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The relation of various math attitudes to math achievement has been extensively studied in ad-
olescents and adults. Recently, researchers have begun to examine the math attitude-math
achievement relation in young children. We review theories and research on four attitudes
relevant to early math learning—math anxiety, math self-concept, mindset, and math-gender
stereotype. These attitudes emerge and are related to math achievement by early elementary
school. Our review suggests that early math achievement plays an important role in the initial
development of either positive or negative math attitudes, which in turn, may initiate a vicious or
virtuous cycle that can enhance or undermine math learning. Additionally, gender differences in
math attitudes (favoring boys) emerge by early to mid-elementary school. An important future
direction involves understanding how early attitudes about math relate to each other, and
whether certain constellations of attitudes are prevalent. We also consider three types of math
attitudes that key socializers—parents and teachers—hold: general (math-gender stereotypes and
mindsets), self-relevant (math anxiety), and child-specific (expectations and value of math for
their child or student). Our review highlights a link between key socializers’ math attitudes and
associated behaviors, and their children’s math attitudes and math achievement. Based on these
findings, we propose the Early Math Achievement-Attitude model (EMAA). An important future
direction involves increasing our understanding of how key socializers with different math atti-
tude constellations engage with children around math. Finally, based on our review of these
topics as well as intervention studies, we discuss intervention approaches that hold promise for
improving young children’s math achievement and math attitudes.

Introduction

Mathematical skills and course-taking are important predictors of life outcomes, including health and earnings (Murnane et al.,
1995; Rose & Betts, 2004; National Mathematics Advisory Panel, 2008; Reyna & Brainerd, 2007). Nonetheless, mathematics (referred
to as math) is a polarizing discipline, with some individuals identifying and others disidentifying as “math people”. Many people fall
into the latter group, and the roots of this disidentification can start early in life. Moreover, this disidentification is not evenly
distributed across social groups, including gender groups. Women have more negative math attitudes than men, are stereotyped to
have low math ability, and are underrepresented in science, technology, engineering, and math (STEM) fields, particularly physical
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sciences, engineering and computer science (Blickenstaff, 2005; OECD, 2006, 2012, 2017; Stoet & Geary, 2018). This gender gap in
math and STEM participation not only raises important issues about equity in access to STEM careers, but also decreases the size of the
STEM workforce and curtails innovations that benefit from diverse points of view.

While many researchers argue that the underrepresentation of women in STEM careers is due to gender differences in math ability,
there are multiple indications that the gender difference in math achievement may be at least partly due to other factors. Notably, the
gender difference in math achievement is small, variable with respect to time and place, and not present at early ages. In terms of time
variability, the male advantage is smaller in recent cohorts (J.R. Cimpian et al., 2016; Else-Quest et al., 2010; Hyde, Fennema, &
Lamon,1990; Hyde, 2005; Hyde & Mertz, 2009; Miller & Halpern, 2014; Wai et al., 2010). With respect to place variability, the
magnitude of gender differences on standardized math test scores differs widely across different countries (Else-Quest et al., 2010),
perhaps due to differences in gender equity, although there is disagreement about whether more equitable countries have a smaller or a
larger male advantage (Guiso et al., 2008; Hamamura, 2012; Stoet & Geary, 2013; Stoet et al., 2016).

Further, even though some studies report more males than females in the upper tail of the distribution (e.g., Stoet & Geary, 2013;
Wai et al., 2010), this may not reflect an immutable difference in math ability but rather may reflect gender differences in math
attitudes and associated experiences, which favor males. In addition, girls tend to earn higher grades in math courses throughout
schooling, and grades may be more or equally predictive of important outcomes such as college completion than test scores
(Allensworth & Clark, 2020; J.R. Cimpian et al., 2016; Duckworth & Seligman, 2006; Felson & Trudeau, 1991; Jordan et al., 2006;
Miller & Halpern, 2014; Pomerantz et al., 2002; Stoet & Geary, 2013).

