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Abstract

Although interest in math anxiety in young children has recently increased, the results of previous studies on math anxiety correlates are incon-
sistent. The article presents the results of two studies conducted among early school-age learners (6-11 years) where the Math Anxiety Ques-
tionnaire for Children (MAQC) was used. The results indicate that the MAQC score (a) positively and moderately/strongly correlates with math
anxiety scores obtained with other scales, (b) positively and mainly moderately correlates with general and test anxiety, (c) and negatively and
weakly/moderately correlates with math achievement. Negative, weak, and significant relationships between math anxiety and math achieve-
ment occur even if general and test anxiety are controlled. Moreover, the results of the group comparison test show that children with a high
level of math self-esteem have lower math anxiety than children with medium math self-esteem and this effect is large. Children with medium
and high Polish language self-esteem do not differ from each other in math anxiety. It may be concluded that math anxiety in young children is

a specific kind of anxiety, and its correlates are similar to those in secondary school-age children, adolescents, and adults.
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Math Anxiety in Early School-Age Children

Math anxiety is “a feeling of tension and anxiety that inter-
feres with the manipulation of numbers and the solving of
mathematical problems in a wide variety of ordinary life and
academic situations” (Richardson & Suinn, 1972, p. 551). Math
anxiety is defined as a specific kind of anxiety that negatively
affects math outcomes on various levels of math education
(Hembree, 1990). Research conducted among increasingly
younger students has led to the discovery that even children
starting school feel some level of math anxiety (Carey, Hill,
Devine, & Sz(cs, 2017; Cargnelutti, Tomasetto, & Passolung-
hi, 2017; Ganley & McGraw, 2016; Gierl & Bisanz, 1995; Hara-
ri, Vukovic, & Bailey, 2013; Hill, Mammarella, Devine, Caviola
Passolunghi, & Szlcs, 2016; Jameson, 2013, 2014; Krinzinger,
Kaufmann, & Willmes, 2009; Mutlu, 2019; Ramirez, Gunder-
son, Levine, & Beilock, 2013; Ramirez, Chang, Maloney, Lev-
ine, & Beilock, 2016; Vukovic, Kieffer, Bailey, & Harari, 2013;
Young, Wu, & Menon, 2012; Wu, Barth, Amin, Malcarne, &
Menon, 2012). Although the number of studies on the nature
of math anxiety in children has increased, some theoretical
issues related to its characteristics remain unclear.

There is insufficient evidence that math anxiety in young chil-
dren is a specific kind of anxiety. Previous studies on math
anxiety specificity mostly test the shared variance of math
anxiety with general anxiety defined as an individual's dispo-
sition toward worrying about a number of different things,
events, behaviors, and competences (Spence, 1997), and
with test anxiety defined as an apprehension in situations
involving performance evaluation (Putwain & Daniels, 2010).
Some of the studies in young children showed that math anx-
iety moderately or strongly correlates with general anxiety
(Carey et al., 2017; Cargnelutti et al., 2017; Ganley & McGraw,
2016; Hill at al., 2016; Szczygiet, 2019) and with test anxie-
ty (Carey et al., 2017; Gierl & Bisanz, 1995). However, other
studies reported no such relationship between math anxiety
and general anxiety (Cargnelutti et al., 2017; Gierl & Bisanz,
1995; Wu et al., 2012). Assuming that a significant proportion
of math anxiety variance is shared with general and test anx-
iety, then math anxiety is rather an unspecific manifestation

of general or test anxiety. If math anxiety and general and
test anxiety are weakly or moderately correlated with each
other, this could suggest that math anxiety is a unique con-
struct (Carey et al., 2017; Stober & Perkur, 2004).

Furthermore, if math anxiety is a specific type of anxiety, then
the scores of various math anxiety scales should be highly
correlated with each other and such a relationship should
be stronger than the relationship between math anxiety and
general and test anxiety. Usually, correlations between var-
ious math anxiety measures and both general anxiety and
test anxiety are tested; however, the specificity of math anx-
iety should also be confirmed in other ways. If math anxie-
ty is specific to mathematics, its level should be dependent
on math self-esteem (Eden, Heine, & Jacobs, 2013; Ganley &
McGraw, 2016) rather than language self-esteem, for exam-
ple. Therefore, children who are good at math should have
high math self-esteem and low math anxiety, and their coun-
terparts who are bad at math may have low math self-es-
teem and a high level of math anxiety (Eden et al., 2013;
Szczygiet, 2019). That said, language self-esteem should not
affect the level of math anxiety. If the level of math anxiety
and the level of self-esteem in academic domains other than
math are related to each other, this means that math anxiety
is more general than it may be supposed.

