a strong predictor of arithmetic ﬂuency,
and students performing well in SNMP to exhibit more
eﬀective arithmetic strategy use (i.e. being faster in
retrieving facts and using procedural strategies) (e.g.
Bartelet et al., 2014; Vanbinst et al., 2016). Interestingly,
Lyon et al. (2014) found this relation to change dynamically across the primary school years, and suggested
that when getting older, the children are relying more
on accessing the ordinal information in numerical
symbols than the relative magnitude of them. Therefore, we might see a diminishing strength in the relation
between SNMP and arithmetic skills over early school
years.
In relation to MA, one suggested view is that poor
functioning of NMP negatively aﬀects learning of symbolic numbers, and further creates negative feelings
in mathematics, which then leads to avoidance of
mathematics and inferior mathematics performance
(Lindskog et al., 2017; Maloney et al., 2011). In line
with this, some studies have reported a negative
association between MA and either symbolic
(Maloney et al., 2011; Núñez-Peña & Suárez-Pellicioni,
2014) or non-symbolic NMP (Lindskog et al., 2017;
Maldonado Moscoso et al., 2020) among older students. Further, Skagerlund et al. (2019) found SNMP
to mediate the eﬀect of MA on arithmetic performance, thus implying that MA might interfere with
the processing of numerical stimuli, which then negatively aﬀects arithmetic performance. In contrast to
these ﬁndings, Colomé (2019) did not ﬁnd evidence
for less precise NMP in students with high MA, while
Braham and Libertus (2018) showed MA to moderate
the relation between NMP and mathematics performance, but only on applied math problems.
While the role of NMP in the relation between MA
and mathematics performance is not yet clear in older
students, it is even less clear in younger ones. Interestingly, the few available studies addressing the relation
between MA and NMP, either directly or indirectly,
suggest that MA might be negatively associated
with SNMP, but not with non-symbolic NMP
(Gómez-Velázquez et al., 2015; Hart et al., 2016;
Wang et al., 2015). We clearly lack studies on school
beginners that would investigate not only concurrent
but also the developmental relations between NMP
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(and particularly SNMP, given the previous ﬁndings),
MA and mathematics performance.

Gender diﬀerences
The role of gender in mathematics development and
MA has received considerable attention (Barroso et al.,
2021; Lindberg et al., 2010). This is partly because girls
tend to be underrepresented in science, technology,
engineering and mathematics (STEM)-related study
and career ﬁelds later on (National Science Foundation & National Center for Science and Engineering
Statistics, 2019), which has raised the question of what
factors might explain this discrepancy and at which
points in development we may start to see gender
diﬀerences. Generally, boys and girls tend to show
similar levels of early mathematical skills (Kersey
et al., 2018) and later mathematics performance at
school, although some gender diﬀerences (in favour
of either girls or boys) have been reported on a
national level in several countries (Reilly et al., 2019).
Findings concerning gender diﬀerences in MA have
been more inconsistent. Although research has shown
no gender diﬀerences in the connections between MA
and mathematics performance (Barroso et al., 2021;
Zhang et al., 2019), females tend to report higher MA
compared to males, but mostly among older students
and adults (Hart & Ganley, 2019; Hembree, 1990). Findings on young children are somewhat mixed. A majority
of studies have not shown any gender diﬀerences
(Ching, 2017; Dowker et al., 2012; Harari et al., 2013; Hartwright et al., 2018; Kucian et al., 2018; Primi et al., 2020;
Ramirez et al., 2013; Wu et al., 2014), while in some
studies, girls have reported experiencing more MA
than boys (Gunderson et al., 2018; Lauer et al., 2018;
Sorvo et al., 2017), and sometimes also boys have been
found to display higher MA than girls (Dowker et al.,
2019). One possible explanation for these progressively
more systematic gender diﬀerences in MA draws on students’ increasing awareness of gender stereotypes
about academic abilities (McKown & Weinstein, 2003).
Indeed, some evidence suggests that the endorsement
of gender stereotypes in mathematics (e.g. “mathematics is a male domain”, “boys are good at maths”) by
females, tends to lead to an overestimation of one’s
level of MA (Bieg et al., 2015; Steﬀens et al., 2010).

Present study
Research on young children’s MA and its connection
with mathematical skills and performance is currently
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lacking longitudinal studies, which would help us to
understand the early developmental relations.
Further, the role of gender in MA is still unclear. In
this longitudinal study, we extend prior research by
investigating the levels of and changes in MA, SNMP
and arithmetic skills from ﬁrst to second grade, and
how those levels and changes are linked with each
other and to second grade mathematics performance.
Our ﬁve research questions (RQ) with accompanying
hypotheses (H) are outlined below.
RQ1. How are MA, SNMP and arithmetic skills connected
with each other at grades one and two?

We expect to ﬁnd negative concurrent relations
between MA and arithmetic skills in both grades
(H1.1) (e.g. Jameson, 2013; Kucian et al., 2018).
Although prior research is still very limited as to the
relation of SNMP and MA, we anticipate them to be
negatively associated (H1.2) (Gómez-Velázquez et al.,
2015). Further, positive relations between SNMP and
arithmetic skills are expected (H1.3) (Schneider et al.,
2017).
RQ2. How stable are MA, SNMP and arithmetic skills over
time, in terms of both rank-order stability and mean-level
change?

We anticipate signiﬁcant stability in MA and even
more so in mathematical skills (H2.1) (e.g. Sorvo
et al., 2019). We would also expect to detect signiﬁcant development in terms of mean-level increase in
children’s arithmetic and SNMP skills from ﬁrst to
second grade (H2.2) (Gunderson et al., 2018). As we
start to follow the children from the ﬁrst grade, we
presume the initial level of MA to be quite low (Szczygieł & Pieronkiewicz, 2021), and therefore expect to
see either no change or a slight increase in it on
average (H2.3).
RQ3. How are changes in MA, SNMP and arithmetic skills
linked with each other?

Since there is no direct previous evidence available, we make the following assumptions based on
the ﬁndings on concurrent relations or longitudinal
predictions. We expect the changes in SNMP and
arithmetic skills to be positively associated so that
improvement in one skill is related to improvement
in the other (H3.1) (Schneider et al., 2017). As previous
longitudinal studies have typically found a negative
link between MA and arithmetic skills (e.g. Sorvo
et al., 2019) and in cross-sectional studies between
MA and SNMP (Gómez-Velázquez et al., 2015), we
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assume an increase in arithmetic or SNMP skills to be
linked to a decrease in or less steep increase of MA or
vice versa (H3.2).
RQ4. Are there gender diﬀerences in the levels of and
changes in MA, SNMP and arithmetic skills?

We expect to ﬁnd no gender diﬀerences in the
levels of and changes in either SNMP or arithmetic
skills (H4) (Kersey et al., 2018), but we refrain from
speciﬁc hypotheses regarding MA due to the mixed
ﬁndings in previous studies (Dowker et al., 2019; Gunderson et al., 2018; Primi et al., 2020).
RQ5. How do the levels and changes in MA, SNMP and
arithmetic skills predict curriculum-based mathematics
performance?

We expect the levels of and changes in SNMP and
arithmetic skills to positively predict mathematics performance (H5.1) (Jordan et al., 2003; Schneider et al.,
2017). Based on recent meta-analyses (Namkung
et al., 2019; Zhang et al., 2019), we also expect MA
to predict mathematics performance negatively
(H5.2).

Methods
Participants
This study is part of a longitudinal project investigating the development of children’s numeracy
skills. A total of 264 Norwegian children participated
in the study (45.3% girls, Mage = 6 y. 9 m, SD =
3.33 m), and were followed up from ﬁrst to second
grade. Children came from ﬁve public schools (n =
12 classrooms) in the capital area of Norway. As
reported by their parents, 10.6% (n = 230) of the children spoke Norwegian as their second language, and
most of the children were from families with parents
having at least a Bachelor’s level degree (fathers:
85.2%, mothers: 89.1%). An ethical approval was
applied for and given by the Norwegian Centre for
Research Data before the data collection, and children’s parents and teachers gave their consent for
the study accordingly.
The children in Norway start schooling in August,
the year they turn six, and teaching follows the guidelines of the national core curriculum (The Norwegian
Directorate for Education and Training, 2013). By the
end of the second grade, the children are supposed
to have achieved certain competence goals in mathematics. For example, in Numbers to operate with
numbers up to 100, count and compare numbers

and use varied strategies in addition and subtraction;
in Geometry to recognise and describe 2- and 3dimensional ﬁgures, to use mirror symmetry and to
explore geometric pattern; in Measurement to
measure and compare length and area with non-standard and standard units, tell time, and to recognise
Norwegian coins and use those for buying and
selling; and in Statistics to collect, note and illustrate
data using for example tally marks and bar graphs
(see more in detail: The Norwegian Directorate for
Education and Training, 2013)

