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Abstract

The study investigated the relationship between math anxiety in parents and teach-
ers and math anxiety and math achievement in first- to third-grade children. The
results indicate that math anxiety in fathers (but not mothers and teachers) is associ-
ated with math anxiety in first-grade children and third-grade girls. Math anxiety
in mothers and teachers (but not fathers) explains the level of math achievement in
third-grade children. The research results indicate the importance of adults in shap-
ing pupils’ math anxiety and math achievement, but these relationships vary depend-
ing on gender and the grade year. The obtained outcomes generally suggest that
adults’ math anxiety is not a social source of children’s math anxiety, but it can be
considered a source of low math achievement among children in the final grade of
early school education.

Keywords Math anxiety - Math achievement - Early school age - Parents - Teachers

1 Introduction
1.1 Predictors and development of math anxiety and achievement

Math skills are mentioned in the recommendations of the European Parliament and
the Council of the European Union (962/EC/2006, 2006) as one of the key compe-
tences in the process of lifelong learning. They are also considered a key area of
STEM education (Gonzalez and Kuenzi 2012; Holmlund et al. 2018). Early school
experiences in learning mathematics are very important for the future development
of children’s skills in this area (Levine et al. 2010). It is important to understand
the factors that predict differences in the level of math achievement in elementary
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school children. This is because difficulties in math learning may even appear at the
very beginning of education (Jordan et al. 2006). The determining factors for math
achievement in children include the following individual variables: biological (Tosto
et al. 2014), cognitive (Kyttdld and Lehto 2008; Sasanguie et al. 2013), emotional
(Wu et al. 2012), and personality (Li and Kun 2007). There are also environmen-
tal variables: related to culture (Phillipson and Phillipson 2007), family (Blevins-
Knabe and Musun-Miller 1996; Phillipson and Phillipson 2007; Sirin 2005), and
school (Lorenzen 2017; Maxwell et al. 2017). Math anxiety in children (Harari et al.
2013), their parents (Maloney et al. 2015), and teachers (Widmer and Chavez 1982)
is considered to be an important predictor of math achievement, both individually
and environmentally. According to Richardson and Suinn (1972, p. 551), “math
anxiety is a feeling of tension and anxiety that interferes with the ability to manipu-
late numbers and to solve mathematical problems in both ordinary life and academic
situations.” Finding out and understanding the sources of math anxiety is desirable
because of its importance in predicting math achievement (Cargnelutti et al. 2016;
Vukovic et al. 2013a).

Until recently, the onset and development of math anxiety were believed to be
closely related to the level of difficulty experienced during mathematical task com-
pletion and the accumulation of failures in this area (Hembree 1990; Jameson 2014;
Maloney and Beilock 2012). In his meta-analysis, Hembree (1990) demonstrated
that math anxiety varies in level across age groups: it is low or medium in elemen-
tary school children; it peaks in the high school period, and slowly falls after gradu-
ation (but continues to exist). Nevertheless, the math anxiety development model by
Hembree (1990) did not include the results of studies involving early school chil-
dren because these have only been conducted in recent years. The results of recently
conducted studies show that early school children, although having little experi-
ence related to mathematics, also feel a certain level of math anxiety (e.g., Cargn-
elutti et al. 2016; Ramirez et al. 2013, 2016). Generally, the average level of math
anxiety in children is low or moderate, but some individual children experience an
extremely high level of math anxiety (Cargnelutti et al. 2016). The increasing num-
ber of research results confirm the existence of math anxiety in early school children
and the relationship between their math anxiety and math achievement (e.g., Ram-
irez et al. 2013; Wu et al. 2012). These research outcomes have contributed to inves-
tigations into the sources of pupils’ math anxiety that extend beyond the difficulty of
mathematical tasks and the accumulation of failures.

Studies on the determinants of math anxiety are conducted in various areas.
Researchers mention the following factors as sources of math anxiety: (1) cogni-
tive factors (weak number sense, Lindskog et al. 2017); (2) personality factors (low
math self-esteem and low math self-efficacy, Jameson 2014); (3) social factors (gen-
der and math stereotypes, Beilock et al. 2010; Cheryan et al. 2015; math anxiety
or negative attitude toward mathematics in teachers and parents, Hadley and Dor-
ward 2011; Jameson 2014; traditional teaching methods, Lorenzen 2017; insufficient
parental involvement in children’s math learning, Gunderson and Levine 2011; Lev-
ine et al. 2010; Vukovic et al. 2013b); and (4) factors related to the nature of math-
ematics (the abstract nature of mathematics, the need to remember many rules, high
or excessively high levels of difficulty experienced during math problem completion,
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failures in math learning; Mason 1988). Unresolved problems and controversies can
be found in each and every research area investigating the emergence and develop-
ment of math anxiety; however, they are particularly pronounced in the social area.

It is especially interesting to explore the social sources of pupils’ math anxiety
and math achievement: more specifically, the effect of adults’ own math anxiety on
children’s math anxiety and math achievement. Researchers (e.g., Aslan et al. 2013;
Lindskog et al. 2017; Sovchic 1996) indicate the importance of math anxiety levels
in parents and early school teachers for shaping children’s math anxiety and their
level of math achievement, but they often do not provide sufficient evidence to con-
firm this thesis. Although parents’ and teachers’ math anxiety is commonly believed
to be a significant factor in explaining children’s math anxiety and achievement,
few studies have been carried out to check these relationships. For this reason, a
study was planned to ascertain whether children’s and adults’ math anxiety levels
are directly or indirectly related to each other, and whether adults’ math anxiety can
be a factor that predicts children’s math achievement. This issue is worth exploring,
which is best evidenced by the fact that information about whether teachers or par-
ents “infect children with math anxiety” appears in the literature (e.g., Burton 1979).
This finding in turn would suggest that reduced math anxiety in parents and teachers
implies a lower level of math anxiety in children. However, if math anxiety in adults
is not directly related to children’s math anxiety and their math achievement, it is
necessary to look for other sources of pupils’ math anxiety and low achievement or
to look for mediating and moderating factors that explain the impact of adults’ own
math anxiety on children’s math anxiety and achievement. It is important to explore
the significance of adults’ own math anxiety in explaining children’s math anxiety
and achievement. It is vital both from a theoretical perspective (investigations into
factors explaining the mechanism of the onset and development of math anxiety)
and a practical point of view (the need, or lack thereof, for appropriate interventions
to reduce math anxiety levels in adults).

Having these problems in mind, the first aim of this article is to present current
studies about the relationship between parents’ and teachers’ own math anxiety and
children’s math anxiety and math achievement. The outcomes of previous studies
on this topic will be discussed in detail below. This is because research plans and
their outcomes are extremely diverse in this area. Such an organization of material
can also facilitate the understanding of the factors that may be key to elucidating the
relationship between parents’ own math anxiety and math anxiety and achievement
in children. The second objective of the paper is to explain why I have decided to
conduct a study on the topic and discuss my research findings regarding Polish early
school children, their parents, and teachers.

1.2 The importance of the family environment
The importance of parental factors in children’s educational outcomes has been
revealed in many studies (Blevins-Knabe and Musun-Miller 1996; Simpkins et al.

2005, 2006; Sirin 2005), and it is not surprising that researchers see agents in the
family that predict the intensity of children’s math anxiety and the level of their
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math achievement. Many authors (e.g., Harari et al. 2013; McLeod et al. 2007) have
reported empirical evidence that parenting practices play a role in developing and
maintaining children’s anxiety. However, few studies have been carried out to check
the relationships between parents’ and children’s math anxiety and pupils’ math
results. Table 1 presents current research in this area.