Finally, in terms of development, there is no indication that math test scores or math-related neural activity differs between young
boys and girls, suggesting that later gender differences in math test scores may emerge due to factors other than a gender difference in
math ability (Hyde et al., 2008; Kersey et al., 2018; 2019; Spelke, 2005). Even though there is evidence of an early-emerging gender-
related difference in spatial skill, which is related to differences in math achievement, disparities in spatially relevant experiences may
contribute to this difference (see Herts & Levine, 2020; Levine et al., 2016 for review; Mix et al., 2016).

In light of these findings, our review examines the possibility that gender differences in early emerging beliefs, feelings, and
motivations about math (referred to as “math attitudes” for simplicity sake) may contribute to females’ lower math achievement
outcomes, which are likely linked to lower participation in STEM fields. There is evidence that these attitudes are more negative in
females than males. Importantly, math attitude gender differences emerges early in development and could play a role in establishing a
virtuous or vicious math attitude * math achievement cycle (Gunderson, Park, et al., 2018).

We examine the largely separate literatures on the development of four math attitudes that have been linked to math achievement
as well as to important math choices and behaviors. We begin by reviewing research on the development of math anxiety and math
self-concept, two self-relevant math attitudes that reflect how individuals think and feel about their own relation to math. We then turn
to mindset about math ability and motivational framework (the broader motivations and behaviors associated with mindset) as well as
to math-gender stereotypes, both of which are more general attitudes about math ability—whether it is a fixed endowment or
malleable, and whether it is higher in males than females. For each of the math attitudes we review, we consider research examining a)
when the attitude emerges and when it begins to relate to math achievement, math choices, and math-related behaviors, b) when
gender differences in the attitude emerge, and whether the relation of math attitudes to math outcomes relation differs for boys and
girls c¢) how key socializers contribute to the development of the attitude and its relation to math achievement and other math out-
comes in boys and girls, and d) interventions that hold promise for improving the attitude and math outcomes. In addition, throughout
our review, we strive to integrate findings from these literatures

Informed by findings discussed in our review, we propose the Early Math Achievement-Attitude model (EMAA model, see Fig. 1),
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Fig. 1. Early Math Achievement-Attitude model (EMAA model): This model focuses on the early emergence of math achievement and math atti-
tudes, and the relation between the two, and includes the role of key socializers’ math attitudes and math engagement with children. For bidi-
rectional relations, the earlier emerging relation is shown with a solid line and the later emerging relation is shown with a dotted line. A line with no
arrows indicates that the direction of that relation is unclear. Note that future research may reveal additional relations.
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which is unique in its focus on the emergence and development of math achievement * math attitude relations in young children. As
shown on the left side of the figure, the model proposes that key socializers’ math attitudes influence their math-relevant behaviors,
including their engagement of children in math achievement-related experiences. These experiences, in turn, play a role in children’s
math learning and achievement. In addition, as shown in the model, when key socializers are supported in ways that help them engage
in math with their children, this improves their child-specific math attitudes. As shown on the right side of the figure, children’s math
achievement first influences their math attitudes, with the link between achievement and attitudes becoming bidirectional as children
develop. In addition, certain math attitudes are foundational to other math attitudes, serving as “hub” math attitudes.

With respect to gender differences, by early to mid-elementary school, boys have more positive math attitudes than girls. Further,
key socializers—parents and teachers—contribute to these gender differences. Finally, although there has been little work focused on
improving early math attitudes, we discuss intervention approaches that hold promise for fostering positive math attitudes and
improving math achievement in young children. Against this backdrop, we highlight research directions that we believe could advance
our understanding of the factors that contribute to the development of robust math learning and positive math attitudes, beginning as
early as the preschool years.