Based on previous studies, it can be assumed that math anx-
iety should be negatively related to math achievement. Most
studies involving young children showed a negative correla-
tion between math anxiety and math achievement (Gierl &
Bisanz, 1995; Harari et al., 2013; Jameson 2013; Ramirez et
al.,, 2013, 2016; Wu et al., 2012; Vukovic et al., 2013 - among
children with high working memory capacity; Szczygiet,
2019); however, other studies reported no relationship be-
tween both variables (Cargnelutti et al., 2016; Krinzinger et
al., 2009; Harari et al., 2013; Thomas & Dowker, 2000). The
inconsistent results may be down to the varying validity and
reliability of math anxiety measures and the type of math-
ematical tasks (Cargnelutti et al., 2016; Harari et al., 2013;
Krinzinger et al., 2009; Thomas & Dowker, 2000). Therefore,
it can be assumed that if the appropriate measure of math
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anxiety is used, the relationship between math anxiety and
math achievement should occur in early school-age children.
Moreover, if math anxiety is specific to mathematics, it should
be correlated with math achievement - even if general and
test anxiety are controlled. However, there is little research
that tests these relationships. Some studies show that math
anxiety and math achievement are related when general (Gan-
ley & McGraw, 2016; Hill et al., 2013 - in secondary children)
and test anxiety (Gierl & Bisanz, 1995; Van Mier, Schleepen, &
Van den Berg, 2019 - in girls) are controlled, but others indi-
cate no such relationship (Ganley & McGraw, 2016; Hill et al.,
2013 - in primary children; Van Mier et al., 2019 - in boys). At
the same time, previous studies do not test the relationship
between math anxiety and math achievement when general
and test anxiety were controlled. Therefore, if math anxiety
is related to math achievement in young children, even in
those cases where general and test anxiety are controlled, this
means that math anxiety is uniquely related to math.

Finally, most of the studies on math anxiety in children, ado-
lescents, and adults are conducted among English language
samples. However, due to international differences in the or-
ganizational system of mathematical education, it is justified
to follow the data obtained from cultural backgrounds other
than the West (Browne, Ortiz-Padilla, & Soto-Varela, 2020). If
subsequent studies provide further arguments on the spec-
ificity of math anxiety and its detrimental effect on math
achievement in young children, more attention should be paid
to the identification of its sources and the prevention of future
math anxiety development.

Present Study

Since the results of previous studies on the specificity of math
anxiety are inconsistent or insufficient, the main purpose of
this article is to provide additional data on the nature of math
anxiety in young children. In the paper, the results of two stud-
ies are presented which were conducted in a sample of Pol-
ish first- to third-grade children. It was assumed that if math
anxiety is a specific kind of anxiety, the math anxiety measure
(MAQC) should be positively and highly correlated with other
measures of math anxiety, and positively and moderately cor-
related with general and test anxiety. Moreover, math anxie-
ty should be negatively related to math achievement even if
general and test anxiety are controlled. Furthermore, children
with high math self-esteem in comparison to those with low
math self-esteem should be less math-anxious; however, no
differences in math anxiety should be observed between chil-
dren with a low and high level of Polish language self-esteem.

Method
Participants

The results of two studies in early school-age children are pre-
sented. The children that participated in the project attended
public primary schools in Krakow (Poland). In the first phase of
the school's enrollment for the study, schools were random-
ly selected for examination from the list of all schools in the
city. However, the participation of children in it depended on
the decision of the head of school, parents, and the children
themselves. Some headmasters and parents did not respond
to the request or did not give permission for the research.

The first study was conducted in nine schools at the end of the
first, second, and third grade in a cross-sectional plan (Study
1). The schools occupied different positions in the ranking of
schools in the city from the top to the bottom of the list. The
research was conducted in a group of 241 pupils: 46 children
(23 girls) from the first grade (mean age 7 years and 3 months,
range 6.1-8.3 years), 101 children (60 girls) from the second
grade (mean age 8 years and 2 months, range 7.1-9.3 years),
and 94 children (51 girls) from the third grade (mean age 9
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years and 4 months, range 8.0-11.2 years). The data about
education, income, and occupation were collected during a
parent-teacher conference. The socioeconomic status of most
children’s families was moderate or high.

The second study was conducted in twelve primary schools
(other than those in the first study). The schools occupied dif-
ferent positions in the ranking of schools in the city (from the
top to the bottom of the scale). The study is longitudinal and
started at the beginning of the first grade and continues up to
today (Study 2). However, the study presents the results col-
lected at the end of the second grade because the MAQC scale
was used then. Two hundred and thirty-one second-grade
children (110 girls) took part in the measurement. The mean
age of children at the end of the second grade was around
8-9 years. The socioeconomic status of the families was as-
sessed based on education, income, and occupation. Most of
the children came from families with a medium or high socio-
economic status.

Measures
Math anxiety

The Math Anxiety Questionnaire for Children (MAQC) was de-
veloped for measuring general math anxiety in young children.
The scale is based on the Mathematics Anxiety Scale in Young
Children (MASYC; Harari et al., 2013) and the Scale for Early
Mathematics Anxiety (SEMA; Wu et al., 2012). The MASYC is
three-dimensional (negative reactions, numerical confidence,
and worry), whilst the SEMA consists of two factors (numeri-
cal processing anxiety, situational and performance anxiety).
First, it was checked whether these scales could be adapted
to the Polish early school education environment. Both scales
were translated into Polish, back-translated, proofread, and
tested in pilot sessions. Following a pilot research that used
both scales in a Polish group of early school-age children, a
significant number of changes were needed to be made to the
MASYC and the SEMA. Firstly, the items were not adequate for
the level of the children’s language skills (especially that which
was related to physiological anxiety). Secondly, the mathe-
matics curriculum in Poland differs from the US curriculum,
so math-related questions were not valid and were removed.
Finally, the response scale used in the MASYC and the SEMA
(a four- or five-point scale) was too complex for children from
first to third grade.