Maloney et al. (2015) examined whether parents’ math anxiety can be used as a
predictor for first- and second-grade children’s math achievement. It turned out that
only math anxiety in those parents who help their children do homework predicts
the math outcomes of children, but there is no such relationship when high-math-
anxiety parents do not help them (Bhanot and Jovanovic 2005; Maloney et al. 2015).
The level of parents’ math anxiety did not predict children’s achievement in read-
ing, which suggests that the influence of their anxiety is specific to mathematics.
Parents with a high level of math anxiety have the opportunity to express negative
emotions related to mathematics when helping their children with math homework
(Bhanot and Jovanovic 2005). This can decrease the motivation of these children to
learn the subject, and thus leads to their under-achievement in math and increased
math anxiety. Maloney et al. (2015) reveal the importance of parents’ math anxi-
ety in predicting children’s performance, but they do not confirm the hypothesis of
a direct relationship between the math anxiety of parents and children. The model
explaining the relationship between the variables included in this study is the fol-
lowing: math anxiety in parents who help children with homework determines the
math achievement of children, and the level of children’s achievement predicts their
level of math anxiety.

Other findings include those by Jameson (2014), who determined the role of per-
sonal and environmental factors that predict math anxiety in second-grade children.
In the first model, which includes children’s personal characteristics (gender, math
self-concept, and math self-efficacy), only math self-concept turned out be a sig-
nificant predictor of children’s math anxiety. The second model, which, in addition
to personal characteristics, also included parents’ variables (math anxiety, the fre-
quency of math activity at home, and the accessibility of math activities at home),
revealed the importance of three variables: children’s math self-concept, children’s
math self-efficacy, and the frequency of math activity at home. Irrespective of the
tested models, math self-concept is the strongest predictor of math anxiety in chil-
dren, and parents’ math anxiety was not a significant predictor of children’s math
anxiety.

The results of a study carried out by Soni and Kumari (2017) among older chil-
dren, from fifth to tenth grade, show a direct relationship between the math anxiety
of children and that of their parents. According to the authors, there is a relation-
ship between math anxiety in parents and children, and the math anxiety of children
predicts their math achievement. This relationship, unlike the one observed in the
study by Maloney et al. (2015), occurs regardless of parental help with children’s
homework.

Casad et al. (2015) reported results from two studies conducted among children
aged 11-14 years. They checked whether children’s math anxiety and parents’ math
anxiety (and the interaction between these variables and gender dyads) predict chil-
dren’s math self-efficacy, math outcomes (GPA), math behavioral intentions, math
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attitudes, and the devaluing of math as a subject of study. Many hypotheses were
tested by the authors, but the most important findings for this paper are the results
indicating the role of math anxiety in parents and children and their gender dyad
type in explaining all children’s math-related variables. The analysis of the interac-
tion model indicates that there is a relationship between the math performance of
adolescents with low math anxiety and the low math anxiety of parents (especially
in mother—daughter dyads).

Summing up the results, two studies have indicated the relationship between par-
ents’ math anxiety and that of their children (Casad et al. 2015; Soni and Kumari
2017), and two studies have failed to do so (Jameson 2014; Maloney et al. 2015).
In Soni and Kumari (2017) study, math anxiety in parents predicts children’s math
anxiety but not their math achievement. Maloney et al. (2015) observed the oppo-
site: parents’ math anxiety predicts children’s math achievement but not their math
anxiety. Casad et al. (2015) did not check the direct relationship between parents’
anxiety and that of their children, but they observed a correlation between these
variables. Jameson’s (2014) study did not confirm the relationships between paren-
tal math anxiety and children’s math anxiety or math achievement. Additionally,
all of this research highlights the importance of different factors (parents’ gender,
help with homework, and education stage) that play a role in the relationship (and
the relationship’s direction) between math anxiety in parents and math anxiety and
achievement in children.

Research results are yet to provide a definite answer to the question of the role of
parents’ math anxiety in predicting children’s math anxiety and achievement, or the
conditions in which this variable influences children’s emotions and reduces achieve-
ment. Therefore, it is not legitimate to claim that parents directly transfer their math
anxiety to their children, and thus influence their math achievement. Although previ-
ous findings have generally shown that the role of parents in shaping children’s math
anxiety and performance is important, more studies on this topic (that would take
into account such factors as gender and grade year) are definitely needed to under-
stand social factors that underlie children’s math anxiety and achievement. If math
anxiety in parents is the source of math anxiety and low mathematical achievement
in children, parents should be provided with appropriate interventions to prevent the
emergence and development of math anxiety in children. Otherwise, it is necessary
to look for other sources of math anxiety in youngest pupils.

1.3 The significance of math anxiety in teachers

Similar to family factors, the sources of children’s math anxiety and low math-
ematical achievement can also be sought in teachers. The widespread belief that
teachers’ math anxiety causes high math anxiety and low math achievement in
pupils is a result of several interrelated premises: (1) math anxiety is more wide-
spread and more intense in women than men (Drudy 2008; Hernik et al. 2014),
and the majority of teachers are women (>90% in the USA; Beilock et al. 2010;
almost 99% of early school teachers in Poland; Malinowska et al. 2014); (2) the
level of math anxiety in pre-service teachers is higher than in other groups of
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students in higher education (Hembree 1990; Szczygiet and Cipora 2016); (3)
in most countries, prospective early school teachers do not have to meet many
requirements in the field of mathematics (Malzahn 2002), which results in low
levels of mathematical knowledge and poor quality teaching methods (Beilock
et al. 2010; Harper and Daane 1998); (4) teachers with a high level of math anxi-
ety may be oriented toward immediate and observable results and, therefore, use
direct instruction more often (Harper and Daane 1998; Lorenzen 2017). This can
decrease pupils’ math achievement and increase their math anxiety (Jacobsen and
Lehrer 2000).

However, the research findings presented above do not indicate a direct relation-
ship between teachers’ math anxiety and students’ math anxiety and math outcomes.
Studies that have tested the relationship between teachers’ math anxiety and chil-
dren’s math outcomes are rare, and their results seem to undermine the hypothesis
that teachers’ math anxiety has a universal impact on the level of math achievement
in learners. What is more, probably no research to date has tested the relationship
between children’s math anxiety and that of their teachers. A summary of previous
studies on this topic is presented in Table 2.

Aslan et al. (2013) conducted a study in which they measured the math anxiety
and math-related beliefs of teachers and the mathematical achievement of pre-school
children. The results of their study indicate that math achievement is higher in those
preschoolers who are assisted by teachers with positive rather than negative beliefs
about mathematics; however, the high or low level of teachers’ math anxiety does
not reveal such differences in their learners’ math performance. The authors did not
measure children’s math anxiety in the study.

A study that confirms the belief about the role of teachers’ math anxiety in the
math achievement of early school children was conducted by Beilock et al. (2010).
The authors measured the math anxiety and math stereotypes of teachers and the
gender ability beliefs and math achievement of children. The study was conducted
in the first and second grade of elementary school. At the beginning of education,
there was no relationship between the level of math anxiety of teachers and the level
of math achievement of pupils. At the next measurement, it turned out that teach-
ers with a high level of math anxiety had transferred their stereotypical beliefs to
girls, but not to boys. The girls who believed in stereotypical gender differences in
math achievement were inferior in math performance to girls who did not believe
in this stereotype; they were also inferior to boys regardless of whether the latter
believed or not in the gender stereotype. The results of the study are consistent with
the claims of Bussey and Bandura (1984) and Perry and Bussey (1979), i.e., that
children are more likely to imitate the behavior and attitudes of adults of the same
gender. However, the study did not measure children’s math anxiety. Therefore, it
did not show whether teachers’ math anxiety affected pupils’ math anxiety.