Measures
Mathematics anxiety
Seven items measuring MA in the context of mathematics lessons and doing homework were used
from the Achievement Emotions Questionnaire –
Elementary School (AEQ-ES) (Pekrun et al., 2007).
The items related to MA in exam situations were not
used from AEQ-ES, as children in Norway do not yet
have formal mathematics exams at school at this
age. The AEQ is intended to measure MA as a unidimensional construct (Lichtenfeld et al., 2012),
although the items seem to reﬂect both cognitive
(e.g. “When I do math homework, I worry if I will
ever understand it.”) and aﬀective (e.g. “When I
think about math class, I get nervous”) aspects of
MA. Each question was read aloud to the children
due to developing reading skills in this age group.
Then the child answered the question on a 5-point
Likert scale (1 = not at all – 5 = very much), with
anchored displays of faces showing increasing
emotional intensity, which should help children in
understanding the meaning of the Likert scale
better than using only numbers (for details, see the
AEQ-ES test description in Lichtenfeld et al., 2012).
To test the unidimensionality of our measurement
of MA, we ran a series of conﬁrmatory factor analyses
on time 1 and time 2 data comparing one- and twofactor solutions (i.e. MA-Com vs. separate MA-A and
MA-C as implied by item wording). At time 1, the ﬁt
of both one- and two-factor models were good and
similar, χ 2(14) = 37.59, p = .0006; CFI = .96; RMSEA
= .081; SRMR = .052, and χ 2(13) = 37.11, p = .0004;
CFI = .96; RMSEA = .085; SRMR = .052, respectively,
but the correlation between the factors in the twofactor model was .98. The time two results were virtually identical. Both one- and two-factors ﬁt the
data well, χ 2(14) = 33.38, p = .0025; CFI = .97; RMSEA
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= .076; SRMR = .053, and χ 2(13) = 29.22, p = .0072; CFI
= .98; RMSEA = .072; SRMR = .046, respectively, but the
correlation between the factors in the two-factor
model was .90. We also ran additional analyses to
compare the patterns of correlations between the
one- and two-factor solutions and other variables at
both time points. As shown in Table S1 in the Supplementary material, the correlations were very
similar across both solutions. Given the above, the
two-factor model was rejected due to being less parsimonious with no signiﬁcant added value, and we
chose to proceed with the one-factor model.

Symbolic numerical magnitude processing
The SYmbolic Magnitude Processing (SYMP) Test (Brankaer et al., 2017) was used to measure children’s symbolic numerical magnitude processing. There are two
subtests, one with one-digit and another with twodigit numbers. Each sub test has 60 digit pairs, presented in four columns of 15 pairs. The child needs to
cross out the larger of the two digits in a pair, in a
given time of 30 s per subtest (see test and item description more in detail: Brankaer et al., 2017). One point is
given for a correct answer and zero for an incorrect
answer, the sum score for each subtest, thus being the
number of the items correctly solved in 30 s.

Arithmetic skills
A standardised test Regnefaktaprøven [Test of arithmetic facts] (Klausen & Reikerås, 2016) was used to
measure children’s addition and subtraction ﬂuency,
and WISC-V: Regning [Arithmetic] (Wechsler, 2017)
for arithmetic word problem solving. In Regnefaktaprøven there are 45 items (either addition or subtraction) per page and the child has 2 min to solve
as many items as possible for each subtest. One
point is given for a correct answer and zero for an
incorrect answer, the sum score for each subtest
thus being the number of items correctly solved in 2
mins. In WISC-V Arithmetic, a word problem is read
aloud for a child one at a time. For the ﬁrst ﬁve
items, pictures are presented to support solving the
problem, and the rest of the problems are given
only verbally. The child has 30 s to solve each
problem and to give the answer verbally. The test
will be stopped after three consecutive errors. One
point was given for a correct answer and zero for an
incorrect answer or if the time limit is exceeded.
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Mathematics performance
To measure the learning of mathematics content the
children are taught in the second grade, a curriculum-based mathematics performance test was developed (Mononen, 2019), as such test was not available
in Norway at the time of the study. The test includes
tasks, which reﬂect the expected competence aims
in mathematics after Grade 2 in the National Curriculum (The Norwegian Directorate for Education and
Training, 2013)1, as well as tasks, which are often
included in the mathematics textbooks and typically
used in the second grade: Numbers (1–100; e.g.
number sequences, numbers on the number line,
addition and subtraction), Geometry (e.g. recognition
of ﬁgures, symmetry), Measurement (e.g. length [cm,
m], telling time, money) and Statistics (reading bar
graphs), with a total of 75 items. One point is given
for a correct answer and zero for an incorrect
answer. Children proceeded from task to task with
the guidance of a research assistant, who read the
task instructions aloud for the children.

Procedure
When needed, the test instructions were translated
ﬁrst into English and then into Norwegian, and the
item level questions were also back translated to
ensure the correspondence and quality of the translations, either by the research team members ﬂuent
in both languages or using authorised translators.
Children were tested as part of the larger data collection in the project. The ﬁrst data collection in the ﬁrst
grade (t1) took place within two months, between
March and the beginning of May 2019, and the
second data collection (t2) seven months later in the
second grade, between October and November. The
schools participated in the data collection in the
same order in spring and autumn, in order to keep
the distance between the two measurement points
as equal as possible for all the participants. At both
time points, the children participated one half a day
(3–4 h) session at the data collection site, during
which they were tested individually (WISC-V Arithmetic) and in small-groups of 2–3 (mathematics performance test) or of 4–5 children (AEQ-ES, SYMP,
Regnefaktaprøven) by trained research assistants
studying (special) education. Small breaks and a
lunch break were given between the assessment sessions. About 14% of the data (i.e. the data of three randomly chosen participants from each classroom for
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each test) were double coded. The correlations of sum
scores between the coders ranged between r = .885–
1.00, with coding errors connected to some children
having few items in a test with non-matching scores.
When needed, the original data (papers) were
checked regarding the non-matching sum scores,
and the ﬁnal data matrices corrected accordingly.

Data analysis
Latent change score modelling (LCS) within the structural equation modelling (SEM) framework is a

powerful and ﬂexible technique to investigate, for
example, how parallel developmental processes
unfold over time (McArdle, 2009). Within this
approach, observed measures are used to estimate
latent factors that represent both latent states and
latent changes. This is particularly suitable in the
present context, as we are interested in looking at
how MA, SNMP and arithmetic skills change across
the school year, and how those changes are linked
with each other. Diﬀerent approaches have been
introduced to examine interindividual diﬀerences in
intraindividual change through latent change scores

Figure 1. An illustration of a latent state model (longitudinal conﬁrmatory factor model) for construct X with three indicators and two measurement points (A), a latent change model for construct X (B), and a bivariate latent change model for constructs X and Y with a predictor and an
outcome (C). Factor loadings (λ) and intercepts are set to be invariant within constructs and over time in all models. Dashed lines represent
latent correlations. Correlated residuals between respective items across the measurement points omitted for the sake of clarity.
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(McArdle & Hamagami, 2001; Steyer et al., 1997). Here
we will follow a parametrisation where the latent
diﬀerence variables are directly connected to
observed indicators (Steyer et al., 2000).
The ﬁrst step is to specify a latent state model
describing latent states for each measurement occasion
(see model A in Figure 1). This is practically equivalent to
a longitudinal conﬁrmatory factor model (Widaman
et al., 2010). A prerequisite for a meaningful interpretation of latent scores is strong factorial invariance, as
we need to ensure that the constructs at each measurement occasion are measured in the same metric and
have the same origin of measurement (Vandenberg &
Lance, 2000). Therefore, all models will be speciﬁed
with time-invariant item intercepts and factor loadings.
To take into account indicator-speciﬁc eﬀects that
potentially bias the estimates (i.e. when items correlate
with themselves across the measurement points due to
identical wording or other method eﬀects), the models
may be extended to either include residual correlations
between identical items across the measurement
occasions or to specify indicator-speciﬁc method
factors (see Reuter et al., 2010). Here we will use the
former approach and specify correlated errors across
the measurement points.
The next step is to extend the latent state model
into a latent change model (see model B in Figure
1), for which additional loadings from the latent
factor representing the latent state at t1 to the
items measured at t2 are speciﬁed. By doing this,
the latter latent factor now represents latent change
scores between t2 and t1. Such a latent diﬀerence
variable can now be treated like any other latent variable within the SEM, meaning that it can, for example,
correlate with other latent variables or serve as a predictor or an outcome. This is illustrated in model C in
Figure 1. In a bivariate latent change model, latent
diﬀerence scores are estimated for two diﬀerent constructs, thus allowing the examination of correlations
between latent changes. Further, these changes can
be predicted by additional variables or set to predict
later outcomes.
In the present study, to address our research questions stepwise, we (1) estimated a multivariate latent
state model on MA, SNMP and arithmetic skills with
time-invariant item intercepts and factor loadings,
(2) extended this to a multivariate latent change
model, (3) added gender as a predictor on latent
states and changes and (4) included math performance as an outcome to be predicted by the initial
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states and latent changes, while taking into account
possible gender diﬀerences.
All analyses were conducted using the Mplus
-modelling software version 8.5 (Muthén &
Muthén, 2019), apart from descriptive and correlation analyses for each measure, which were done
in IBM SPSS Statistics (version 27). In the analyses,
MA items were treated as ordered categorical variables, due to which all models were estimated
using a robust weighted least squares estimator
(WLSMV) and the associated pairwise deletion
approach to handling missing data (Asparouhov &
Muthén, 2010). Following Finney and DiStefano
(2013), we used the comparative ﬁt index (CFI) in
conjunction with root mean square error of approximation (RMSEA) to evaluate model ﬁt along with the
chi-square statistic.