The significant modifications made to the MASYC and the
SEMA required a new scale to be actually created. Based on
the problems described above, the items’ reliability, and item
content analyses, selected questions from both scales were
used in the final version of the measurement. These items
concerned math anxiety related to performing math activities,
and the final version of the scale was intended to measure
general math anxiety related to performing math activities.
To improve the validity and reliability of measurement, some
new items were added to the scale. The MAQC content fol-
lows the definition of math anxiety by Richardson and Suinn
(1972). They described math anxiety as a type of anxiety that
concerns solving math problems in various academic situa-
tions. The final version of the scale consisted of twelve items
(see details in Appendix). The response scale was limited to
a three-point scale (0 - no, 1 - a little, 2 - yes), which in turn
enabled simple answers from children. The higher the MAQC
score was, the higher level of math anxiety related to perform-
ing math activity was indicated. To eliminate the impact of the
children’s varying reading skills, the instructions were read
aloud by the researcher.

The structure of the scale was tested by exploratory (EFA) and
confirmatory (CFA) factor analyses using the combined data
from the cross-sectional and longitudinal studies. The data set
was divided into two parts that were equal in terms of the type
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Table 1. £EFA and CFA in the MAQC

n=368 Sample A n=184 Sample B n=184

M (SD) Item-scale correlations B EFA Item-scale correlations B CFA
1 .39 (.66) .48 .52 .54 .56
2 .67 (.79) .63 .61 .64 74
3 41 (.70) .58 .61 .49 .55
4 .53(.73) .64 .70 .62 .66
5 .72(.82) .65 .67 .54 .52
6 .09 (.35) .56 .82 .46 .80
7 .25 (.55) .52 .59 .48 .55
8 .16 (.45) .28 41 .36 37
9 .54 (.72) .57 .57 .56 .55
10 .52 (.73) 61 61 .55 .60
11 .12 (.40) 51 74 48 .65
12 .30 (.59) .55 .58 47 47

Model Summary

Recommended value (Hu & Bentler, 2009)

Obtained value Obtained value

CFI >.90 .95
TLI >.95 .70 .93
SRMR <0.08 .09 A3
RMSEA [90% CI] <0.06 A5[0.14, .17] .07 [.04, .09]

Note: All item-scale correlations and the regression path were significant on p<.001. CFl - Comparative Fit Index, TLI - Tucker-Lewis Index, SRMR - Standardized Root

Mean Square Residual, RMSEA - Root Mean Square Error of Approximation.

of study, grade year, and gender (n,= 184, n,= 184). The anal-
yses were conducted in R packages: psych (EFA, Rewelle,
2019) and lavaan (CFA, Rosseel, 2012).

In the first step of the EFA, a parallel analysis was run to
extract the actual number of dimensions. Based on the par-
allel analysis scree plot and item content, one factor was
extracted. Then, the principal axis method with the oblim-
in rotation was applied. Analysis was run on the polychor-
ic correlation matrix because of the ordinal variables. All
statistical assumptions were met to conduct EFA: Bartlett's
test of sphericity x°,= 747.76; p< .001; KMO= .82; matrix
determinant= .08. The extracted factor explained 39% of
variance, which is a comparable result to the SEMA (38.29%
explained by two factors, Wu et al., 2012) and the MASYC
(41.34% explained by three factors, Harari et al., 2013).
The model fit indices are below cut-off (especially TLI and
RMSEA); however, the item-factor loadings ranged .24-.58,
which is acceptable in social sciences (Costello & Osborne,
2005). Moreover, the item-scale correlations varied from r=
.28 to r=.63, p< .001, which indicates that the items are as-
sociated with the overall results in the same direction and at
similar levels (see Table 1).

To verify the fit of the unidimensional solution, CFA was per-
formed in the second sample. Mardia’s test shows that the
assumption of multivariate normality was violated (skew-
ness 2197.02, p< .001, kurtosis 29.22, p< .001). Because of
this and because of the ordinal characteristic of the var-
iables, the Diagonally Weighted Least Squares estimator
(DWLS) on the polychoric correlation matrix was used (Min-
drila, 2010). The model does not fit the data very well (y° =
96.44; p< .001), but the model fit indices are acceptable (see
Table 1). The value of the CFl indicates a good model fit, the
TLI and the RMSEA values are on the border of cut-off and
indicate a reasonably good model fit, but the SRMS is un-
satisfactory. This relatively higher value may be, however,
explained by the sample size. The standardized difference
between the observed correlation and the predicted corre-
lation is greater for a small number of observations (Nye &
Drasgow, 2011). Although the model fit is not perfect, the
factor loadings ranged .37-.80, and these values are prop-

er (Costello & Osborne, 2005). Additionally, the item-scale
correlations confirm that the scale is consistent (r= .36-.64).