A study conducted among older children (from first to sixth grade) and their
teachers was carried out by Hadley and Dorward (2011). The study measured math
anxiety, math teaching anxiety, and math teaching methods in teachers and math
achievement in children. It turned out that there is a relationship between teachers’
math-teaching anxiety and children’s math performance, but this correlation was
very weak (r=0.09, p <.05) and practically negligible. In the study, no relationship
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was observed between teachers’ math anxiety and pupils’ math achievement. Similar
to the studies described above, the authors did not measure children’s math anxiety.

Sasser (2010) described the results of children from the third to fifth grades and
their teachers; she analyzed the relationship between math anxiety, math teaching
anxiety, and math teaching efficacy beliefs of teachers and the math achievement of
pupils. The results indicate that only teachers’ belief about their own effectiveness
was associated with the math results of their pupils. Math anxiety in teachers did not
correlate with the performance of children. Again, the math anxiety of children was
not checked.

A study on the importance of teachers’ math anxiety in predicting ninth-grade
students’ math performance was undertaken by Ramirez et al. (2018). The research-
ers modeled the relationships between teachers’ math anxiety and teaching meth-
ods and students’ perceptions of teachers’ mindsets and math achievement. It was
shown that teachers’ math anxiety directly and indirectly (mediated by other vari-
ables) affected children’s math achievement. The researchers did not check the level
of math anxiety in pupils and its relation to teachers’ math anxiety.

Summing up, there has been little direct evidence to date showing that math anxi-
ety in teachers determines math anxiety and achievement in children. In two of the
aforementioned studies, a relationship between teachers’ math anxiety and chil-
dren’s math achievement was observed (Beilock et al. 2010; Ramirez et al. 2018),
but in the others no such relationship was confirmed (Aslan et al. 2013; Hadley and
Dorward 2011; Sasser 2010). Additionally, it is not known whether there is a rela-
tionship between teachers’ math anxiety and that of children because none of the
discussed studies tested this hypothesis. Determining whether there is a direct rela-
tionship between teachers’ math anxiety and that of children makes it possible to
verify the common belief that math anxiety in teachers influences the occurrence
and development of math anxiety in children and affects their math outcomes. If
math anxiety and achievement in children could be predicted with teachers’ math
anxiety, this means that one of the sources of math anxiety in students and their
low math achievement is teachers’ math anxiety. This could justify the application
of anxiety-reducing interventions among pre-service and early-school teachers. If
there is no relationship between teachers’ and children’s math anxiety, and teachers’
math anxiety and pupils’ math achievement, then the sources of math anxiety and
low math outcomes should be sought in other factors: social, cognitive, personality-
related, and those related to the nature of mathematics.

1.4 Present study

The main purpose of the study is to verify the hypothesis regarding the importance
of parents’ and teachers’ math anxiety in predicting the math anxiety and math
results of early school children. Previous studies included various variables that
could be relevant to explaining this relationship, but when looking at all the results,
there was not enough attention paid to the mechanisms of math anxiety formation in
early childhood. The choice of the research group is justified by the fact that early
school children are particularly prone to endorsing the behavior and beliefs of adults
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(Beilock et al. 2010). Early school children may be especially prone to endorsing
the stereotypical math and gender beliefs of parents and teachers of the same gender
(Beilock et al. 2010; Cheryan et al. 2015; Steffens et al. 2010), but relatively little
attention to date has been paid to the gender factor as a possible explanation of the
relationship between adults’ and children’s math anxiety and adults’ math anxiety
and children’s math achievement. Additionally, the type of education is one of the
important factors that may explain the role of teachers and parents in shaping chil-
dren’s math anxiety and low math achievement: teachers in early school education
are not mathematicians and much evidence suggests that their math anxiety may be
important in explaining children’s math anxiety and achievement levels. The major-
ity of parents may have difficulty helping children with math homework because
they are not educated in this area (Goodall and Johnston-Wilder 2015). Taking these
factors into account, the following questions and hypotheses were formulated:

Q1: Is parents’ and teachers’ math anxiety related to children’s math anxiety?

HI: The higher the level of math anxiety in (a) mothers, (b) fathers and (c) teach-
ers, the higher the level of math anxiety in children.

Q2: Is gender a moderator of the relationship between math anxiety in children,
parents, and teachers?

H2: Gender is a moderator between the level of math anxiety in (a) mothers, (b)
fathers, and (c) teachers and children’s math anxiety.

Q3: Is parents’ and teachers’ math anxiety related to children’s math results?

H3: The higher the level of math anxiety in (a) mothers, (b) fathers, and (c) teach-
ers, the higher the level of math achievement in pupils.

Q4: Is gender a moderator of the relationship between math anxiety in parents
and teachers and math achievement in children?

H4: Gender is a moderator between math anxiety in (a) mothers, (b) fathers, and
(c) teachers and the math performance of children.

2 Methods
2.1 Participants

The study was conducted in nine public elementary schools in Krakow (Poland)
among early school children, their parents, and teachers. The schools occupy differ-
ent positions in the ranking of schools in the city (at the top, middle, and bottom of
the scale). Two hundred and forty-one pupils took part in the research: 46 children
(23 girls) from the first grade, M,,. (range)="7 years and 3 months (6.1-8.3 years);
101 children (60 girls) from the second grade, M, (range)=8 years and 2 months
(7.1-9.3 years); 94 children (51 girls) from the third grade, M, (range)=9 years
and 4 months (8.0-11.2 years). The research was also conducted among parents
who consented to their child’s participation in the study (in several cases both par-
ents filled out the questionnaires). In total, 176 mothers and 51 fathers participated
in the study. Most families were characterized by a relatively high socio-economic
status (income, education, and occupation). Thirty early school education teachers
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(women) agreed to participate in the project. The mean duration of their teaching
experience was around 20 years and 6 months (18 years in the current position). In
Poland, there are four levels of professional advancement for a teachers (first level—
new teacher, fourth level—master grade). The teachers were high in professional
competence: seventeen teachers held the fourth and highest professional rank, nine
of them held the third, four were at the second level, and none were at the beginning
of their career path.

2.2 Materials
2.2.1 Math Anxiety Questionnaire for Adults (MAQA)

Math anxiety in adults is usually measured with the AMAS (the Abbreviated Math
Anxiety Scale; Hopko et al. 2003), MARS (the Mathematics Anxiety Rating Scale;
Richardson and Suinn 1972), MARS-R (Plake and Parker 1982), and SMARS (Alex-
ander and Martray 1989). However, these scales mostly measure math anxiety in the
school context (e.g., taking a math examination, being given a “pop” quiz in math
class, being given a difficult homework assignment that is due at the next lesson),
which seems to be an inaccurate way to measure math anxiety in adults who are no
longer learning mathematics.

To resolve these problems, a new school-independent questionnaire was created
to measure the level of math anxiety in adults. The questions were selected follow-
ing the math anxiety definition by Richardson and Suinn (1972). As a result, the
content of the questions relates to the solving of various mathematical tasks. The
first aim of the constructed questionnaire was to avoid questions about past expe-
riences related to math teachers, math classes, or math examinations; the second
objective was to check the current level of math anxiety in adults when in contact
with simple mathematical tasks. The Math Anxiety Questionnaire for Adults (the
MAQA) includes 19 simple math problems (e.g., calculating the average fuel con-
sumption of a car, calculating the surface area of a sphere) and is unidimensional.
The MAQA is presented in full in “Appendix 1”. Participants assessed their level of
math anxiety on a four-point scale: 1—I definitely do not feel anxiety, 2—I generally
do not feel anxiety, 3—I feel some anxiety, 4—I definitely feel anxiety. The indicator
of math anxiety is the average score of all items; the higher the average score, the
higher the level of math anxiety.