Results
Descriptive statistics of each measure at t1 and t2 for
all children and by gender, with reliability values, are
presented in Table 1 and correlations between the
variables in Table 2.
The multivariate latent state model with factor
loadings for each construct and intercepts for respective items across the measurement points ﬁxed equal
ﬁt the data adequately, χ 2(247) = 410.41, p < .001;
CFI = .92; RMSEA = .050 (CI90% = .041, .058), thus
demonstrating suﬃcient measurement equivalence
over time (see Table 3 for model estimates and
latent correlations). Latent correlations across the
measurement points, ranging from .62 for MA to .86
for arithmetic skills, showed considerable rank-order
stability in all constructs. SNMP and arithmetic skills
were strongly connected with each other at both
measurement points (r = .78 at t1, and r = .75 at t2),
and they also correlated negatively with MA.
However, these associations were moderate at best,
and appeared slightly stronger at t1. The correlation
between SNMP and MA in the second grade (r
= –.13) was no longer statistically signiﬁcant. The
latent means indicated some increase across the
measurement points in both SNMP and arithmetic
skills, but less so in MA.
The multivariate latent change model (with an
identical model ﬁt) veriﬁes this observation showing
signiﬁcant overall latent change in SNMP (ΔM = 2.64,
p < .001) and arithmetic skills (ΔM = 2.64, p < .001).
Variances were also signiﬁcant, pointing out to
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Table 1. Descriptive statistics of measures at t1 and t2 by gender.
All
Time point

α

SNMP-A

t1
t2
t1
t2
t1
t2
t1
t2
t1
t2
t2
t1
t2

.858
.882
.841
.880
.881
.917
.900
.892
.775
.786
.933
.788
.836

SNMP-B
Addition
Subtraction
Word problems
Math scale
Math anxiety

N
259
245
259
244
258
245
256
243
258
242
240
256
242

Girls

Boys

M

(SD)

n

M

(SD)

N

M

(SD)

17.29
19.53
7.97
11.06
5.76
11.00
4.50
7.72
11.24
14.14
48.02
1.25
1.20

(4.19)
(4.40)
(3.91)
(4.65)
(4.38)
(6.31)
(3.82)
(5.13)
(3.38)
(3.54)
(12.42)
(0.49)
(0.43)

119
112
119
112
119
112
117
111
119
111
110
118
112

17.16
18.86
6.82
9.37
5.46
10.65
4.10
7.51
11.28
14.37
48.43
1.26
1.18

(4.05)
(4.51)
(3.06)
(3.99)
(4.02)
(5.90)
(3.38)
(5.13)
(2.99)
(3.04)
(11.87)
(0.44)
(0.43)

140
133
140
132
139
133
139
132
139
131
130
139
132

17.41
20.09
8.94
12.49
6.01
11.30
4.83
7.89
11.20
13.95
47.67
1.24
1.21

(4.32)
(4.25)
(4.29)
(4.70)
(4.66)
(6.65)
(4.13)
(5.14)
(3.70)
(3.91)
(12.90)
(0.53)
(0.44)

Note: SNMP-A = symbolic numerical magnitude processing with 1-digit numbers (max. 60 p.), SNMP-B = symbolic numerical magnitude processing with 2-digit numbers (max. 60 p.), Addition =
addition ﬂuency (max. 45 p.), Subtraction = Subtraction ﬂuency (max. 45 p.), Word problems (max. 34 p.), Math scale = curriculum-based mathematics performance (max. 75 p.) and Math anxiety
= larger value indicates more anxiety (Likert scale 1–5).

Table 2. Correlation matrix of variables at t1 and t2.
Measure
1. SNMP-A
2. SNMP-A
3. SNMP-B
4. SNMP-B
5. Addition
6. Addition
7. Subtraction
8. Subtraction
9. Word problems
10. Word problems
11. Maths scale
12. Maths anxiety
13. Maths anxiety

Time point

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

t1
t2
t1
t2
t1
t2
t1
t2
t1
t2
t2
t1
t2

–
0.59***
0.54***
0.53***
0.50***
0.53***
0.49***
0.46***
0.41***
0.39***
0.48***
−0.18**
−0.10

–
0.41***
0.57***
0.45***
0.49***
0.43***
0.40***
0.33***
0.33***
0.33***
−0.09
−0.05

–
0.69***
0.54***
0.54***
0.49***
0.39***
0.31***
0.34***
0.35***
−0.09
−0.09

–
0.47***
0.55***
0.46***
0.49***
0.24***
0.35***
0.42***
−0.06
−0.03

–
0.72***
0.79***
0.62***
0.51***
0.55***
0.55***
−0.22***
−0.21**

–
0.68***
0.73***
0.49***
0.61***
0.57***
−0.18**
−0.19**

–
0.65***
0.51***
0.52***
0.57***
−0.16**
−0.15*

–
0.39***
0.47***
0.52***
−0.10
−0.11

–
0.52***
0.41***
−0.24***
−0.24***

–
0.55***
−0.25***
−0.30***

–
−0.25***
−0.24**

–
0.77***

Note: SNMP-A = symbolic numerical magnitude processing with 1-digit numbers, SNMP-B = symbolic numerical magnitude processing with 2-digit numbers, Addition = addition ﬂuency, Subtraction = Subtraction ﬂuency and Maths scale = curriculum-based mathematics performance.
***p < .001.
**p < .01.
*p < .05.
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Table 3. Descriptive statistics and latent correlations from the latent state model.
Latent correlations
SNMP t1
Arithmetic skills t1
Math anxiety t1
SNMP t2
Arithmetic skills t2
Maths anxiety t2

M
17.11
11.36
−1.52
19.75
14.00
−1.60

SD
9.10
4.50
0.74
12.10
6.48
0.80

SNMP t1
1.00
0.78**
−0.34**
0.85**
0.78**
−0.14

Arithmetic skills t1

Math anxiety t1

SNMP t2

Arithmetic skills t2

Math anxiety t2

1.00
−0.46**
0.65**
0.86**
−0.28**

1.00
−0.19*
−0.32**
0.62**

1.00
0.75**
−0.13

1.00
−0.34**

1.00

Note: t1 = First measurement occasion at Grade 1, t2 = Second measurement occasion at Grade 2, SNMP = symbolic numerical magnitude processing. Note, that the latent means for math anxiety are estimates based on categorical indicators.
*p < .05,
**p < .01.

Table 4. Descriptive statistics and latent correlations from the latent change model.
Latent correlations
M

SD

SNMP t1

Arithmetic skills t1

Math anxiety t1

SNMP t2

Arithmetic skills t2

Math anxiety t2

SNMP t1
17.11
9.10
1.00
Arithmetic skills t1
11.36
4.50
0.78**
1.00
Maths anxiety t1
−1.52 0.74
−0.34**
−0.46**
1.00
SNMP t2–t1
2.64* 3.38* −0.04
−0.06
0.20
1.00
Arithmetic skills t2–t1
2.64* 1.68*
0.25*
0.05
0.13
0.36**
1.00
Maths anxiety t2–t1
−0.08 0.59*
0.22*
0.19*
−0.40**
−0.25
−0.38**
1.00
Note: t1 = First measurement occasion at Grade 1, t2 = Second measurement occasion at Grade 2, t2–t1 = Latent diﬀerence score from t1 to t2,
SNMP = symbolic numerical magnitude processing.
*p < .05.
**p < .01.

individual diﬀerences in those changes (Table 4). This
was also the case for MA, despite the non-signiﬁcant
overall change in it. Latent correlations showed
changes in SNMP and arithmetic skills to be positively
associated with each other (r = .36, p = .010), meaning
that improvement in SNMP was associated with
improvement in arithmetic skills and negatively with
MA (r = –.25, p = .093 for SNMP, and r = –.38, p = .009
for arithmetic skills). That is, improvement in SNMP,
and particularly in arithmetic skills, was linked with
the less steep increase or steeper decrease in MA.
Moreover, the change in MA also correlated positively
with the initial levels of SNMP (r = .22, p = .016) and
arithmetic skills (r = .19, p = .054), indicating that
higher SNMP and arithmetic skills at the ﬁrst measurement point were somewhat connected with the
steeper increase or less steep decrease in MA. Note,
however, that the onset of change in MA was
already lower among those higher in initial SNMP
and arithmetic skills. Interestingly, also, initial SNMP
was linked with change in arithmetic skills (r = .25, p
= .018), suggesting that improvement in arithmetic
skills was stronger when previous SNMP was higher.
Next, we included gender as a predictor to
examine whether the levels and changes in each

construct were similar for girls and boys. Again, the
model ﬁt was acceptable, χ 2(265) = 447.13, p < .001;
CFI = .92; RMSEA = .051 (CI90% = .043, .059), and the
results showed no gender diﬀerences in the initial
levels and changes of MA and arithmetic or the
second grade mathematics performance. However,
against our expectations, gender did have an eﬀect
on both the initial level of SNMP (β = .40, p = .006)
and the change in it (β = .52, p = .018), thus
suggesting boys to have slightly higher scores in
initial SNMP and somewhat steeper increase in it
over time.
Finally, we estimated a model with mathematics performance as an outcome, with adequate ﬁt, χ 2(283) =
474.30, p < .001; CFI = .92; RMSEA = .051 (CI90% = .043,
.058). Mathematics performance was positively predicted by both the initial level of arithmetic skills (β
= .64, p < .001) and the change in it (β = .29, p = .017),
indicating that better mathematics performance at
second grade was connected with both better initial
arithmetic skills and improvement in it. Contrary to
our assumptions, neither the levels of SNMP and MA
in the ﬁrst grade, nor the changes in them, predicted
second grade mathematics performance. Main
ﬁndings are shown in Table 5 and illustrated in Figure 2.