The internal consistency of the MAQC calculated for the
whole group is a= 0.77 (n= 368), and the test-retest reliabil-
ity is r=.56, p< .001, n= 55. Therefore, the reliability of the
MAQC is very satisfactory.

The modified Abbreviated Math Anxiety Scale for Elemen-
tary School Children (MAMAS-E, Szczygiet, 2019) is based
on the mAMAS (Carey et al., 2017) and is intended for ear-
ly school-age children. The scale consists of two subscales:
learning and testing math anxiety and has nine items and a
three-point response scale. The higher the mAMAS-E scores
were, the higher the levels of math anxiety (general, learn-
ing, and testing) were indicated. To check the structure of
the scale in the tested sample, CFA was applied. Mardia's
test shows that the assumption of multivariate normality
was violated (skewness 3238.46, p< .001, kurtosis 61.18, p<
.001, n= 419). Additionally, the variables are three-categori-
cal. Therefore, the DWLS estimator was applied and analysis
was conducted on the polychoric correlation matrix (Min-
drila, 2010). The model fits the data very well: ° .= 36.62; p=
.08, and the model fit indices are very satisfactory: CFI=.99,
TLI= .99, RMSEA= .03 [90% CI 0, .05], SRMR= .07. The factor
loadings ranged .59-.79 (math learning anxiety) and .55-.73
(math testing anxiety); they are both very well (Costello &
Osborne, 2005). The internal consistency reliability of the
math learning anxiety scale is a= .59, and of the math testing
anxiety scale is .71. Stratified alpha calculated for mAMAS-E
total is .78. The reliability of the total and the math testing
anxiety scores is plausible; however, the internal consisten-
cy of the math learning anxiety scale is below expected. The
relatively low reliability may be explained by the shortness
of the scale and the low variance of the results obtained in a
small number of categories in the response scale.

General Anxiety
The Revised Children’s Manifest Anxiety Scale (RCMAS, Reyn-
olds & Richmond, 1978) measures general anxiety and con-

sists of a lies scale and three subscales: physiological anxiety
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(RCMAS-P), worry/oversensitivity (RCMAS-W), and social con-
cerns/concentrations (RCMAS-S). The Polish language version
of the scale was prepared in accordance with the back-trans-
lation procedure and tested in other studies. The scale has 37
items, to which the children answer yes/no. The higher score
in the RCMAS was, the higher level of anxiety was indicated.
The internal consistency reliability of the RCMAS is a= .69 for
physiological anxiety, a= .69 for worry, and a= .75 for social
anxiety (n= 57). Stratified Cronbach’s a for total score is .89.
The reliability of the scales is acceptable. The small number of
collected observations does not allow for the confirmation of
the scale structure in the study.

The Short Revised Children’s Manifest Anxiety Scale (SRCMAS,
Stark & Laurent, 2001) measures general anxiety. Stark &
Laurent (2001) extracted seven items from the RCMAS; they
identified them as unique measures of anxiety (irrespective of
depression). The scale was prepared in accordance with the
back-translation procedure, improved in the Polish language,
and adapted to the Polish environment. The response scale
on which children assessed the level of their anxiety consists
of three categories (0 - no, 1 - a little, 2 - yes). The higher
the SRCMAS score was, the higher level of general anxiety was
indicated. Based on the authors’ remarks and items’ content,
the scale was assumed to be unidimensional. To check the
structure of the scale, CFA was conducted (n= 203). Because
Mardia’s test reveals multivariate nonnormality (skewness
186.55, p< .001, kurtosis 2.11, p< .05) and the response scale
is ordinal, the analysis was conducted with the DWLS estima-
tor and the polychoric correlation matrix (Mindrila, 2010). The
model significantly deviates from the data (y°,,= 186.69; p<
.001), and the model fit indices are on the border of accept-
ance: CFI= .88, TLI= .83, RMSEA= .06 [90% Cl .05, .08], SRMR=
.12. Although the model fit is not excellent, the factor loadings
in the model vary from .40 to .74 and are acceptable (Costello
& Osborne, 2005). The internal consistency of the scale is also
plausible: a=.70.

Test Anxiety

Test anxiety in the children was measured by the Children’s
Test Anxiety Scale (CTAS, Wren & Benson, 2004). The CTAS has
30 items and three subscales: thoughts, off-task behaviors,
and autonomic reactions; however, in the present study, only
the thoughts subscale (CTAS-T; consisting of 13 items) was
used. The CTAS-T was translated into Polish, back-translated,
and subsequently improved. The scale is a four-point meas-
urement tool: children described their feelings when taking a
test from 1 (almost never) to 4 (almost always). As the number
of points in the test increases, the level of test anxiety grows.
The structure of the CTAS-T was checked using CFA (n= 249).
Mardia’s test indicates multivariate nonnormality (skewness
1241.90, p< .001, kurtosis 18.55, p< .001), and the variables
are ordinal; therefore, the DWLS estimator and the analysis
on the polychoric correlation matrix were run (Mindrila, 2010).
Although the model significantly deviates from the data (y* ,,=
128.69; p< .001), the model fit indices are very satisfactory:
CFI=.98, TLI=.99, RMSEA= .06 [90% Cl .05, .08], SRMR=.08. The
factor loadings ranged .38-.80 and are proper (Costello & Os-
borne, 2005). The internal consistency reliability of the CTAS-T
is appropriate: a= .86.