The validity and reliability of the scale were checked in a series of pilot studies
(N=359 adults). The MAQA correlated positively both with the AMAS (r=0.63,
p<.001; the Polish language version of the Abbreviated Math Anxiety Scale;
Cipora et al. 2015), and the SIMA (r=0.66, p <0.001; the Single-Item Math Anxi-
ety Scale; Nufiez-Pefa et al. 2014), and correlated highly negatively with math atti-
tudes (r=-0.71 to —0.75, p<.001; the Math Attitudes Scale for Adults; MASA;
paper under review). The MAQA scores are moderately correlated with trait anxi-
ety (r=0.25-0.27, p<.001) and weakly correlated with state anxiety (r=0.18-0.21,
p <.001; the State-Trait Anxiety Inventory; STAI; the Polish language version Spiel-
berger et al. 2011). The associations between the MAQA and the history of grades
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obtained at school (elementary, junior high school, and high school) and the results
of the high school-leaving examination in Polish and Mathematics (the basic and
extended level) were checked. The MAQA scores do not correlate with grades in
Polish (at all educational stages) and do not relate to the final Polish examination
(the basic or advanced level). However, the MAQA results are negatively related
to grades in Mathematics and the results of the high school-leaving examination in
Mathematics (r=-0.31 to —0.52, p<.001). Additionally, the MAQA results cor-
related negatively with math self-esteem (r=—0.57), but did not correlate with Pol-
ish language self-esteem. These data provide arguments for the specificity of the
MAQA in the measurement of math anxiety. When constructing the questionnaire,
no specific structure of its items was assumed, but exploratory and confirmatory fac-
tor analyses were carried out which confirmed the following assumption: the MAQA
is unidimensional. Summing up, the convergent and divergent validity was estab-
lished in the validation studies. The very good reliability of the scale was also con-
firmed: the internal consistency varied between «=0.91 and 0.95 in the pilot studies
and a=0.94 in the present study. The test-retest reliability calculated by Pearson’s r
was 0.85 (N=69).

2.2.2 Math Anxiety Questionnaire for Children (MAQC)

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), a new
inventory was constructed to measure children’s math anxiety. This is because the
original scales produced a number of problems during pilot studies. Children had
difficulties assessing their emotions on a four or five-point scale as well as under-
standing the instructions and questions; also, there were problems adapting the math
questions to the conditions of the Polish system of education. Taking these problems
into account, the instructions were simplified (Please, tell me) and a three-point
response scale was used (2—VYes, 1—A little, 0—No). The indicator of children’s
math anxiety is the average score of all items. The higher the score on the MAQC,
the higher the level of math anxiety (0—lack of math anxiety, 1—moderate level
of math anxiety, 2—high math anxiety). The items were transformed into a semi-
structured interview (e.g., When you are in math class and the teacher says that you
will be discussing a new topic, are you nervous?); the final version of the inventory
consisted of fourteen items (see “Appendix 2”).

The psychometric properties of the MAQC were checked in another study con-
ducted among elementary school children. The convergent validity was confirmed
by correlating the MAQC results with the mAMAS-E results (the modified Abbre-
viated Math Anxiety Scale for Elementary School Children, Szczygiet 2019; based
on the mAMAS, Carey et al. 2017): r=0.60, p<.001 (N=157). Divergent valid-
ity was satisfactory: the MAQC scores moderately, r=0.52, p<.001 (N=61), cor-
related with the RCMAS results (the Revised Children’s Manifest Anxiety Scale;
Stark and Laurent 2001; Reynolds and Richmond 1978). The test-retest reliability
of the MAQC is satisfactory but quite low, r=0.56, p<.001 (N=55). To assess
the theoretical validity in the pilot and final studies, exploratory and confirmatory
factor analyses were additionally performed and the results reveal that the scale is
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unidimensional. The MAQC’s reliability in the final study was a=0.76 for children
of both genders in all grades (first grade a=0.68, second grade a=0.75, third grade
a=0.79) and is acceptable.

2.2.3 Math achievement (MATH)

The math tasks were prepared using the core curriculum for elementary schools and
mathematical books recommended by the Polish Ministry of Education. The diffi-
culty of each task was assessed: the level of easiness was expressed by the ratio of
points actually scored by children compared to the maximum points that could be
obtained. The interpretation of this coefficient is the following: 0.00-0.19 very dif-
ficult, 0.20-0.49 difficult, 0.50-0.69 moderately difficult, 0.70-0.89 easy, 0.90-1.00
very easy (Janowicz 2017). In the present study, the average level of difficulty for
the math test was 0.77 for first grade, 0.71 for second grade, and 0.71 for third grade.
Thus, the mathematical tasks used in the study can be defined as “easy” or “moder-
ately difficult.”

The tests examined the practical application of mathematical knowledge in the
following areas: knowledge of numbers, counting, addition and subtraction, discov-
ering rules, knowledge of money, knowledge of geometric figures, reading a tape
measure (first grade); addition and subtraction, multiplication and division, reading
a tape measure, spatial orientation, discovering rules, clock reading (second grade);
addition and subtraction, multiplication and division, reading a tape measure, dis-
covering rules, clock reading, knowledge of dates and money (third grade). The
maximum score that could be obtained in the tasks in each grade was 36.

2.3 Procedure

Ethical permission was obtained from the Scientific Research Ethic Committee of
the Institute of Psychology, Jagiellonian University of Krakow. The investigation
was conducted on the school premises after prior approval from heads of schools
and pupils’ parents. The study was conducted in three groups: children from first
to third grades, their parents, and their teachers. The data from parents were col-
lected before the research among children started; measurements among teachers
were conducted in parallel with the first measurements among pupils. The second
testing session began after the first meeting with all children in the school. The data
were collected by four researchers who had previously been trained in the research
procedure.

Parents who took part in a parent—teacher conference consented to their own and
their child’s participation in the study and completed the MAQA. The same ques-
tionnaire was also completed by teachers. Teachers who filled out a consent form
to participate in the study were assured that the collected data were confidential,
and were informed that they could withdraw their consent if they wished to do so.
The present study is part of a larger research project in which individual and envi-
ronmental predictors of children’s math anxiety and achievement were tested. The
children were tested individually in two rounds. The first and second testing sessions
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took place in April-May and May—June, respectively. During the first meeting, intel-
ligence, working memory, number sense, and math anxiety were assessed; in the
second meeting, mathematical achievement was measured. The average times of
the first and second testing sessions were about 25 min (15-45 min) and 35 min
(1045 min), respectively. The average interval between the two meetings was
47 days. The time of both measurements depended on the individual pace of the
child’s work. Before the study, the children were informed about the purpose of the
meeting; they were also assured that they could withdraw from the study at any time.
The children were aware that they could ask any questions of the researcher and say
if something was not clear to them. To eliminate the impact of the children’s varying
levels of reading skills, the instructions were read aloud by the researcher.