Gender
SNMP t1
Arithmetic skills t1
Maths anxiety t1
SNMP t2–t1
Arithmetic skills t2–t1
Maths anxiety t2–t1

Note: t1 = First measurement occasion at Grade 1, t2 = Second measurement occasion at Grade 2, t2–t1 = Latent diﬀerence score from t1 to t2 and SNMP = symbolic numerical magnitude
processing.

p
.434
.848
.000
.496
.928
.017
.657
z
−0.79
−0.19
5.28
−0.68
0.09
2.39
0.44
β
−.05
−.03
.64
−.05
.01
.29
.04
p
.448
z
0.76
β
.18
p
.405
z
–0.83
β
−.18
p
.018
z
2.37
p
.402
z
–0.84
β
−.14
p
.318
z
1.00
β
.14
z
2.72
β
.40

SNMP t1

p
.007

Arithmetic skills t1

Maths anxiety t1

β
.52

SNMP t2–t1

Arithmetic skills t2–t1

Maths anxiety t2–
t1

Maths performance t2
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Table 5. Predictive eﬀects from the bivariate latent change model with gender as predictor and maths performance as an outcome.
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Discussion
Using latent change score modelling, this study investigated the levels of, changes in and mutual connections between MA, SNMP and arithmetic skills from
ﬁrst to second grade. The participating children had
received formal mathematics instruction for just
over half a year when their MA, SNMP and arithmetic
skills were measured for the ﬁrst time. The second
measurement took place seven months later, in
second grade. Thus, we had an unprecedented opportunity to investigate the emerging developmental
relations between these three constructs, their
relation to curriculum-based mathematics performance, and the role of gender in their development.
One encouraging ﬁnding in our study was that children reported rather little MA in the beginning of their
schooling. Yet, our study gives further support for the
concurrent negative relation between arithmetic
skills and MA (H1.1) (Harari et al., 2013; Jameson,
2013; Kucian et al., 2018). Arithmetic skills were negatively, although only moderately, connected with MA
at both grades. In line with previous studies, then,
low arithmetic skills seem to be associated with MA
already at the beginning of school (e.g. Harari et al.,
2013; Sorvo et al., 2017). As there are rather signiﬁcant
individual diﬀerences in children’s developing arithmetic skills (see also Reeve et al., 2018), they become
increasingly more aware of their own skills compared
to the other children in their classroom. This, coupled
with the emphasis on the importance of learning and
performing basic arithmetic already in the early
grades, may induce experiences of MA in children,
especially if their basic skills are inferior. The negative
association between MA and arithmetic found in our
study might, then, reﬂect the increasing social comparison among children and the centrality of arithmetic in early instruction. However, our evidence on
parallel changes do not permit inferences about the
causal ordering of MA and arithmetic skills.
We also found a moderate negative relation
between MA and SNMP in ﬁrst grade in line with previous research (Gómez-Velázquez et al., 2015), and in
support of our hypothesis (H1.2). However, this connection diminished to non-signiﬁcant when children
were in second grade. A possible explanation for this
change could relate to the nature of the tasks and
how they represent students’ exposure to similar
tasks in school. The SYMP test requires an understanding of the meaning of 1- and 2-digit numbers, and
quick, intuitive response by choosing the bigger one
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Figure 2. Summary of main results from the multivariate latent change model with gender as a predictor and math performance as an
outcome. For clarity, only eﬀects and correlations at p < .05 (solid lines) and p < .10 (dashed lines) are displayed (along with unstandardised
factor loadings).

of the number pair, whereas the arithmetic test
requires an active manipulation of numbers and providing an answer orally or in writing. As the children
are already in their early years of schooling constantly
exposed to number symbols and 1- and 2-digit
numbers, following their mathematics curriculum
(The Norwegian Directorate for Education and Training,
2013), the tasks in the SYMP test might have been
more familiar to the children, and, also, less cognitively
demanding than the tasks in the arithmetic test.
Perhaps, then, the SYMP test did not provoke anxiety
in children anymore in the same way as the more challenging arithmetic test. This concurs with the ﬁndings
of Colomé (2019), who also found no relation
between SNMP and MA in older students.
When looking at the concurrent relations between
mathematical skills, we found children’s SNMP and
arithmetic skills to be strongly linked with each other
in both ﬁrst and second grade (r = .78 vs. r = .75, respectively). These results are in line with our hypothesis (H1.3)

and concur with prior ﬁndings (Schneider et al., 2017).
Some theories suggest that the relation between
SNMP and arithmetic may diminish over primary
school years, as arithmetic becomes more complex
and performing arithmetic tasks demand more use of
ordinal than cardinal meaning of numbers (Lyon et al.,
2014). Our ﬁndings, however, did not support this.
Latent correlations across the measurement points
showed high (rank-order) stability for MA (r = .62), and
even higher for arithmetic skills (r = .86) and SNMP (r
= .85), thus conﬁrming our hypothesis (H2.1) and
agreeing with previous studies (Cargnelutti et al.,
2017; Gunderson et al., 2018; Sorvo et al., 2019).
Also, as expected, children’s SNMP and arithmetic
skills improved from ﬁrst to second grade (H2.2),
while the average level of MA remained at the same
low level (H2.3). Note, that as the average MA was
already rather low in the ﬁrst grade, following some
previous ﬁndings (Szczygieł & Pieronkiewicz, 2021), a
further decrease was quite implausible.
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The culture of mathematics education in Norway
may partly explain the low level of MA students experienced in the beginning of schooling. Mathematics
instruction in the ﬁrst and second grade emphasises
playful numerical activities, use of technology (e.g.
math learning games), and use of concrete manipulatives while working with abstract mathematical concepts. Children are not graded or assessed with any
regular high-stake mathematics tests. Therefore, in
the early grades, many children ﬁnd maths learning
at school enjoyable and interesting (Tuominen, Niemivirta, Korhonen, Tapola, & Mononen, 2021), as opposed
to something to be anxious about.
Note, however, that the variance of the slope of MA
was signiﬁcant, thus indicating individual diﬀerences
in the development, despite the non-signiﬁcant
overall change. This also applied to the changes in
SNMP and arithmetic skills. Thus, the teachers
should be aware that the children begin to follow
diﬀerent developmental paths already from early on
and might therefore be in need of diﬀerent types of
targeted educational support.
When further looking at how changes in MA, SNMP
and arithmetic skills were related to each other, we
found children’s improvement in SNMP to be linked
with improvement in arithmetic skills, as hypothesised
(H3.1). The change in arithmetic skills was also associated with the change in MA, thus indicating the
improvement in arithmetic to be linked with the less
steep increase or steeper decrease in MA. However,
since this connection was not found between the
changes in MA and SNMP, our hypothesis (H3.2) was
only partially supported. Note that these ﬁndings do
not permit causal inferences, meaning that the
detected developmental connections as such could
be a result of reciprocal relations (Gunderson et al.,
2018) or directional eﬀects – that is, arithmetic skills
inﬂuencing MA as per the deﬁcit theory (Wang,
2020) or MA inﬂuencing arithmetic skills as per the
debilitating anxiety model (Cargnelutti et al., 2017).
However, to our knowledge, this is the ﬁrst study to
show arithmetic skills and MA to be developmentally
linked in terms of correlated changes over time.
In sum, the role of SNMP in relation to MA diminished when children got older, while the negative
association between arithmetic skills and MA was
stronger both concurrently and over time. Yet,
SNMP and arithmetic skills were also developmentally
strongly related.
Gender diﬀerences were detected only in SNMP
skills so that boys performed slightly better than

girls in the ﬁrst grade, and interestingly, also
showed a somewhat steeper improvement over
time. However, since no gender diﬀerences were
found in arithmetic skills or in curriculum-based mathematics performance, concurring with previous
research on early mathematical skills (Kersey et al.,
2018), our hypothesis (H4) was partially supported.
As to the level of MA, we found no gender diﬀerences,
which is in line with the majority of previous research
on young children (e.g. Ching, 2017; Hartwright et al.,
2018; Wu et al., 2014), nor did we detect gender
eﬀects on the changes in MA. Given the assumption
of gender stereotypes explaining gender diﬀerences
in MA (Bieg et al., 2015; Steﬀens et al., 2010; Watt,
2004), this would suggest either that such stereotypes
are not (yet) present in this particular context or that
the children are not (yet) aware of those (McKown &
Weinstein, 2003).
As the ﬁnal goal in our study, we investigated
whether the levels of and changes in MA, SNMP and
arithmetic skills predict curriculum-based mathematics performance in the second grade. Our ﬁndings
showed that mathematics performance was predicted
only by both the initial level of and change in arithmetic skills, thus providing limited support for our
hypotheses (H5.1; H5.2). Although we cannot entirely
rule out a possible collinearity eﬀect due to the high
correlation between SNMP and arithmetic skills, thus
possibly undermining the predictions of SNMP, it
would seem that particularly higher arithmetic skills
as well as more notable improvement in those skills
contribute to more advantageous learning of curriculum-based mathematics (Jordan et al., 2003).