Math and Polish Language Self-esteem

In order to divide children into groups, they were asked ques-
tions about their Math (MSE) and Polish (PSE) self-esteem.
Children were asked the following questions: “Are you good at
Math? Yes, a little, or no?” and “Are you good at Polish? Yes, a
little, or no?". Children who answered “yes”, “a little”, and “no”
were assigned to the group “high self-esteem”, “moderate

self-esteem”, and “low-self-esteem,”, respectively.
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Math Achievement

Because no standardized math knowledge tests for early
school-age children were available in Poland, the tasks of my
own design were used to measure math achievement (MATH)
in both studies. | prepared the tasks in cooperation with a
mathematician. The main objective of the test construction
was to prepare the representative sample of mathematical
tasks in accordance with the core curriculum for elementary
schools and educational materials recommended by the Pol-
ish Ministry of Education. No dimensions of the constructed
tasks were assumed.

The preparation of the tasks in the cross-sectional study was
as follows. Initially, twenty tasks were prepared for each grade
year, and each task consisted of several examples. The proper-
ties of item-content and the instructions were rated by a team
consisting of several psychologists, an early education teach-
er, and a mathematician. After improving the test, two pilot
sessions were conducted in individual meetings with twen-
ty-one children. The pilot studies allowed me to determine the
level at which children understood the instructions, improve
the way with which children’s answers were rated, and ascer-
tain the level of difficulty in the tasks and their approximate
solving time. Finally, eleven complex and representative tasks
were selected for the final version of the test. The mathemat-
ical test preparation procedure in the longitudinal study was
analogous to the one used in the cross-sectional study. Most
of the tasks from the first study were reused; however, more
examples were added to improve the validity and reliability of
the children’s math skills assessment.

MATH-1, MATH-2, and MATH-3 were used in the cross-section-
al study, MATH-II in the longitudinal research. The following
mathematical areas were measured in the first- to third-grade
children: MATH-1 - knowledge of numbers, counting, addi-
tion, and subtraction, discovering rules, knowledge of money,
knowledge of geometric figures, and reading a tape measure;
MATH-2/MATH-II - addition and subtraction, multiplication
and division, reading a tape measure, spatial orientation, dis-
covering rules, and clock reading; MATH-3 - addition and sub-
traction, multiplication and division, reading a tape measure,
discovering rules, clock reading, and knowledge of dates and
money.

In both studies, mathematical tasks were performed by the
children themselves, but instructions were read aloud by the
researcher to eliminate the impact of the children’s varying
reading skills. The children completed the mathematical test
in 20-40 minutes. In the cross-sectional study, the children
could score a maximum of 36 points, and in the longitudinal
study 62.

The psychometric properties of the tests were ascertained. All
correlations between mathematical tasks and whole scores
in math tests are weak/moderate/strong, positive, and signif-
icant (p< .01): MATH-1 r=.39-.69, MATH-2 r=.29-.71, MATH-3
r=.32-.74, MATH-Il r= .29-.61. The scale consistency was also
confirmed by the satisfactory reliability of the math achieve-
ment tasks: MATH-1 a= .80, MATH-2 a= .83, MATH-3 a= .89,
MATH-II a= .91. Additionally, the level of difficulty for mathe-
matical tasks in each grade year was calculated by the ratio of
points actually scored by all children to the maximum number
of points that could be obtained. The average level of difficulty
for math tasks in study 1 is .77, .71, and .71 for first, second,
and third grade, respectively, and .69 in study 2. In accordance
with the assessment of Janowicz (2017), the tasks can be re-
ferred to as “easy” or “moderately difficult”.

Procedure
Both studies were conducted in public schools in Krakow after

ethical permission had been obtained from the Scientific Re-
search Ethic Committee of the Institute of Psychology, Jagiello-
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nian University of Krakow and approval given from the head
of each school and children’s parents. The cross-sectional
study consisted of two meetings at the end of the school
year. The first test session was in April-May 2017, and chil-
dren were checked in general anxiety (RCMAS), math anxiety
(MAQC, mAMAS-E), and math self-esteem (MSE). The second
test session was conducted in May-June 2017, and children
were tested in math performance (MATH-1, MATH-2, and
MATH-3). Children from the longitudinal study were tested
at the end of second grade in May and June 2019. They were
surveyed in math anxiety (MACQ, mAMAS-E), general anxie-
ty (SRCMAS), test anxiety (CTAS-T), math self-esteem (MSE),
Polish language self-esteem (PSE), and math achievement
(MATH-II).