2.4 Analysis

Firstly, descriptive statistics were presented and then two-level hierarchical linear
models were prepared in the R package: ImerTest 2.0-36 (Kuznetsova et al. 2017).
Compared to the linear regression model, hierarchical regression is a more advanced
method of data analysis and allows a more reliable estimation of clustered data. All
analyses were carried out according to the same scheme: at first, it was checked
whether it was necessary to include the random effect of the teacher or whether the
grouping of students in the grade was sufficient to provide an accurate assessment
of the relations between variables; subsequently, the appropriate model was created.
In some cases, the number of children included in the analysis was smaller than
the size of the research sample; this is because some children refused to perform
some tasks or adults provided incomplete questionnaires. The data were divided into
grade years because of different math tasks used in the study. Despite the fact that
the same number of points could be obtained in each grade, the same score had
a different meaning for first-, second- and third-grade pupils. Performing analysis
without fitting a separate regression slope for each grade year would require adding
the interactive effects of grade year. To simplify the presentation of the results, the
statistical effects for mothers, fathers, and teachers were presented separately.

3 Results
3.1 The intensity of math anxiety and math achievement scores

The descriptive statistics were calculated in the first step of analysis. Table 3 pre-
sents the number of participants, range, mean, standard deviation, skewness and kur-
tosis of math anxiety, the math achievement of children, and math anxiety in adults.
The mean level of math anxiety in elementary school children was low, and most
of the results indicated a lack or low level of math anxiety in first- to third-grade
children. In the case of adults, the greatest dispersion of results was observed among
mothers, slightly less in teachers, and the least among fathers. Mothers had either a
low or moderately high level of math anxiety (a few of them admitted to extremely
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Table 3 Descriptive statistics N
of math anxiety and math
achievement in children and

Range  Mean SD  Skewness Kurtosis

Math anxiety
adults .
Children
1st grade 46 0-1.07 0.36 0.28 0.98 0.34
2nd grade 101 0-1.43 0.33 0.29 1.54 3.16
3rd grade 94 0-1.71 0.34 0.32 1.78 4.16
Mothers 160 1-4 1.98 0.66 0.52 -0.19
Fathers 48 1-2.72 1.69 053 0.38 —-1.15
Teachers 28 1-295 2.04 0.62 -0.05 —1.43
Math achievement
Children
1st grade 46 6-35 27.75 498 -201 6.95
2nd grade 101 12.5-35 26.17 5.51 -043 -0.71
3rd grade 93 5-36 25.67 733 -0.80 0.21

Possible range of math anxiety results of children is 0-2 and of
adults is 1-4; possible range of results in math achievement is 0-36

high math anxiety). Most fathers rated their level of math anxiety as low (only a few
reported a moderate level of math anxiety). In the group of teachers, some of them
felt low math anxiety and the rest experienced a moderate level of negative emo-
tions. Summing up, most of the children and adults did not feel or experience mild
math anxiety, but some of them did feel strong or extremely strong anxiety. In the
case of mathematical tasks, the mean results and distribution indicated a relatively
high level of math achievement in the whole group.

3.2 Math anxiety in parents, teachers and children

In the next part of the analysis, it was checked whether there is a relationship
between math anxiety in mothers, fathers, teachers, and children using a two-level
hierarchical regression model (see Table 4). In the first step of the analysis, models
that included the fixed effect of mothers’ and fathers’ math anxiety on children’s
math anxiety were tested. In these cases, only the grouping of students in classes
was controlled, and the random effect of the teacher was not assessed. To check the
analogous relationship between teachers’ and children’s math anxiety levels, the
model additionally included the random effect of teachers (class effects).

First, it was checked whether children’s math anxiety could be predicted by the
math anxiety of their mothers. The results of the analysis revealed no relationship
between math anxiety in mothers and math anxiety in learners. Thus, H1(a) was not
confirmed. Nevertheless, hypothesis H1(b), which predicts a relationship between
math anxiety in fathers and math anxiety in pupils, was partially confirmed. With a
one-point increase in fathers’ math anxiety, the level of math anxiety in first grad-
ers increased by 0.31 points (p <0.05), but no such relationship was observed in
other grades. Finally, it was checked whether there is a relationship between the
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Table 4 Math anxiety in adults and math anxiety in children

Mothers Fathers Teachers
Estimation SD Estimation SD Estimation SD
Fixed effects
Ist grade 0.53%* 0.19 -0.22 0.21 -0.05 0.34
2nd grade 0.39%3#:* 0.11 0.61%* 0.19 0.28 0.12
3rd grade 0.24 0.13 0.17 0.23 0.19 0.13
MAQC 1st grade -0.10 0.09 0.31* 0.12 0.16 0.14
MAQC 2nd grade —0.03 0.05 —-0.18 0.11 0.03 0.05
MAQC 3rd grade 0.06 0.06 0.12 0.13 0.07 0.06
Variance SD Variance SD Variance SD
Random effects
Variance of class 0 0 0 0 0 0
effects
Residual 0.10 0.32 0.06 0.25 0.09 0.30
Model summary
REML 99.6 15.3 117
N Children 160 43 223
N Class 31 25 28

wxxp < 001; #4p < 01; %p<.05

Dependent variable: children’s math anxiety (MAQC), independent variable: adults’ math anxiety
(MAQA)

math anxiety of teachers and that of their students; however, this correlation was not
observed, which undermines the validity of H1(c).

In the next step of the analysis, it was checked whether the gender of the children
moderated the relationship between the math anxiety of mothers, fathers, and teach-
ers and that of children (see Table 5).

The moderating role of children’s gender in the relation between mothers’,
teachers’ and children’s math anxiety was not confirmed, which disproves hypoth-
eses H2(a) and H2(c). However, hypothesis H2(b), which concerns the relationship
between fathers’ and children’s math anxiety, was partially confirmed. This rela-
tionship is moderated by the gender of children, but only in the third grade. It was
observed that a one-point increase in the level of math anxiety of fathers is related to
a one-point increase in the math anxiety level of girls (p <.05), but this relationship
was not observed for boys. The summary of results on the math anxiety of adults
and math anxiety of children is presented in Fig. 1.

3.3 Math anxiety in parents and teachers and math achievement in children
To test the influence of parents’ and teachers’ math anxiety on children’s math achieve-

ment, a two-level hierarchical regression model was again used. Math achievement
scores were standardized to achieve a better model fit to the data. In the first step of the
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Table 5 Gender moderation in children’s and adults’ relationships of math anxiety

Mothers Fathers Teachers
Estimation SD Estimation SD Estimation SD
Fixed effects
Ist grade 0.57* 0.24 0.09 0.28 0.37 0.60
2nd grade 0.06 0.22 0.61* 0.22 0.16 0.18
3rd grade 0.30 0.20 043 0.40 0.19 0.17
MAQC X gender (1st grade) 0.01 0.18 0.37 0.23 0.26 0.31
MAQC X gender (2nd grade) -0.17 0.12 -0.03 0.20 —0.06 0.11
MAQC X gender (3rd grade) 0.10 0.13 1.00%* 0.35 0.03 0.12
Variance SD Variance SD Variance SD
Random effects
Variance of class effects 0 0 0 0 0 0
Residual 0.10 0.31 0.05 0.23 0.09 0.30
Model summary
REML 106.7 11.9 129.3
N Children 160 48 223
N Class 31 25 28

*p <.01; *p<.05

Dependent variable: children’s math anxiety (MAQC), independent variable: adults’ math anxiety
(MAQA)