Limitations and future directions
This study is one of a few investigating young children’s MA and mathematics performance longitudinally, and, to our knowledge, one of the ﬁrst to address
developmental changes. The timeframe from the ﬁrst
to the second assessment time point was only seven
months, although including a transition from ﬁrst to
second grade. To get an even better developmental
view on the relations under investigation, a more
comprehensive follow-up period would be needed
in future studies. A longer time lag with additional
measurement points would also permit more
options to examine both developmental trajectories
and directional relations between changes over
time, thus providing a better insight into the mutual
longitudinal connections between MA and
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mathematics performance, and the long-term consequences of such developmental dynamics (Aldrup
et al., 2020). A longer follow-up might also reveal us,
if and at what age the diﬀerent dimensions of MA
start to separate clearer from each other. In our
study, based on factor analyses, the AEQ turned out
to work best as a combined measure (Ma-Com),
although it included statements directed to catch
both dimensions of MA. Further, our study included
only SNMP and arithmetic as measures of mathematical skills, although children’s mathematics performance was measured with tasks covering diﬀerent
curriculum-based mathematics topics. In future
studies, it might be of interest to investigate how
other domains of basic mathematical skills, such as
counting skills (Maloney et al., 2011), known to be
linked with mathematical learning diﬃculties, are
developmentally connected with MA.
As the focus in most studies has been on numerical
tasks (e.g. arithmetic), the inclusion of non-numerical
tasks (e.g. geometry) might help to understand the
characteristics of mathematics that are most likely to
induce anxiety. Added value could also be gained
by taking into account diﬀerences in trait anxiety
and domain-general skills such as working memory,
both known to be related to MA (e.g. Hembree,
1990; Passolunghi et al., 2016). Controlling for trait
anxiety would help to remove the eﬀect of general
anxiety (Wu et al., 2012), while adding a measure of
working memory might help to understand the possible mediating factors between MA and math performance (Justicia-Galiano et al., 2017).
Finally, the fact that our sample of children was
somewhat selective due to the conditions of data collection must be taken into consideration. For practical
reasons, the participating children came from schools
close to our test site, and mainly from families of
middle or higher educational level. For better generalisability of the ﬁndings, more representative
samples would be essential.
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arithmetic skills, while the change in MA was more
connected with change in arithmetic skills than with
change in SNMP. The ﬁndings suggest that over
time, MA may become more directly linked with arithmetic skills than with more intuitive numerical magnitude processing skills, and that diﬃculties in learning
basic arithmetic may expose children to increases in
mathematics-related negative emotions. Not only is
this theoretically and empirically intriguing but also
it has important practical implications. The teachers
should be aware that despite the children are generally displaying little MA, signiﬁcant individual diﬀerences exist in both these experiences and how they
change over time, with some children experiencing
MA already in early grades. This calls for a particular
sensitivity to such experiences and constructive
means to support children when a school subject
becomes intimidating.

Note
1. The Norwegian national curriculum in mathematics was
revised in autumn 2020 after the data collection.

Acknowledgements
The authors thank all the participating children, their teachers
and parents, as well as the research assistants involved in the
data collection.

Disclosure statement
No potential conﬂict of interest was reported by the author(s).

Funding
This work was supported by the Norwegian Research Council
[grant number 283396] for the ﬁrst author.

Data availability statement
Conclusions
Our longitudinal study provided new knowledge
about the developmental relations between MA,
SNMP and arithmetic skills during the ﬁrst years of
schooling. On average, children improved in their
arithmetic and SNMP skills from ﬁrst to second
grade, whereas the level of experienced MA remained
stable and rather low. Most interestingly, improvement in SNMP was linked with improvement in

The data are available upon request from the correspondent
author.

ORCID
Riikka Mononen
http://orcid.org/0000-0003-2883-5854
Markku Niemivirta
http://orcid.org/0000-0001-7152-5152
Johan Korhonen
http://orcid.org/0000-0001-9666-9400
Marcus Lindskog
http://orcid.org/0000-0003-1326-6177
Anna Tapola
http://orcid.org/0000-0003-0442-2051

466

R. MONONEN ET AL.

References
Aldrup, K., Klusmann, U., & Lüdtke, O. (2020). Reciprocal associations between students’ mathematics anxiety and achievement: Can teacher sensitivity make a diﬀerence? Journal of
Educational Psychology, 112(4), 735–750. https://doi.org/10.
1037/edu0000398
Ashcraft, M. H. (2002). Math anxiety: Personal, educational, and cognitive consequences. Current Directions in Psychological Science, 11
(5), 181–185. https://doi.org/10.1111/1467-8721.00196
Asparouhov, T., & Muthén, B. (2010). Weighted least squares
estimation with missing data. Mplus Technical Appendix,
2010, 1–10. Retrieved from http://www.statmodel.com/
download/GstrucMissingRevision.pdf
Barroso, C., Ganley, C. M., McGraw, A. L., Geer, E. A., Hart, S. A., &
Daucourt, M. C. (2021). A meta-analysis of the relation between
math anxiety and math achievement. Psychological Bulletin, 147
(2), 134–168. https://doi.org/10.1037/bul0000307
Bartelet, D., Vaessen, A., Blomert, L., & Ansari, D. (2014). What
basic number processing measures in kindergarten explain
unique variability in ﬁrst-grade arithmetic proﬁciency?
Journal of Experimental Child Psychology, 117, 12–28.
https://doi.org/10.1016/j.jecp.2013.08.010
Beilock, S. L., & Carr, T. H. (2016). When high-powered people fail:
Working memory and “choking under pressure” in math.
Psychological Science, 16(2), 101–105. https://doi.org/10.
1111/j.0956-7976.2005.00789.x
Bieg, M., Goetz, T., Wolter, I., & Hall, N. C. (2015). Gender
stereotype endorsement diﬀerentially predicts girls’ and
boys’ trait-state discrepancy in math anxiety. Frontiers in
Psychology, 6, 1404. https://doi.org/10.3389/fpsyg.2015.01404
Braham, E. J., & Libertus, M. E. (2018). When approximate
number acuity predicts math performance: The moderating
role of math anxiety. PLoS ONE, 13(5), e0195696. https://doi.
org/10.1371/journal.pone.0195696
Brankaer, C., Ghesquière, P., & De Smedt, B. (2017). Symbolic
magnitude processing in elementary school children: A
group administered paper-and-pencil measure (SYMP test).
Behavior Research Methods, 49(4), 1361–1373. https://doi.
org/10.3758/s13428-016-0792-3
Carey, E., Hill, F., Devine, A., & Szücs, D. (2015). The chicken or
the egg? The direction of the relationship between mathematics anxiety and mathematics performance. Frontiers in
Psychology, 6, 1987. https://doi.org/10.3389/fpsyg.2015.01203
Cargnelutti, E., Tomasetto, C., & Passolunghi, M. C. (2017). How is
anxiety related to math performance in young students? A
longitudinal study of grade 2 to grade 3 children. Cognition
and Emotion, 31(4), 755–764. https://doi.org/10.1080/
02699931.2016.1147421
Carmo, J. S. (2008). Escala de ansiedade à matemática. Análise do
comportamento e ensino-aprendizagem da matemática. The
Federal University of São Carlos [Unpublished].
Caviola, S., Primi, C., Chiesi, F., & Mammarella, I. C. (2017).
Psychometric properties of the Abbreviated Math Anxiety
Scale (AMAS) in Italian primary school children. Learning
and Individual Diﬀerences, 55, 174–182. https://doi.org/10.
1016/j.lindif.2017.03.006
Ching, B. H.-H. (2017). Mathematics anxiety and working memory:
Longitudinal associations with mathematical performance in
Chinese children. Contemporary Educational Psychology, 51,
99–113. https://doi.org/10.1016/j.cedpsych.2017.06.006

Colomé, À. (2019). Representation of numerical magnitude in
math-anxious individuals. Quarterly Journal of Experimental
Psychology, 72(3), 424–435. https://doi.org/10.1177/1747021
817752094
Dehaene, S. (2011). Number sense. How the mind creates mathematics (2nd ed.). Oxford University Press.
Denham, S. A. (2006). Social-emotional competence as support
for school readiness: What is it and how do we assess it?
Early Education and Development, 17(1), 57–89. https://doi.
org/10.1207/s15566935eed1701_4
De Smedt, B., Noël, M.-P., Gilmore, C., & Ansari, D. (2013). How do
symbolic and non-symbolic numerical magnitude processing
skills relate to individual diﬀerences in children’s mathematical skills? A review of evidence from brain and behavior.
Trends in Neuroscience and Education, 2(2), 48–55. http://doi.
org/10.1016/j.tine.2013.06.001
Dowker, A., Bennett, K., & Smith, L. (2012). Attitudes to
mathematics in primary school children. Child Development
Research, 2012, 1–8. https://doi.org/10.1155/2012/124939
Dowker, A., Cheriton, O., Horton, R., & Mark, W. (2019).
Relationships between attitudes and performance in young
children’s mathematics. Educational Studies in Mathematics,
100(3), 211–230. https://doi.org/10.1007/s10649-019-9880-5
Dowker, A., Sarkar, A., & Looi, C. Y. (2016). Mathematics anxiety:
What have we learned in 60 years? Frontiers in Psychology, 7.
https://doi.org/10.3389/fpsyg.2016.00508
Finney, S. J., & DiStefano, C. (2013). Nonnormal and categorical
data in structural equation modeling. In G. R. Hancock & R.
O. Mueller (Eds.), Structural equation modeling: A second
course (2nd ed., pp. 439–492). IAP Information Age
Publishing.
Gómez-Velázquez, F. R., Berumen, G., & González-Garrido, A. A.
(2015). Comparisons of numerical magnitudes in children
with diﬀerent levels of mathematical achievement. An ERP
study. Brain Research, 1627, 189–200. https://doi.org/10.
1016/j.brainres.2015.09.009
Gunderson, E. A., Park, D., Maloney, E. A., Beilock, S. L., & Levine,
S. C. (2018). Reciprocal relations among motivational frameworks, math anxiety, and math achievement in early elementary school. Journal of Cognition and Development, 19(1), 21–
46. https://doi.org/10.1080/15248372.2017.1421538
Haase, V. G., Júlio-Costa, A., Pinheiro-Chagas, P., Oliveira, L. d. F.
S., Micheli, L. R., & Wood, G. (2012). Math self-assessment, but
not negative feelings, predicts mathematics performance of
elementary school children. Child Development Research,
2012, 982672. https://doi.org/10.1155/2012/982672
Harari, R. R., Vukovic, R. K., & Bailey, S. P. (2013). Mathematics
anxiety in young children: An exploratory study. The
Journal of Experimental Education, 81(4), 538–555. https://
doi.org/10.1080/00220973.2012.727888
Hart, S. A., & Ganley, C. M. (2019). The nature of math anxiety in
adults: Prevalence and correlates. Journal of Numerical
Cognition, 5(2), 122–139. https://doi.org/10.5964/jnc.v5i2.195
Hart, S. A., Logan, J. A. R., Thompson, L., Kovas, Y., McLoughlin,
G., & Petrill, S. A. (2016). A latent proﬁle analysis of math
achievement, numerosity, and math anxiety in twins.
Journal of Educational Psychology, 108(2), 181–193. https://
doi.org/10.1037/edu0000045
Hartwright, C. E., Looi, C. Y., Sella, F., Inuggi, A., Santos, F. H.,
González-Salinas, C., García Santos, J. M., Kadosh, R. C., &
Fuentes, L. J. (2018). The neurocognitive architecture of