Math anxiety

Math anxiety is a fear or nervousness that many people experience when they are doing or are even anticipating doing math
(Hembree, 1990; Lyons & Beilock, 2012; Richardson & Suinn, 1972; Young et al., 2012). Math anxiety interferes with adults’ ability to
solve math problems in daily life and in academic situations (Ashcraft, 2002; Beilock et al., 2017; Hembree, 1990; Richardson & Suinn,
1972). It is thought to include a cognitive component that involves worrying about performance and about doing well in math, and an
affective component that involves emotions of nervousness and tension (Wigfield & Meece, 1988).

Researchers have distinguished between the cognitive and affective components of math anxiety, and more recently between a
math learning component (i.e., anxiety about being in a math learning situation) and a math evaluation component (i.e., anxiety about
taking math assessments; Namkung et al., 2019; Barroso et al., 2020). However, it is possible that these components overlap, such that
there may be both an affective component and a cognitive component in math learning situations as well as in math assessment
situations. Some studies of children have examined only one of these components of math anxiety, while others have examined both
the cognitive and affective components, both the math learning and math evaluation components, or components that do not fit these
categories (Barroso et al., 2020; Namkung et al., 2019). Importantly, meta-analyses find that regardless of the component of math
anxiety assessed, the pattern remains the same: higher math anxiety is associated with lower math achievement (Barroso et al., 2020;
Namkung et al., 2019).

Whether different components of math anxiety develop along different trajectories is an open question. For example, it is possible
that anxiety about learning math develops first, and then influences anxiety about being evaluated in math. Increasing our under-
standing of the development of different aspects of math anxiety would inform whether early interventions should focus on the
cognitive or affective component of math anxiety, or both.

The negative relation between math anxiety and math achievement has been extensively studied in adolescents and adults
(Hembree, 1990; Ma, 1999). In adults, math anxiety is distinct from other types of anxiety such as test and general anxiety, is more
strongly related to math achievement than these other anxieties, and is more predictive of math achievement than of IQ or verbal
achievement (Dew & Galassi, 1983; Hembree, 1990; Malanchini et al., 2017). Additionally, the brain activity of adults with high math
anxiety differs in ways that suggest this anxiety is specific to math. Notably, functional brain imaging studies show that adults with
high math anxiety have greater activity in brain regions associated with experiencing pain when they anticipate doing math activities
but not when they anticipate doing reading activities (Lyons & Beilock, 2012).

The negative relation between math anxiety and math achievement exists across the globe, as indicated by data from the Program
for International School Assessment (PISA), which assesses academic achievement of 15-year-olds (Foley et al., 2017; J. Lee, 2009). In
general, students in higher achieving countries have lower levels of math anxiety. However, students in Asian countries have higher
math anxiety than expected given their high math achievement (Foley et al., 2017; J. Lee, 2009; Stankov, 2010). But even within Asian
countries, students with higher math anxiety have lower levels of math achievement. Thus, cultural context may play a role in levels of
math anxiety but does not disrupt its relationship to math achievement.

Recently, math anxiety and its relation to math achievement has been explored in young children in various cultural contexts. We
discuss details of these findings in the following sections. Understanding when math anxiety emerges, whether certain components
emerge earlier than others, the factors that influence children’s math anxiety, and how it relates to young children’s math achievement
can inform strategies to address math anxiety or prevent it from emerging in the first place. To preview, math anxiety appears to
emerge by early elementary school, tends to be higher in girls, and is predicted by achievement in math by 1st grade. Although math
anxiety also predicts math achievement in early elementary school, this relation is not as strong as the math achievement to math
anxiety relation. Further, parents’ math anxiety and math behaviors play an important role in both children’s math achievement and
math anxiety.

Development of math anxiety
Emergence and Developmental Changes in Magnitude. In line with findings in adults, factor analyses show that in 8-year-olds,

math anxiety is distinct from test and general anxiety (Carey et al., 2017). Moreover, as early as 1st grade, some children report high
levels of math anxiety, and this is the case for studies carried out in the U.S. and other countries, including China, Netherlands, and
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Germany (Ching et al., 2020; Erturan & Jansen, 2015; Gunderson, Park, et al., 2018; Harari et al., 2013; Jameson, 2013; Krinzinger
et al., 2009; Pantoja et al., 2020; Ramirez et al., 2013, 2016; Vukovic et al., 2013; Wu et al., 2012, 2014).