Fathers’ MA 1%-grade children’s and 3"-grade girls’ MA

Fig.1 Summary of adults’ and children’s math anxiety relationships, MA math anxiety

analysis, the impact of mothers, fathers and teachers on the math achievement of chil-
dren was examined (see Table 6). All tested models assumed fixed effects of adults’
math anxiety and possible differences in the effect of adults’ math anxiety on the math
achievement of pupils (these differences result from differences between teachers).
Thus, the tested models also included the random effect of teachers (class effects).
First, the significance of mothers’ math anxiety for predicting the math achieve-
ment of children was checked. The results showed that a one-point increase in the
level of math anxiety in mothers is related to a decrease in the level of children’s
math performance of 0.41 SD (p <.05) in the third grade, which partially confirms
H3(a). No relationships were observed among mothers and first and second grad-
ers. Next, the hypothesis that the math achievement of children would decline as
a result of an increase in fathers’ math anxiety was tested, but no significant rela-
tionships were discovered in any of the grades; therefore, H3(b) was not confirmed.
However, the importance of teachers for predicting the math achievement of chil-
dren was observed when the relationship between math anxiety in teachers and the
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Table 6 Math anxiety in adults and math achievement of children

Mothers Fathers Teachers
Estimation SD Estimation SD Estimation SD
Fixed effects
Ist grade 0.17 0.57 0.12 0.66 0.73 1.38
2nd grade -0.36 0.35 0.72 0.60 0.19 0.55
3rd grade 0.72¢ 0.41 —-0.42 0.74 1.25% 0.62
MATH 1st grade 0.02 0.28 0.12 0.39 -0.28 0.60
MATH 2nd grade 0.18 0.18 —0.41 0.36 —0.11 0.29
MATH 3rd grade —0.41%* 0.21 0.53 0.43 —0.62* 0.31
Variance SD Variance SD Variance SD
Random effects
Variance of class 0.03 0.18 0.04 0.21 0.05 0.22
effects
Residual 0.83 0.91 0.54 0.74 0.77 0.88
Model summary
REML 438.5 113.5 601.2
N Children 158 48 222
N Class 31 25 28

Dependent variable: children’s math achievement (MATH), independent variable: adults’ math anxiety
(MAQA)

*p<.05; ‘p<.1

math performance of third graders was examined. A one-point increase in teachers’
math anxiety was associated with a decrease in the level of math results by 0.62 SD
(p <.05) in third graders, but not in first or second graders. Thus, hypothesis H3(c)
was partially confirmed.

The hypothesis on the role of gender moderation in predicting the impact of math
anxiety in parents and teachers on children’s results was tested; however, no such
relationship was observed in any case. Therefore, hypotheses H4 (a—c) were not con-
firmed (see Table 7, “Appendix 3”). The summary of the results for math anxiety in
adults and math achievement in children is presented in Fig. 2.

In conclusion, elementary school children experienced a low level of math
anxiety; however, adults had a greater variability of math anxiety and generally
reported it in low or moderate levels. Only some of the hypotheses concerning the
relationship between adults’ math anxiety and children’s math anxiety and math

Mothers’ MA
> 3"._grade children’s MATH
Teachers’ MA

Fig.2 Summary of adults’ and children’s math anxiety relationships, MA math anxiety, MATH math
achievement
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achievement were confirmed. Math anxiety in fathers was associated with math
anxiety in first graders and third-grade girls, but it did not predict children’s math
achievement. The math performance of third graders, but not first and second grad-
ers, can be predicted by the math anxiety of mothers and teachers, but not fathers.

4 Discussion
4.1 Adults’math anxiety as a predictor of math anxiety in children

The study shows that math anxiety in mothers and teachers was not associated with
that of children, while an increase in the level of math anxiety in fathers was mod-
erately associated with an increase in math anxiety in first graders. The moderating
effect of gender in the math anxiety of adults and children was observed only in
third graders and fathers. An increase in the math anxiety of fathers is related to
an increase in the math anxiety of girls, but no effect was observed for boys. This
relationship can be described as strong. The obtained results are only partially in
accordance with the outcomes of Casad et al. (2015) and Soni and Kumari (2017),
who underlined the role of parents in predicting children’s math anxiety.

It is interesting to ask why the math anxiety of fathers is associated with the math anxi-
ety of children only in first- and third-grade girls, but not in second grade. This irregular
relation pattern can be most reliably explained by the size of the group in which analy-
sis was carried out: no more than twenty dyads were used to assess the relationship in
each grade year. The obtained results should therefore be treated as a starting point for
further research: in order to determine whether fathers’ math anxiety is a source of chil-
dren’s math anxiety, it is necessary to conduct a study in a larger group of dyads. How-
ever, these are interesting results because, to date, neither theoretical models nor empiri-
cal studies have indicated fathers as a potential source of children’s math anxiety. Among
the environmental causes of math anxiety, the anxiety of early-school female teachers
(Beilock et al. 2010) or mothers (Casad et al. 2015; Maloney et al. 2015) have been men-
tioned more often as a possible risk factor. The mechanism of math anxiety described by
researchers assumes that women, especially early school teachers, feel strong math anxi-
ety, which in turn may trigger math anxiety in students, mainly girls (Beilock et al. 2010).

In this study, the hypothesis about the importance of math anxiety in mothers and
teachers in predicting children’s math anxiety was not confirmed: neither when direct
dependence was checked, nor when the effect of interaction with gender was taken into
account. It is possible that the low level and variance of math anxiety in children and
the low to medium level and variance of math anxiety in mothers and teachers are some
of the reasons for the lack of a relationship between children’s and mothers’ math anxi-
ety. Summing up, mothers and teachers do not transfer their math anxiety to children
because their level of math anxiety is not very strong. Additionally, children from first
to third grade experience weak math anxiety, so even if they generally do not feel math
anxiety, it is difficult to diagnose factors that affect its level. Although early school chil-
dren feel a certain level of math anxiety, this can be partly explained by pupils’ general
anxiety (Carey et al. 2017; Ganley and McGraw 2016). However, the lack of a relation-
ship between mothers’, teachers’ and children’s math anxiety undermines the common
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belief that teachers “infect” children with math anxiety (Burton 1979). Perhaps moth-
ers’ and teachers’ math anxiety is important in the emergence of children’s math anxi-
ety, but this relationship is mediated by other variables, e.g., mathematical knowledge
(Malzahn 2002), teaching methods (Hadley and Dorward 2011; Lorenzen 2017), ste-
reotypical beliefs (Beilock et al. 2010; Jackson 2008), math homework help (Maloney
et al. 2015), and involvement in education (Phillipson and Phillipson 2007).

In conclusion, the study mostly negatively verified the hypothesis that adults transfer
their math anxiety to children. These results suggest that the mechanism of the emer-
gence and development of children’s math anxiety is complex. The results obtained
among fathers should be treated with caution due to the small number of observations;
however, the outcomes suggest that the relationship is not direct: gender and grade year
are important factors that moderate this relationship. The obtained results also showed
that early school children have low math anxiety levels (some students already feel
intense math anxiety at the beginning of school, but this is a rare phenomenon), so the
explanation of small differences in their math anxiety levels requires sensitive and reli-
able measures of both predictors of math anxiety and math anxiety itself. When looking
for sources of math anxiety, one should also take into account other more general fac-
tors that may be significant: cognitive (number sense, Lindskog et al. 2017), emotional
(general anxiety and test anxiety, Carey et al. 2017; Ganley and McGraw 2016), per-
sonality related (math self-esteem, math self-efficacy, Jameson 2014), social (parental
involvement in children’s education; Vukovic et al. 2013b; math-related beliefs of par-
ents and teachers, Beilock et al. 2010; Bhanot and Jovanovic 2005), and mathematical
(level of task difficulty, Maloney and Beilock 2012; Mason 1988).