COGNITION AND EMOTION

individual diﬀerences in math anxiety in typical children.
Scientiﬁc Reports, 8(1), 8500. https://doi.org/10.1038/s41598018-26912-5
Hembree, R. (1990). The nature, eﬀects, and relief of mathematics anxiety. Journal for Research in Mathematics Education, 21
(1), 33–46. https://doi.org/10.2307/749455
Ho, H.-Z., Senturk, D., Lam, A. G., Zimmer, J. M., Hong, S.,
Okamoto, Y., Chiu, S.-Y., Nakazawa, Y., & Wang, C.-P. (2000).
The aﬀective and cognitive dimensions of math anxiety: A
cross-national study. Journal for Research in Mathematics
Education, 31(3), 362–379. https://doi.org/10.2307/749811
Holloway, I. D., & Ansari, D. (2009). Mapping numerical magnitudes onto symbols: The numerical distance eﬀect and individual diﬀerences in children’s mathematics achievement.
Journal of Experimental Child Psychology, 103(1), 17–29.
http://doi.org/10.1016/j.jecp.2008.04.001
Hopko, D. R., Mahadevan, R., Bare, R. L., & Hunt, M. K. (2003). The
abbreviated math anxiety scale (AMAS): Construction, validity, and reliability. Assessment, 10(2), 178–182. http://doi.
org/10.1177/1073191103010002008
Jameson, M. M. (2013). The development and validation of the
children’s
anxiety
in
math
scale.
Journal
of
Psychoeducational Assessment, 31(4), 391–395. https://doi.
org/10.1177/0734282912470131
Jordan, N. C., Hanich, L. B., & Kaplan, D. (2003). Arithmetic fact
mastery in young children: A longitudinal investigation.
Journal of Experimental Child Psychology, 85(2), 103–119.
https://doi.org/10.1016/S0022-0965(03)00032-8
Justicia-Galiano, M. J., Martín-Puga, M. E., Linares, R., & Pelegrina,
S. (2017). Math anxiety and math performance in children:
The mediating roles of working memory and math selfconcept. British Journal of Educational Psychology, 87(4),
573–589. https://doi.org/10.1111/bjep.12165
Kersey, A. J., Braham, E. J., Csumitta, K. D., Libertus, M. E., &
Cantlon, J. F. (2018). No intrinsic gender diﬀerences in children’s earliest numerical abilities. Npj Science of Learning, 3
(1), 1–10. https://doi.org/10.1038/s41539-018-0028-7
Klausen, T., & Reikerås, E. (2016). Regnefaktaprøven. Lesesenteret,
University of Stavanger.
Kohn, J., Richtmann, V., Rauscher, L., Kucian, K., Käser, T., Grond,
U., Esser, G., & von Aster, M. (2013). Das
Mathematikangstinterview (MAI): Erste psychometrische
Gütekriterien. Lernen und Lernstörungen, 2(3), 177–189.
http://doi.org/10.1024/2235-0977/a000040
Krinzinger, H., Kaufmann, L., & Willmes, K. (2009). Math anxiety
and math ability in early primary school years. Journal of
Psychoeducational Assessment, 27(3), 206–225. https://doi.
org/10.1177/0734282908330583
Kucian, K., Zuber, I., Kohn, J., Poltz, N., Wyschkon, A., Esser, G., &
von Aster, M. (2018). Relation between mathematical
performance, math anxiety, and aﬀective priming in
children with and without developmental dyscalculia.
Frontiers in Psychology, 9, 263. https://doi.org/10.3389/
fpsyg.2018.00263
Lauer, J. E., Esposito, A. G., & Bauer, P. J. (2018). Domain-speciﬁc
anxiety relates to children’s math and spatial performance.
Developmental Psychology, 54(11), 2126–2138. https://doi.
org/10.1037/dev0000605
Lichtenfeld, S., Pekrun, R., Stupnisky, R. H., Reiss, K., & Murayama,
K. (2012). Measuring students’ emotions in the early years:
The Achievement Emotions Questionnaire-Elementary

467

School (AEQ-ES). Learning and Individual Diﬀerences, 22(2),
190–201. https://doi.org/10.1016/j.lindif.2011.04.009
Lindberg, S. M., Hyde, J. S., Petersen, J. L., & Linn, M. C. (2010).
New trends in gender and mathematics performance: A
meta-analysis. Psychological Bulletin, 136(6), 1123–1135.
https://doi.org/10.1037/a0021276
Lindskog, M., Winman, A., & Poom, L. (2017). Individual diﬀerences in nonverbal number skills predict math anxiety.
Cognition, 159, 156–162. https://doi.org/10.1016/j.cognition.
2016.11.014
Lu, Y., Li, Q., Patrick, H., & Mantzicopoulos, P. (2021). “Math gives
me a tummy ache!” Mathematics anxiety in kindergarten. The
Journal of Experimental Education, 89(2), 362–378. https://doi.
org/10.1080/00220973.2019.1680518
Lyon, I. M., Price, G. R., Vaessen, A., Blomert, L., & Ansari, D. (2014).
Numerical predictors of arithmetic success in grades 1–6.
Developmental Science, 17(5), 714–726. https://doi.org/10.
1111/desc.12152
Ma, X., & Xu, J. (2004). The causal ordering of mathematics
anxiety and mathematics achievement: A longitudinal
panel analysis. Journal of Adolescence, 27(2), 165–179.
https://doi.org/10.1016/j.adolescence.2003.11.003
Maldonado Moscoso, P. A., Anobile, G., Primi, C., & Arrighi, R.
(2020). Math anxiety mediates the link between number
sense and math achievements in high math anxiety young
adults. Frontiers in Psychology, 11, 1095. https://doi.org/10.
3389/fpsyg.2020.01095
Maloney, E. A., Ansari, D., & Fugelsang, J. A. (2011). The eﬀect of
mathematics anxiety on the processing of numerical magnitude. Quarterly Journal of Experimental Psychology, 64(1), 10–
16. https://doi.org/10.1080/17470218.2010.533278
McArdle, J. J. (2009). Latent variable modeling of diﬀerences and
changes with longitudinal data. Annual Review of Psychology,
60(1), 577–605. https://doi.org/10.1146/annurev.psych.60.
110707.163612
McArdle, J. J., & Hamagami, F. (2001). Latent diﬀerence score
structural models for linear dynamic analyses with incomplete longitudinal data. In L. M. Collins & A. G. Sayer (Eds.),
New methods for the analysis of change (pp. 139–175).
American Psychological Association.
McKown, C., & Weinstein, R. S. (2003). The development and consequences of stereotype consciousness in middle childhood.
Child Development, 74(2), 498–515. https://doi.org/10.1111/
1467-8624.7402012
Mononen, R. (2019). Matteoppdraget 2. Curriculum-based mathematics test for grade 2. Unpublished. University of Oslo.
Muthén, L. K., & Muthén, B. O. (2019). Mplus user’s guide (8th ed.).
Muthén & Muthén.
Namkung, J. M., Peng, P., & Lin, X. (2019). The relation between
mathematics anxiety and mathematics performance among
school-aged students: A meta-analysis. Review of
Educational Research, 89(3), 459–496. https://doi.org/10.
3102/0034654319843494
National Science Foundation & National Center for Science and
Engineering Statistics. (2019). Women, minorities, and persons
with disabilities in science and engineering: 2019 (Special
Report NSF 19-304). https://ncses.nsf.gov/pubs/nsf19304/
digest/acknowledgments-and-citation
Núñez-Peña, M. I., & Suárez-Pellicioni, M. (2014). Less precise representation of numerical magnitude in high math-anxious
individuals: An ERP study of the size and distance eﬀects.