Although math anxiety emerges early, it is higher in older than younger students. However, the increase in math anxiety over
development is not linear. In a meta-analysis, math anxiety increased from middle to high school, peaking in 9th and 10th grade, and
leveling off in the later years of high school and in college (Hembree, 1990). In other words, students’ math anxiety increases between
the important transition from middle to high school, in line with research suggesting that the transition to high school leads to more
negative math attitudes (Wigfield et al., 1991). Further, Hembree’s (1990) findings suggest that math anxiety becomes more sta-
ble—and perhaps more difficult to change—in high school.

In contrast to findings showing that math anxiety increases over development, some studies find that math anxiety decreases during
the early elementary school years (Gunderson, Park, et al., 2018; Sorvo et al., 2019). However, these findings are difficult to interpret
because math anxiety questionnaires for young children typically include items asking about anxiety when given specific math
problems (e.g., solving 27 + 15) and items asking about general math situations (e.g., learning something new in math). Because
children learn more math as they progress in school, their math anxiety about solving specific math problems may decrease whereas
responses to general math situations may be more stable. An important next step involves longitudinal studies, starting at a young age,
examining how math anxiety develops and changes, using comparable math anxiety measures for younger and older children. For
example, future studies could use specific items that are of comparable difficulty for different grade levels, use only general questions
about math situations, and/or use physiological measures of math anxiety (Young et al., 2012).

Relation to Math Achievement. Math anxiety is associated with lower math achievement as early as 1st grade in the U.S. and
other countries, including China and Germany (Ching et al., 2020; Erturan & Jansen, 2015; Gunderson, Park, et al., 2018; Harari et al.,
2013; Jameson, 2013; Pantoja et al., 2020; Ramirez et al., 2013; 2016; Vukovic et al., 2013; Wu et al., 2012, 2014). Further, math
anxiety in 1st grade predicts math achievement through at least 3rd grade, over and above children’s linear number line estimation, an
important foundational math skill (Pantoja et al., 2020). Since these findings are correlational, an important question concerns
causality, a topic we return to.

Developmental Changes in the Strength of the Relation. Overall, evidence suggests that the relation of math anxiety to math
achievement is stronger in older than younger students. One meta-analysis found no significant difference in the strength of the
relation in 5th graders and above compared to 4th graders and below (Namkung et al., 2019). Other meta-analyses, however, found a
stronger relation in high school students than in elementary school or middle school students (Barroso et al., 2020; Zhang et al., 2019).
In contrast to the pattern of a stronger math anxiety * math achievement relation in older students, Barroso et al. (2020) found the
relation was stronger in middle and high school students compared to post-secondary students (r = —0.24), a finding the authors posit
could be explained by students with lower math anxiety being more likely to continue post-secondary schooling. In sum, the relation of
math anxiety to math achievement is generally stronger in older than younger students, but perhaps weaker in college students than
middle and high school students due to the selectivity of college students.

Direction of the Relation and Mechanisms Involved. Understanding the direction of the relation of math anxiety and math
achievement and whether it changes across development could inform decisions on when and how to address math anxiety. Exactly
why the link between math anxiety and math achievement emerges is an open question. On the one hand, high math anxiety might
harm math achievement. On the other hand, low math achievement might increase math anxiety. Of course, the relation may be
reciprocal from the start and emerge due to other factors, for example, both low math achievement and math anxiety could emerge due
to other negative math attitudes or negative attitudes about learning. To begin to understand how this relation emerges in young
children, we consider theories that were developed to explain the relation of math anxiety with math achievement over time. There are
three prevalent theories on the direction of the relation: Deficit Theory, Cognitive Interference Theory, and Reciprocal Theory. These
different theories have been proposed to explain the math anxiety * math achievement relation.