4.2 Adults’ math anxiety as a predictor of children’s math achievement

The results indicate that math anxiety in mothers and teachers (but not fathers) directly
predicts the math achievement of third-grade learners (but not first and second grade).
The obtained results are partially in line with previous studies that revealed an inter-
action relationship between parents’ math anxiety and children’s math achievement
(Casad et al. 2015; Maloney et al. 2015). Even stronger than in the mothers—children
dyad, a direct relationship was also observed among teachers, which is in contrast with
previous research that found a mediation relationship only (Beilock et al. 2010; Ram-
irez et al. 2018). However, it should be emphasized that although the math anxiety
of mothers and teachers is directly related with children’s math anxiety, such results
appear only among pupils at the end of early school education. It seems, therefore, that
the grade year should necessarily be included in the model in order to better estimate
the effect of parents’ and teachers’ math anxiety on children’s math achievement. To
date, research has been conducted throughout various grade years (Aslan et al. 2013;
Beilock et al. 2010; Casad et al. 2015; Hadley and Dorward 2011; Jameson 2014;
Maloney et al. 2015; Ramirez et al. 2018; Sasser 2010; Soni and Kumari 2017), hence
this variable may be one of the key factors that is crucial to understanding why previ-
ous research results differ from each other so much.

It is possible that math anxiety in teachers and mothers predicts the results of third
graders, but not first and second graders, due to the increased difficulty of the math
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curriculum. Teachers and parents do not need to acquire expert knowledge and skills
in mathematics to explain math problems to children starting school. However, in older
grades, the curriculum is more complex, and problems are more advanced, which could
be a challenge for non-math specialists. This is not to say that teachers or mothers do
not have the capability to understand and master math problems, but rather they avoid
conversations related to math, do not instigate math discussions, do not motivate chil-
dren to seek their own solutions to tasks, are reluctant to analyze learners’ unusual and
creative math ideas, and have problems relating math tasks to everyday life (Goodall and
Johnston-Wilder 2015). Hence, students learn ineffective strategies of coping with math
problems, which in turn influences the level of their math achievement.

In the final evaluation of the model of the relationship between adults’ math anxiety
and children’s math achievement, factors that explain the learning of behaviors should also
be considered. It is possible that the math anxiety of adults affects children’s achievement
through the mechanism of modeling beliefs and behaviors (Bussey and Bandura 1984;
Perry and Bussey 1979). In their study, Dotti Sani and Treas (2016) demonstrated that
mothers spend more time helping children with their homework than fathers, which can
be crucial in understanding why mothers’ but not fathers’ math anxiety predicts pupils’
math achievement. Women have a higher level of anxiety than men (Drudy 2008; Hem-
bree 1990; Hernik et al. 2014), and, according to Jackson (2008), a highly math-anxious
person can cause children’s low math achievement due to the beliefs they present about
learning math: the belief in needing special mathematical abilities to be able to learn
math, the conviction that there is only one set of correct ways to solve math problems,
the belief that even working hard does not guarantee success in the field of math, and the
conviction that math is useless. All these beliefs lead to the conviction that it makes no
sense to take the trouble to learn math. In older grades, pupils can understand these types
of beliefs and accept them whilst observing their own progress, successes, and failures.

In conclusion, the hypothesis regarding the prediction of pupils’ math achievement
based on adults’ math anxiety was partially confirmed. The results of the study revealed
the importance of math anxiety in mothers and teachers but only in predicting the math
outcomes of children at the end of early school education. The results suggest that the
gender of teacher and parents as well as grade year should be included in future studies
that test the importance of social factors in explaining the level of math achievement in
pupils. The study partially reveals the role of parents’ and teachers’ math anxiety. There-
fore, one should also consider how to reduce this anxiety in a group of people teaching
math at home or at school. Howeyver, it should be remembered that adults’ math anxiety
is a rather domain-specific predictor of students’ math achievement and more general
factors like teaching methods (Hadley and Dorward 2011; Lorenzen 2017) or parental
involvement (Phillipson and Phillipson 2007; Vukovic et al. 2013b) may have a greater
and more universal significance in explaining differences in students’ math achievement.

4.3 Limitations and further research perspectives

The results require not only theoretical but also methodological and statistical dis-
cussion. It is also necessary to indicate paths for further investigations. The first
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problem concerns the number of participants in the study, especially the number of
fathers. The results of the study show a significant role of fathers’ math anxiety in
predicting math anxiety in children, which is why it is important to conduct this type
of study among a larger group of men. For practical reasons, it may be difficult to
get both parents involved in the study. That said, the research results obtained so far
offer important implications for undertaking this effort. It should also be emphasized
that the study was attended by those learners who obtained consent to participate
from their parents, so not all students from a given class were examined. The group
of teachers was also small and consisted of women, but this is typical of studies car-
ried out in schools (Beilock et al. 2010; Malinowska et al. 2014). It is important to
note that not all teachers agreed to complete all questionnaires. The measurement of
math anxiety can threaten the self-esteem of teachers and thus affect research results.

The second problem concerns the statistical methods used by researchers to ana-
lyze clustered data within classes and schools. Due to the clustering of students in
classes and the dependence of their school results on factors related to the teacher,
the best method for estimating the relations between variables is multi-level hier-
archical regression analysis (Casad et al. 2015; Kuznetsova et al. 2017). However,
this type of analysis makes it impossible to identify the direction of the relationship
between variables. This analysis also requires a large number of observations.

The next problem to consider in the future is the type of math anxiety measurement.
Many questionnaires have been developed to measure math anxiety in both adults and
young children, and many of them are a modification of scales intended for testing
school children or adolescents and measuring different types of math anxiety. Thus, a
theoretical question arises about the theoretical validity of math anxiety measurements
in the school context among adults who recently finished math education and the ade-
quacy of measuring youngest children using self-report scales. It is possible that the
relationship between the math anxiety of adults and children and the achievement of
learners is dependent on the component of math anxiety, but so far data on the subject
have been insufficient and fail to go beyond hypothetical considerations.

Finally, an important factor which should be considered in future research is the
cultural context. Most of the studies on children’s and adults’ math anxiety and math
achievement relationships were conducted in the USA. The significance of the speci-
ficity of the education system in different countries should be taken into account when
generalizing research observations. Countries differ not only in the curriculum of
mathematics in early school education, but also in the age at which school education
begins, teaching objectives, and requirements for early childhood education teach-
ers. Therefore, obtaining an answer about the universality of the relationship between
the math anxiety of parents, teachers, and children and children’s math achievement
requires more research in different cultural, social, and political contexts.

4.4 Practical implementation
The problem of the intensity and prevalence of math anxiety is considered so important

that in 2008 the United States’ National Mathematics Advisory Panel recommended the
development of effective interventions to counteract the emergence and development of
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math anxiety (U.S. Department of Education 2008). Hence, the question of whether
math anxiety in parents and teachers predicts the level of children’s math anxiety and
their achievement is important not only for theoretical but also practical reasons. It is
widely believed that math anxiety in teachers and parents has a negative impact on
the math anxiety and achievement of children. Therefore, appropriate interventions to
reduce this anxiety have been tested (e.g., Berkowitz et al. 2015). This study does not
provide conclusive evidence that math anxiety in parents and teachers predicts the math
anxiety and achievement of early school children in a universal and direct way, but the
results do confirm the importance of pupils’ grade year and the gender of both children
and parents as important factors that explain the relationship between tested variables.
Thus, the study partially revealed the importance of applying appropriate interventions
for reducing parents’ and teachers’ math anxiety. What if parents do feel math anxi-
ety? One easy solution is to use math applications to help children learn mathematics.
Highly math-anxious parents could use an app to obtain adequate help without reveal-
ing their negative emotions in relation to mathematics (Berkowitz et al. 2015). Gov-
ernments should also run social campaigns promoting the development of children’s
math skills through parent—child math talk and math games from the earliest years of
children’s lives.