468

R. MONONEN ET AL.

Biological Psychology, 103, 176–183. https://doi.org/10.1016/j.
biopsycho.2014.09.004
Pantoja, N., Schaeﬀer, M. W., Rozek, C. S., Beilock, S. L., & Levine,
S. C. (2020). Children’s math anxiety predicts their math
achievement over and above a key foundational math skill.
Journal of Cognition and Development, 21(5), 709–728.
https://doi.org/10.1080/15248372.2020.1832098
Passolunghi, M. C., Caviola, S., De Agostini, R., Perin, C., &
Mammarella, I. C. (2016). Mathematics anxiety, working
memory, and mathematics performance in secondaryschool children. Frontiers in Psychology, 7, 42. https://doi.
org/10.3389/fpsyg.2016.00042
Pekrun, R., Lichtenfeld, S., Killi, U., & Reiss, K. (2007). Achievement
emotions questionnaire–elementary school (AEQ-elementary
school)-user’s manual. University of Munich, Department of
Psychology.
Primi, C., Donati, M. A., Izzo, V. A., Guardabassi, V., O’Connor, P.
A., Tomasetto, C., & Morsanyi, K. (2020). The Early
Elementary School Abbreviated Math Anxiety Scale (the
EES-AMAS): A new adapted version of the AMAS to
measure math anxiety in young children. Frontiers in
Psychology, 11, 14. https://doi.org/10.3389/fpsyg.2020.01014
Ramirez, G., Chang, H., Maloney, E. A., Levine, S. C., & Beilock, S. L.
(2016). On the relationship between math anxiety and math
achievement in early elementary school: The role of problem
solving strategies. Journal of Experimental Child Psychology,
141, 83–100. https://doi.org/10.1016/j.jecp.2015.07.014
Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2013).
Math anxiety, working memory, and math achievement in
early elementary school. Journal of Cognition and
Development, 14(2), 187–202. https://doi.org/10.1080/
15248372.2012.664593
Reeve, R. A., Gray, S. A., Butterworth, B. L., & Paul, J. M. (2018).
Variability in single digit addition problem-solving speed
over time identiﬁes typical, delay and deﬁcit math pathways.
Frontiers in Psychology, 9, 1498. https://doi.org/10.3389/
fpsyg.2018.01498
Reilly, D., Neumann, D. L., & Andrews, G. (2019). Investigating
gender diﬀerences in mathematics and science: Results
from the 2011 trends in mathematics and science survey.
Research in Science Education, 49(1), 25–50. https://doi.org/
10.1007/s11165-017-9630-6
Reuter, T., Ziegelmann, J. P., Wiedemann, A. U., Geiser, C., Lippke,
S., Schüz, B., & Schwarzer, R. (2010). Changes in intentions,
planning, and self-eﬃcacy predict changes in behaviors: An
application of latent true change modeling. Journal of
Health Psychology, 15(6), 935–947. https://doi.org/10.1177/
1359105309360071
Richardson, F. C., & Suinn, R. M. (1972). The mathematics anxiety
rating scale: Psychometric data. Journal of Counseling
Psychology,
19(6),
551–554.
https://doi.org/10.1037/
h0033456
Schneider, M., Beeres, K., Coban, L., Merz, S., Susan Schmidt, S.,
Stricker, J., & De Smedt, B. (2017). Associations of non-symbolic and symbolic numerical magnitude processing with
mathematical
competence:
A
meta-analysis.
Developmental Science, 20(3), e12372. https://doi.org/10.
1111/desc.12372
Skagerlund, K., Östergren, R., Västfjäll, D., & Träﬀ, U. (2019). How
does mathematics anxiety impair mathematical abilities?
Investigating the link between math anxiety, working

memory, and number processing. PLoS ONE, 14(1),
e0211283. https://doi.org/10.1371/journal.pone.0211283
Sorvo, R., Koponen, T., Viholainen, H., Aro, T., Räikkönen, E.,
Peura, P., Dowker, A., & Aro, M. (2017). Math anxiety and its
relationship with basic arithmetic skills among primary
school children. British Journal of Educational Psychology, 87
(3), 309–327. https://doi.org/10.1111/bjep.12151
Sorvo, R., Koponen, T., Viholainen, H., Aro, T., Räikkönen, E.,
Peura, P., Tolvanen, A., & Aro, M. (2019). Development of
math anxiety and its longitudinal relationships with arithmetic achievement among primary school children.
Learning and Individual Diﬀerences, 69, 173–181. https://doi.
org/10.1016/j.lindif.2018.12.005
Steﬀens, M. C., Jelenec, P., & Noack, P. (2010). On the leaky math
pipeline: Comparing implicit math-gender stereotypes and
math withdrawal in female and male children and adolescents. Journal of Educational Psychology, 102(4), 947–963.
https://doi.org/10.1037/a0019920
Steyer, R., Eid, M., & Schwenkmezger, P. (1997). Modeling true
intraindividual change: True change as a latent variable.
Methods of Psychological Research Online, 2(1), 21–33.
Steyer, R., Shanahan, M., & Partchev, I. (2000). Modeling true
intraindividual change in structural equation models: The
case of poverty and children’s psychosocial adjustment. In
T. D. Little, K. U. Schnabel, & J. Baumert (Eds.), Modeling longitudinal and multilevel data: Practical issues, applied
approaches, and speciﬁc examples (pp. 109–126). Erlbaum.
Szczygieł, M., & Pieronkiewicz, B. (2021). Exploring the nature of
math anxiety in young children: Intensity, prevalence,
reasons. Mathematical Thinking and Learning, 0(0), 1–19.
https://doi.org/10.1080/10986065.2021.1882363
The Norwegian Directorate for Education and Training. (2013).
Curriculum for the common core subject of mathematics
(MAT1-04).
https://www.udir.no/laring-og-trivsel/
lareplanverket/ﬁnn-lareplan/lareplan/
Thomas, G., & Dowker, A. (2000, September 15). Mathematics
anxiety and related factors in young children. Paper presented
at British Psychological Society Developmental Section
Conference, Bristol.
Tuominen, H., Niemivirta, M., Korhonen, J., Tapola, A., &
Mononen, R. (2021). Matemaattisten taitojen ja motivaation
proﬁilit ensimmäisen luokan oppilailla [Proﬁles of mathematical skills and motivation in the ﬁrst grade]. Psykologia, 56(6),
548–566.
Vanbinst, K., Ansari, D., Ghesquière, P., & De Smedt, B. (2016).
Symbolic numerical magnitude processing is as important to
arithmetic as phonological awareness is to reading. PLoS ONE,
11(3), e0151045. https://doi.org/10.1371/journal.pone.0151045
Vandenberg, R. J., & Lance, C. E. (2000). A review and synthesis of
the measurement invariance literature: Suggestions, practices, and recommendations for organizational research.
Organizational Research Methods, 3(1), 4–70. https://doi.org/
10.1177/109442810031002
Van Mier, H. I., Schleepen, T. M. J., & Van den Berg, F. C. G. (2019).
Gender diﬀerences regarding the impact of math anxiety on
arithmetic performance in second and fourth graders.
Frontiers in Psychology, 9, 2690. https://doi.org/10.3389/
fpsyg.2018.02690
Vukovic, R. K., Kieﬀer, M. J., Bailey, S. P., & Harari, R. R. (2013).
Mathematics anxiety in young children: Concurrent and
longitudinal associations with mathematical performance.

COGNITION AND EMOTION

Contemporary Educational Psychology, 38(1), 1–10. https://
doi.org/10.1016/j.cedpsych.2012.09.001
Wang, L. (2020). Mediation relationships among gender, spatial
ability, math anxiety, and math achievement. Educational
Psychology Review, 32(1), 1–15. https://doi.org/10.1007/
s10648-019-09487-z
Wang, Z., Lukowski, S. L., Hart, S. A., Lyons, I. M., Thompson, L. A.,
Kovas, Y., Mazzocco, M. M. M., Plomin, R., & Petrill, S. A. (2015).
Is math anxiety always bad for math learning? The role of
math motivation. Psychological Science, 26(12), 1863–1876.
https://doi.org/10.1177/0956797615602471
Watt, H. M. G. (2004). Development of adolescents’ self-perceptions, values, and task perceptions according to gender and
domain in 7th- through 11th-grade Australian students. Child
Development, 75(5), 1556–1574. https://doi.org/10.1111/j.
1467-8624.2004.00757.x
Wechsler, D. (2017). WISC-V Wechsler intelligence scale for children (5th ed.). Pearson.
Widaman, K. F., Ferrer, E., & Conger, R. D. (2010). Factorial invariance within longitudinal structural equation models:
Measuring the same construct across time. Child

469

Development Perspectives, 4(1), 10–18. https://doi.org/10.
1111/j.1750-8606.2009.00110.x
Wood, G., Pinheiro-Chagas, P., Júlio-Costa, A., Micheli, L. R.,
Krinzinger, H., Kaufmann, L., Willmes, K., & Haase, V. G.
(2012). Math anxiety questionnaire: Similar latent structure in Brazilian and German school children. Child
Development Research, 2012, 1–10. https://doi.org/10.
1155/2012/610192
Wu, S., Amin, H., Barth, M., Malcarne, V., & Menon, V. (2012).
Math anxiety in second and third graders and its relation
to mathematics achievement. Frontiers in Psychology, 3,
162. https://doi.org/10.3389/fpsyg.2012.00162
Wu, S. S., Willcutt, E. G., Escovar, E., & Menon, V. (2014).
Mathematics achievement and anxiety and their relation to
internalizing and externalizing behaviors. Journal of
Learning Disabilities, 47(6), 503–514. https://doi.org/10.
1177/0022219412473154
Zhang, J., Zhao, N., & Kong, Q. P. (2019). The relationship
between math anxiety and math performance: A meta-analytic investigation. Frontiers in Psychology, 10, 1613. https://
doi.org/10.3389/fpsyg.2019.01613

470

Appendix

Author(s)
Cargnelutti et al.
(2017)

Designa
L

Grade (age in
years for the
lowest grade)
2–3 (7.6)

Caviola et al.
(2017)

C

3–5 (8.7)

Ching (2017)

L

2–3 (7.2)

Dowker et al.
(2012)
Dowker et al.
(2019)
Gunderson et al.
(2018)

C

3 and 5 (7.5)

Haase et al. (2012)
Harari et al. (2013)

Name of scale
(dimensions of math
anxiety)b
SEMA (MA-A)

Mathematical domain
Arithmetic (computations and
word problems), Maths
achievement test