Children were surveyed in individual meetings with a re-
search assistant. Each time, children were informed about
the purpose of the study, the possibility to refuse to answer
questions, and the possibility to withdraw from the study
at any time. To eliminate the influence of children’s read-
ing skills on the level of their instruction comprehension,
all instructions were read aloud by the researcher. Answers
about general anxiety, test anxiety, math anxiety, and math
and Polish self-esteem were written down by the researcher
on the answer card, while solutions to mathematical prob-
lems were written on the cards by the children themselves.
The average time of the test session lasted 20-45 minutes.

Results

The analyses were conducted in PS IMAGO PRO 5.1. The re-
sults obtained in the two studies are presented together be-
cause the collected data are complementary and based on
the same tasks and the same age group. The effect size of
group comparison was calculated by the calculator of Len-
hard & Lenhard (2016).

Firstly, the descriptive statistics of the MAQC were calcu-
lated. The MAQC distribution is right-skewed and deviates

Table 2. Zero-order Correlations with the MAQC Score

from normality (skewness= 1.23, kurtosis= 1.56, W= .89,
p< .001). The mean MAQC score is low (M= .39, SD= .34);
however, both those who feel no math anxiety or are very
math-anxious (range 0-1.83) could be found in the sample.
The mean score of math anxiety in girls (M= .44, SD= .38, n=
193) is higher than in boys (M= .31, SD= .34, n= 176) and this
gap is small/medium (t,,,= -2.80; p< .01; d=.36).

In the second step of the analysis, the specificity of math
anxiety was checked by a series of Pearson’s correlation
tests. It was tested whether the math anxiety measured by
the MAQC is related to another measure of math anxiety,
general anxiety, test anxiety, and math achievement (see
Table 2).

The results from both studies show that the math anxiety
measured by the MAQC positively and moderately/strongly
correlates with total, math learning, and math testing anxie-
ty. The MAQC score positively and mainly moderately corre-
lates with general anxiety and moderately with test anxiety.
Negative and weak/moderate relationships were observed
between the MAQC score and math achievement. The re-
sults are mostly consistent with those formulated in the as-
sumptions (see: introduction).

Afterward, additional analyses were conducted to check
whether the MAQC score is related to math achievement
even when general anxiety and test anxiety are controlled
(see Table 3).

In study 1, it was tested whether the MAQC score is relat-
ed to the MATH score calculated together for children from
first to third grade. The combination of data was justified be-
cause of: (a) relatively few observations in each grade year;
(b) non-significant differences in the average result in MATH
in each grade year; and (c) almost the same difficulty level of
mathematical tasks in each grade year. The results indicate
a significant, negative, and moderate correlation between
math anxiety and math achievement when general anxie-

Study Task N Mean (SD) MAQC Effect size interpretation

182 MAMAS-E Total 284 .34(.34) .66*** Strong

Math anxiety MAMAS-E Learning 284 .18(.29) 59%** Moderate/Strong
MAMAS-E Testing 284 .53(52) 56**F* Moderate

1 RCMAS 57 .40(23) B0*F* Moderate/Strong

RCMAS-P 57 .37(24) A8FF* Moderate

General anxiety RCMAS-W 57 .36(26) 57*F* Moderate
RCMAS-S 57 .33(30) Q9FF* Moderate

2 SRCMAS 119 .68(.48) AT Moderate

Test anxiety 2 CTAS-T 127 2.03(.61) AT7HEE Moderate
1 MATH-1 46 27.75(4.98) - 40%* Weak/Moderate

Math achievement MATH-2 101 25.91(6.06) -.39%** Weak/Moderate
MATH-3 93 25.67(7.33) - 37FF* Weak/Moderate

2 MATH-II 127 42.83(9.88) -.38%** Weak/Moderate

Note: * p<.05; ** p<.01;
very strong correlation.

p<.001. The effect size is provided based on Evans’ proposal (1996): r< .20 very weak, .20-.39 weak, .40-.59 moderate, .60-.79 strong, > .80

Table 3. Partial Correlations between the MAQC Score and Math Achievement (General Anxiety and Test Anxiety as Covariates)

Study 1 Study 2

Controlled by MAQC Controlled by MAQC
RCMAS -31"  sRCMAS -33%**
RCMAS-P MATH 1-3 -.34"  CTAS-T MATH-II -.26%*
RCMAS-W -35"  sSRCMAS & CTAS-T -.28%*
RCMAS-S -30"

Note: *p<.05; **p<.01; **p<.001; Study 1: n= 55, study 2: n=116-125. All correlations are weak in accordance to Evans’ proposal (1996).
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ty is controlled. The type of general anxiety does not change
the results. In study 2, it was checked whether math anxiety is
related to math achievement when general anxiety and test
anxiety are controlled separately and together. The results
show a significant, negative, and weak relationship between
the MAQC score and math achievement in each case. There-
fore, the results from both studies confirm that math anxiety
is related to math achievement even when general and test
anxiety are controlled.