It should be noted that there are probably many intermediary factors that affect the
existence of this relationship, i.e., between adults’ math anxiety and children’s math
anxiety and math achievement. Therefore, these factors should also be examined when
planning interventions aimed at reducing children’s math anxiety and developing their
math achievement. Although many studies indicate the role of parents’ involvement in
children’s math achievement (Gunderson and Levine 2011; Levine et al. 2010; Vuko-
vic et al. 2013b), many parents believe that their role in shaping the math outcomes of
their children is very small compared to the responsibility of the school (Cannon and
Ginsburg 2008; Maloney et al. 2015). Making parents more aware of the fact that they
primarily influence attitudes toward math and math achievement may increase the level
of children’s achievement and make their math experience more positive.

In the present study, teachers were characterized by a low to medium level of math
anxiety, but it should be remembered that this was enough to affect the math achieve-
ment of third graders. The role of teachers’ math-related emotions and attitudes
should also be taken into consideration because their feelings toward math are closely
related to their beliefs and teaching practices (Minarni et al. 2018). The problem of
high levels of math anxiety is common in many countries (Hembree 1990; Szczygiet
and Cipora 2016), so it is important to implement appropriate solutions when recruit-
ing university students and to carry out proper interventions to reduce math anxiety
during university studies. One effective method of reducing math anxiety in future
teachers, although somewhat controversial, is to teach them teaching methods, not
mathematical content (Harper and Daane 1998; Took and Lindstrom 1998). Cogni-
tive-behavioral methods which can be recommended for pre-service and practicing
teachers include the reinterpretation of physiological arousal (Jamieson et al. 2010),
expressive writing (Park et al. 2014), and mindfulness training (Brunyé et al. 2013).
Teacher’s math anxiety may affect children’s math outcomes. For this reason, teach-
ers’ mathematical knowledge, beliefs about the nature of mathematics, math—gender
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stereotypes, math self-efficacy, and math self-esteem should also be taken into
account when preparing teachers for teaching practice.

5 Conclusion

Despite the widespread belief that math anxiety in parents and teachers affects the math
anxiety and achievement of children, the results of this study did not provide conclu-
sive evidence to support this thesis. Particularly questionable is the hypothesis about
the transfer of adults’ math anxiety to children. The results generally show that math
anxiety in parents and teachers does not always transfer to children. The father—children
math anxiety relationship needs more investigations that include different grade years
and gender dyads to understand the nature of this link. More reliable evidence was
gathered for the thesis about the importance of adults’ math anxiety in predicting the
math achievement of children. Math anxiety in adults predicts the math achievement of
children if the gender of the adults and children’s grade year are considered.

The results of the study are an argument for the thesis that the formation mecha-
nism of math anxiety and math achievement is complex and cannot be reduced to a
simple transfer of math anxiety from adults to children. The observed role of adults’
math anxiety in predicting the math achievement of children, despite the fact that
it depends on the children’s grade year and parents’ gender, seems to be consist-
ent with current knowledge about the ways with which children model the educa-
tional behavior of their significant adults (parents and teachers). The observed effect
suggests that at the end of early school education children’s results depend on the
level of math anxiety evident in their mothers and teachers; nevertheless, it is likely
that this effect is a result of more general mathematical and social factors associated
with math anxiety. Future studies on sources of math anxiety and predictors of math
achievement should include gender, grade year, math anxiety of teachers, parents
and children, as well as cognitive, social, personality- and math-related factors not
included in the present study.
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Appendix 1: The Math Anxiety Questionnaire for Adults (MAQA)

Instruction: Below there is a list of problems related to mathematics. Imagine that you are in a situation in
which it is necessary to solve the following problems and determine if you are anxious in these situations
by marking the answers as follows: 1—I definitely do not feel anxiety, 2—I generally do not feel anxiety,
3—1 feel some anxiety, 4—I definitely feel anxiety

1—definitely not
2—agenerally not
3—generally yes
4—definitely yes

Calculation of the average level of fuel consumption of a car 1 234

2 Calculation of the amount money that should be deposited every month to save 1234
13,500 PLN within 3 years

3 Determine whether the given definition of the number = is true: the ratio of the 1234

circumference of a circle to its diameter

4 Calculation of how many square meters of bathroom tiles should be purchased 1234
5 The answer to the question of whether a prism can have 37 vertices 1234
6  Give an example of a sequence of natural numbers 1234
7 Calculation of the surface area of a sphere 1234
8 The answer to the question, in how many ways can 6 people be seated at a table 1234
9 Finding who is the tallest if Tom is taller than Jane, Tom is shorter than Peter, Peter 1 23 4
is taller than Monica, and Monica and Jane are the same height

10 Presentation of the geometrical interpretation of the equations y=—X, y=x+2 1 23

11 Calculation of 12% less than 215 1234
12 Calculation of the length of a route based on knowledge of the traveled time and 123

average speed
13 Giving an example of the practical application of trigonometric functions
14 Indication of the number of bisectors in a triangle
15  Calculation of average monthly earnings in the case of a 5% increase
16  Indication of the prime number among the numbers 276, 277, 278, 279, 280
17  Determining the probability that today is Wednesday
18  Dividing the number 10,179 by 13.5 without using a calculator

19 Calculation of the sum 2396% + 6725
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e

Appendix 2: The Math Anxiety Questionnaire for Children (MAQC)

Instruction: I 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 Alittle No
2 Do you like being asked questions during math classes? Yes Alittle No
3 Do you like to speak about mathematics? Yes Alittle No
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4 Are you nervous when you ask questions about mathematics? Yes Alittle No

5 Are you nervous at the thought of making a mistake when solving tasks? Yes Alittle 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 Yes Alittle No
new topic, are you nervous?

8  When you do your homework in mathematics, are you nervous? Yes Alittle No

9  When you start to solve a difficult task, are you nervous? Yes Alittle No

10 When you solve a task on the blackboard during a math class, do you get Yes Alittle No
stressed?

11 When the teacher explains how to solve a math problem, are you nervous? Yes Alittle No

12 When you have to ask your teacher for help because you do not know how to Yes Alittle No
solve a task, are you nervous?

13 Are you nervous when the teacher gives you a lot of addition tasks? Yes Alittle No

14 Are you nervous when the teacher gives you a lot of subtraction tasks? Yes Alittle No

Items 1-3 are reversed. The MAQC is also available in a revised 12-item version (the last two items have
been removed to make the scale universal for a broader age group of children; Szczygiet 2019)

Appendix 3: Additional analysis results

See Table 7.

Table 7 Gender moderation in math anxiety of adults and math achievement of children

Mothers Fathers Teachers
Estimation SD Estimation SD Estimation SD
Fixed effects
Ist grade 0.37 0.79 1.29 0.99 4.49 4.79
2nd grade 0.12 0.62 0.30 0.79 -0.87 1.96
3rd grade 0.66 0.60 0.64 1.41 0.32 1.46
MATH x gender (1st grade) 0.21 0.53 1.14 0.80 -0.99 247
MATH X gender (2nd grade) 0.18 0.35 —-0.34 0.70 0.35 0.54
MATH x gender (3rd grade) -0.13 0.38 -0.63 1.23 -0.53 0.48
Variance SD Variance SD Variance SD
Random effects
Variance of class effects 0.95 0.97 0 0 0.03 0.17
Residual 0.73 0.85 0.65 0.80 0.77 0.88
Model summary
REML 422.1 102.1 594.9
N Children 158 48 222
N Class 31 25 29

Dependent variable: children’s math achievement (MATH), independent variable: adults’ math anxiety
(MAQA)

wkp < 001; #¥p <.01; *p<.05
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