Anxiety-performance relation
Yes: in G3. Indirect eﬀect of G2
mathematics anxiety on G3
performance

Gender diﬀerences
Not reported

AMAS (MA-A)

Mathematics achievement test,
Arithmetic (computations)

Yes: weak negative relation

Mathematics
Anxiety Scale for
Young Children
(MA-Com)

Arithmetic (computations and
word problems)

89

MAQ (MA-C)

Arithmetic (computations)

Yes: Mathematics anxiety G2
contributed on G3 performance, even
after controlling for prior working
memory, IQ, number skills and
general and test anxiety; children
with high working memory and MA
showed poorer performance
especially in more diﬃcult tasks
No

The scale was reported to be
invariant across gender, but
no gender diﬀerences per se
were investigated
No gender diﬀerences either in
the level of anxiety or
performance

c

MAQ (MA-C)

Arithmetic (computations)

No

CMAQ-R (MA-A)

Applied word problems
(arithmetic and
measurement)
Arithmetic (computations)
Arithmetics (computations),
Counting, Maths concepts

Yes: reciprocal relation

N
198 (of
which
80 in
G3)
1013

264

C

1 (6.3 and 6.8)

116

L
C
C

1 and 2d (7.2,
incl. both
grades)
1–6 (7)
1 (6.8)

Hartwright et al.
(2017)

C

2–6 (7)

Jameson (2013)

C

1–5 (not
reported)

438

CAMS (MA-Com)

Justicia-Galiano
et al. (2017)

C

3 and 5 (8)

167

AMAS (MA-A)

Krinzinger et al.
(2009)

L

1–3 (7.5)

149

MAQ (MA-C)

634
207e
101

79

MAQ (MA-C)
Mathematics
Anxiety Scale for
Young Children
(MA-Com)
EAM (MA-Com)

Maths achievement test,
Number line
Maths achievement test (inc.
counting, arithmetic, word
problems)
Arithmetic (computations and
word problems), Teacherrated mathematics
achievement
Arithmetic (computations)

No
Yes: Negative reactions and numerical
conﬁdence, but not worry, related to
performance
Yes: negatively related to mathematics
achievement, working memory
mediated the relation
Yes: negative relation (r = −.19)

No diﬀerences either in the level
of anxiety or performance
Boys (English sample) showed
more anxiety
Girls reported more anxiety in
the end of each grade; no
gender diﬀerences in relation
Not reported
No gender diﬀerences

No gender diﬀerences in the
level of mathematics anxiety
Not reported

Yes: Working memory and self-concept
mediated the relation

Not reported

No

Not reported
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Table A1. Overview of the studies (n = 27) of the relations between children’s (6–8 y.o.) mathematics anxiety and mathematics performance.

Kucian et al. (2018)

C

Lauer et al. (2018)

C

Grade not
reported, age
range 7–13
(8.6 incl. whole
sample)
1–5 (7)

Lu et al. (2019)

C

Pantoja et al.
(2020)

Primi et al. (2020)
Study 1
Primi et al. (2020)
Study 2

172f

MAI (MA-Com)

Mathematics achievement test,
Arithmetic (calculations),
Number line

Yes: negative relation, those with
developmental dyscalculia
experienced higher level of
mathematics anxiety

No gender diﬀerences in the
level of anxiety or maths
performance

394

CMAQ (MA-A)

Curriculum-based maths test
(incl. arithmetic,
measurement, geometry,
and algebraic thinking)

Gender did not moderate the
relation, however, girls
reported experiencing more
mathematics anxiety (d =
0.33)

K (not reported)

355

YCMAX (MA-Com)

L

1–3 (not
reported)

162

CMAQ-R (MA-A)

Applied problems
(computations), Quantitative
concepts (number patterns,
symbols)
Number line estimation (0–100
and 0–1000), Applied word
problems

Yes: even after controlling for verbal
and spatial anxiety and reading
ability; working memory did not
moderate the relation, mathematics
anxiety more pronounced with older
children
Yes

C

1–2 (6.6)

150

EES-AMAS (MA-A)

Arithmetic (computations)

C

g

1–3 (6.4 and
7.1)

223

EES-AMAS and
CMAQ-R (MA-A)

Arithmetic (computations,
word problems), Teacherrated mathematics
achievement

Ramirez et al.
(2016)

C

1–2 (6.6)

256

CMAQ (MA-A)

Applied word problems (e.g.,
arithmetic and
measurement), Maths
problem solving strategies
(addition)

Ramirez et al.
(2013)

C

1–2 (6.7)

154

CMAQ (MA-A)

Sorvo et al. (2017)

C

2–5 (8.4)

1327

Applied word problems (e.g.,
arithmetic and
measurement)
Arithmetic (computations)

Yes: negative relations (for Italy; UK in
brackets); EES-AMAS: r = −.38 (−.32)
for Arithmetic and r = −.30 (−.34) for
Teacher rated. CMAQ-R: r = −.39
(−.43) for Arithmetic and r = −.32
(−.29) for Teacher rated.
Yes: negative relation (r = −.28),
children with higher working memory
and high mathematics anxiety show
lower performance; use of advanced
problem solving strategies partially
mediates the relation between maths
anxiety and performance in these
children
Yes: but only for those having relatively
high working memory
Yes: especially anxiety in math-related
situations; decrease in anxiety across
grades

Not reported

No diﬀerences in the level of
anxiety
No diﬀerences in the level of
anxiety or maths performance
in either country

Not reported

No diﬀerences in the level of
anxiety
No diﬀerences related to
relation; Girls reported higher
anxiety but only related to
answering teacher’s questions
in maths class
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COGNITION AND EMOTION

Researcherdeveloped scale
(incl. two items
from MAQ) (MACom)

Yes: 1st grade MA predicted later
performance in applied problems up
to 3rd grade, while controlled for
number line estimation. MA was
predicting number line performance
depending on the number range and
grade.
Yes: negative relation (r = −.21)

Not reported

Designa
L

Grade (age in
years for the
lowest grade)
2, 3, 4 and 5d
(8.4)

N
1321

Name of scale
(dimensions of math
anxiety)b
Researcherdeveloped scale
(incl. two items
from MAQ) (MACom)
CMAQ-R (MA-A)

Van Mier et al.
(2019)

C

2 and 4 (8.1)

124

Vukovic et al.
(2013)

L

2–3 (7.8)

113

Wood et al. (2012)

C

1–3h 1–6i (7)

Wu et al. (2012)

C

2–3 (7.6)

162

SEMA (MA-A)

Wu et al. (2014)

C

2–3 (8.3 incl.
both grades)

366

SEMA (MA-A)

a

621h,i

Mathematics
Anxiety Scale for
Young Children
(MA-Com)
MAQ (MA-C)

Mathematical domain
Arithmetic (computations)

Arithmetic (computations)

Arithmetic (computations),
Mathematical applications
(incl. word problems,
algebra, and data analysis/
probability), Geometry
Arithmetic (computations) and
country speciﬁc maths
achievement tests
Maths achievement test (incl.
numerical operations and
maths reasoning/problem
solving)
Maths achievement test (incl.
numerical operations and
maths reasoning/problem
solving)

Anxiety-performance relation
Yes: performance predicted later
anxiety about fear of failure, but
neither anxiety dimensions predicted
performance; the mean level of
anxiety decreased in each grade
Yes: but only on girls

Yes: higher level of anxiety in G2
predicted lower gains in performance
(Maths applications), but only for
those having higher working memory

Gender diﬀerences
Not reported

Even though the overall levels
of anxiety and performance
were quite similar, higher
levels of anxiety negatively
predicted performance only
on girls
Not reported

No

Not reported

Yes: especially problem solving, even
after controlling for trait anxiety and
IQ

Not reported

Yes: even after controlling for IQ;
children with mathematical
diﬃculties experienced more maths
anxiety than typically achieving
children

No gender diﬀerences

C = cross-sectional, L = longitudinal.
Maths anxiety dimension: cognitive (MA-C) = self-deprecatory thoughts and worries related to one’s mathematics performance; aﬀective (MA-A) = feelings of tension, fear and physiological reactions, when one is faced with mathematical problem solving; MA-Com = measure including both dimensions – SEMA = Scale for Assessing Early Mathematics Anxiety (Wu et al., 2012) – AMAS =
Abbreviated Maths Anxiety Scale (Hopko, Mahadevan, Bare, & Hunt, 2003) – Mathematics Anxiety Scale for Young Children (Harari et al., 2013) – MAQ = Mathematics Attitudes and Anxiety Questionnaire (Thomas & Dowker, 2000) – CMAQ-R = Child Maths Anxiety Questionnaire-Revised (Gunderson et al., 2018) – EAM = Mathematics Anxiety Scale [Escala de Ansiedade a Matemática]
(Carmo, 2008) – CAMS = Children’s Anxiety in Maths Scale (Jameson, 2013) – MAI = Math-Anxiety-Interview (Kohn et al., 2013) – CMAQ = Child Maths Anxiety Questionnaire (Ramirez et al.,
2013) – YCMAX = Young Children’s Maths Anxiety Scale (Lu et al., 2019) – EES-AMAS = Early Elementary School Abbreviated Maths Anxiety Scale (Primi et al., 2020; adapted version of AMAS
by Hopko et al., 2003).
c
British n = 67, Chinese (Hong Kong) n = 49.
d
Each grade was followed up for one year.
e
Typically performing n = 171, low-performing in mathematics n = 36.
f
Developmental dyscalculia n = 76, typically performing n = 96.
g
Italian n = 102, British n = 121.
h
German n = 450.
i
Brazilian n = 171.
b
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Author(s)
Sorvo et al. (2019)
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