Finally, it was planned to compare children with low and high
levels of math and Polish language self-esteem; however, in
the tested sample, there were only a few children with low
levels of math self-esteem. Because of that, a comparison be-
tween children with moderate and high levels of math and Pol-
ish self-esteem was performed. Children with moderate math
self-esteem (M= .60, SD= .35, n= 53) feel stronger math anxiety
in comparison to those with high levels of math self-esteem
(M= .29, SD= .29, n= 67) and the difference is large (t,,,= 5.34;
p<.001; d=.97). However, a lack of statistically significant dif-
ferences between children with a moderate (M= .44, SD= .42,
n=46) and high (M= .48, SD= .39, n=69) level of Polish language
self-esteem was noted (t, .= -.65; p=.51; d=.10).

(113)

Discussion

Math anxiety is considered an important predictor of mathe-
matical skills in school-age children, adolescents, and adults
(Dowker, Sarkar, & Looi, 2016; Zhang, Zhao, & Kong, 2019). In
recent years, it was observed that children starting school also
display some syndrome of math anxiety (Ganley & McGraw,
2016; Jameson, 2013; Ramirez et al., 2013). Since children in
first to third grade do not have many math-related experienc-
es, it prompts questions about the specificity of math anxiety
in young children. Can we explain math anxiety by general
anxiety or test anxiety? Does math anxiety negatively affect
children’s math performance? If yes, does the effect occur
when general and test anxiety levels are controlled? Since
math anxiety in young children has been studied relatively re-
cently, more evidence needs to be gathered for the specificity
of math anxiety in this age group. The answer to this gap is
two complementary studies conducted among children from
first to third grade.

The results of both studies show that math anxiety is specific
to mathematics and cannot be identified with general or test
anxiety. First of all, it was shown that math anxiety measures
are moderately or strongly correlated with each other and
such correlations were mostly stronger than the relation-
ships between the MAQC score and general and test anxiety.
Although math anxiety shares a substantial part of variance
with general and test anxiety, these constructs are not corre-
lated strongly enough with each other to conclude that they
are identical.

Secondly, the level of math anxiety was dependent on the lev-
el of math self-esteem but not on the level of Polish language
self-esteem. It turns out that young children can properly
assess their own school subject skills. In this domain, self-es-
teem is connected to the level of their anxiety toward school
subjects. If math anxiety was not specific to mathematics,
its level would not only depend on self-assessment of their
mathematical skills (Goetz, Cronjaeger, Frenzel, Ludtke, & Hall,
2010; Szczygiet, 2019), but also language skills.

Moreover, research results provide evidence that math anxie-
ty is negatively and moderately related to math achievement
in children from first to third grade, which means that such
a relationship occurs irrespective of the type of math tasks.
Therefore, the obtained results provide more evidence that
math anxiety is negatively related to math achievement in
young children (Gierl & Bisanz, 1995; Harari, 2013; Jameson,
2013; Ramirez et al., 2013, 2016; Szczygiet, 2019; Vukovic et al.,
2013; Wu et al.,, 2012). Furthermore, the negative relationship
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between math anxiety and math achievement persists when
general anxiety and test anxiety are separately and simultane-
ously controlled. These results clearly demonstrate that math
anxiety in young children is something more than a disposi-
tion toward feeling anxiety in everyday or test situations (Gan-
ley & McGraw, 2016; Gierl & Bisanz, 1995; Hill et al., 2013; Van
Mier et al., 2019). Therefore, the research results indicate that
math anxiety in young children is similar to that in older chil-
dren, adolescents, and adults, and is a specific kind of anxiety
(Ashcraft, 2019; Hembree, 1990; Ma, 1999).

Similar to other research results, the study shows that the av-
erage level of math anxiety in the studied group was low, but
there were some children with a high level of math anxiety
(Carey et al., 2017; Cargnelutti et al., 2017; Ganley & McGraw,
2016; Krinzinger et al., 2009; Ramirez et al., 2016; Wu et al.,
2012; Young et al., 2012). The results fit Zhang et al.'s math
anxiety development model (2019), which assumes that low
levels of math anxiety at the beginning of education increase
throughout the years, peak in high school and then slowly
decrease, while not disappearing completely in adulthood.
Because math anxiety predicts the avoidance of math-related
activities (Choe, Jennifer, Rozek, Berman, & Beilock, 2019), it is
necessary to know the sources of math anxiety formation and
development. Among the factors contributing to children’s
math anxiety are individual and environmental factors such
as genetic factors (Wang et al., 2019) and factors related to
teachers and parents (Maloney et al., 2015; Szczygiet, 2020).
Indeed, previous studies show that children’s math anxiety
is underlined by anxieties related to making mistakes, bad
grades, dissatisfaction shown by teachers and parents, and
ridicule in front of the whole class. However, because of little
support for the hypothesis that teaching methods or teach-
ers’ and parents’ own math anxiety directly or indirectly af-
fects children’s math anxiety (Beilock, Gunderson, Ramirez, &
Levine, 2010; Maloney, Ramirez, Gunderson, Levine, Beilock,
2015; Soni & Kumari, 2017; Szczygiet, 2020), further research
is needed in this area.

Moreover, the present research results show that girls are
more math-anxious than boys, which is in accordance with the
results obtained in some studies (Carey et al., 2017; Griggs,
Rimm-Kaufman, Merritt, & Patton, 2013; Hill et al., 2016; Szczy-
giet, 2019), but contradictory to other reports (Gierl & Bisanz,
1995; Harari et al., 2013; Jameson, 2014; Kucian et al., 2018;
Ramirez et al., 2013; Young et al., 2012). The gender gap in
math anxiety was also discussed in studies among secondary
school learners and adults. These studies either indicated that
females have higher math anxiety levels than males (Nufiez-
Pefia, Suarez-Pellicioni, & Bono, 2016) or demonstrated no
differences in math anxiety levels between males and females
(Birgin, Baloglu, Catlioglu, & Gurbuz, 2010; Devine, Fawcett,
Szlcs, & Dowker, 2012). Both theorists and practitioners may
find it vital to determine whether gender differences in math
anxiety occur or not in young children. One of the purported
reasons for women “escaping” from STEM sciences is math
anxiety (Choe et al., 2019). In accordance with the obtained re-
sults, math anxiety starts at an early school age and is higher
among girls than boys. Therefore, it seems that being female
is a risk factor for the development of math anxiety; however,
more studies are needed in this area.

Finally, methodological issues should be noted. One of the
limitations to these studies is the generalizability of the ob-
tained results on the early school-age children population.
Both studies were conducted in children living in a big city and
brought up in families with a moderate/high socioeconomic
status. The studies involved minors, which means that permis-
sion from headmasters and parents was needed to complete
them. It is possible that already at the stage of obtaining con-
sent there was a bias in the selection of people interested in
participation. Parents interested in their child’s education par-
ticipated in a parents-teacher conference and agreed to have
their children examined while less engaged parents refused
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consent to the child’s participation in the study. This hypoth-
esis is supported by the relatively high socioeconomic status
of the children’s families and the pupils’ high level of math
performance. The second important issue concerns the
measurement of math, general, and test anxiety, as well as
math achievement. Some of the measures used in the study
have very well psychometric properties, but others need
some improvements and further development. Especially, a
greater sample size is needed if the structure of the meas-
urement is tested. Nye and Drasgow (2011) suggest that
the CFA model should be run on around 800-1000 obser-
vations if the Weighted Least Squares estimator is applied.
This is particularly important if correlations between items
are weak or moderate (Kenny, 2015). Moreover, Nye and
Drasgow (2011) indicate that model fit assessment criteria
should be stricter if the DWLS is used instead of the ML es-
timator. Although the issues of psychological assessment in
young children were discussed in detail in other papers (e.g.
Ganley & McGraw, 2016; Stark & Laurent, 2001; Szczygiet,
2019), it should be noted that problems with the valid and
reliable measurement of emotions in early school-age chil-
dren are a common phenomenon (Cargnelutti et al., 2016;
Harari et al., 2013; Krinzinger et al., 2009; Thomas & Dowker,
2000). To date, over a dozen scales measuring general, test,
and math anxiety have been developed; however, research-
ers are still working to develop a suitable measurement tool
for youngest children.

Conclusions

The obtained results show that math anxiety in young
children is a specific kind of anxiety. Math anxiety may be
partially explained by general and test anxiety; however,
this cannot be identified. Math anxiety is related to math
achievement and math self-esteem in early school-age chil-
dren, even if general and test anxiety are controlled togeth-
er. The study confirms the specificity of math anxiety but
leads to the formulation of further questions. Girls exhibit
higher math anxiety levels than boys, which raises the ques-
tion why that is the case. Moreover, although the character-
istics of math anxiety in early school-age children are similar
to the nature of math anxiety in older children, adolescents,
and adults, further studies on math anxiety in young chil-
dren are needed to establish the sources, development, and
mechanism of action of math anxiety on math achievement.
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Appendix
The Math Anxiety Questionnaire for Children (MAQC)

Instruction: | will ask you some questions related to mathematics. Please, answer “yes”, “a little” or “no” to my questions.

1 Do you like solving mathematical problems? Yes A little No
2 Do you like being asked questions during math classes? Yes A little No
3 Do you like to speak about mathematics? Yes A little No
4 Are you nervous when you ask questions about mathematics? Yes A little No
5 Are you nervous at the thought of making a mistake when solving tasks? Yes A little No
6 Are you afraid of mathematics? Yes Alittle No
7 When you are in math class and the teacher says that you will be discussing a new topic, are you nervous? Yes A little No
8 When you do your homework in mathematics, are you nervous? Yes A little No
9 When you start to solve a difficult task, are you nervous? Yes A little No
10  When you solve a task on the blackboard during math class, do you get stressed? Yes A little No
11 When the teacher explains how to solve a math problem, are you nervous? Yes A little No
12 When you have to ask your teacher for help because you do not know how to solve a task, are you nervous? Yes A little No

Note. Items 1-3 are reversed. Content of items 7, 8, 10, 11, 12 is based on the SEMA, items 1, 2, 5, 6 are inspired by the MASYC, and items 3, 4, 9 are my own proposal. The
scale is also available in a 14-item version (author paper).
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