Deficit Theory. According to the Deficit Theory, poor math achievement and negative memories of math lead to higher math
anxiety (e.g., Carey et al., 2016; Ramirez, Shaw, & Maloney, 2018). In other words, according to the Deficit Theory, math anxiety is
caused by poor math achievement in school and weak foundational math skills over many years. Evidence in support of the Deficit
Theory comes from concurrent data on adults, as well as longitudinal data on adolescents and young children. Adults’ math anxiety has
been found to concurrently relate to basic numerical processing skills, such as counting objects and identifying the larger of two single
digit numbers (Dietrich et al., 2015; Maloney et al., 2010, 2011). Maloney and colleagues suggest that math anxiety in adults may
result from deficits in basic numerical processing skills that could lead to difficulty developing more advanced math skills as well as to
math anxiety.

In a longitudinal study of adolescents in 7th through 12th graders, early math achievement consistently predicted later math
anxiety, while the reverse relation was much weaker, and only significant from 7th to 8th grade, and from 8th to 9th grade (Ma & Xu,
2004). Similar findings are reported in studies across one school year with adolescents in the U.S. and Italy, and in young children in
China (Ching et al., 2020; Geary et al., 2019; Wang et al., 2020). Other studies supporting the Deficit Theory involve children with
learning disabilities (see Carey et al., 2016). However, not all students who struggle with math develop math anxiety (Devine et al.,
2017)

Cognitive Interference Theory. The Cognitive Interference Theory posits that math anxiety negatively affects math achievement
before, during and after participating in a math-related activity. In other words, math anxiety influences math achievement through a)
anticipation of engaging in math, b) disruption of working memory resources both during and after engaging in math, and c) avoidance
of engaging in math (e.g., Carey et al., 2016). Evidence supporting this theory has come from experimental studies, as well as con-
current and longitudinal studies of young children, adolescents and adults. Interventions, reviewed in a later section, have decreased
the negative effect of math anxiety on math achievement, and improved math achievement in adolescents and adults with high math
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anxiety, suggesting that high math anxiety causes low math achievement (Jamieson et al., 2010; 2016; Park et al., 2014; Ramirez &
Beilock, 2011).

Three mechanisms have been proposed as explanations of how math anxiety negatively affects math achievement: anticipation,
working memory, and avoidance. Anticipation of doing math has been found to play a role in the math anxiety * math achievement
relation in 7-year-olds as well as adults (Lyons & Beilock, 2012; Young et al., 2012). In other words, when individuals with high math
anxiety are given time to worry and think about an upcoming math task, these ruminations disrupt working memory resources and
negatively affect math performance.

Working memory has been found to moderate how math anxiety affects math achievement. Paradoxically, children and adults who
are arguably more likely to excel in math through high working memory resources, are more likely to have their math achievement
suffer if they have high math anxiety. For example, 1st and 2nd grade children’s math anxiety and math achievement were related if
they had higher working memory, but not if they had lower working memory (Ramirez et al., 2016). Similar results have been found
with adults and young children in the U.S. and China, suggesting that across development and cultural contexts, math anxiety is
particularly harmful for those with higher working memory (Beilock & Carr, 2005; Ching, 2017; Vukovic et al., 2013). Further
implicating working memory in the math anxiety * math achievement relation, a meta-analysis showed that math anxiety is more
strongly related to achievement on complex math tasks, which tend to require higher working memory resources than foundational
math tasks (Namkung et al., 2019). Thus, working memory, as well as the working memory demands of math tasks, appear to play a
role in the math anxiety * math achievement relation in both children and adults.

Further, children with high working memory and high math anxiety are more likely to use less efficient math strategies than their
peers with high working memory and low math anxiety (Ramirez et al., 2016). Ramirez et al. (2016) proposed two explanations for this
finding. On the one hand, math anxiety may deplete the working memory resources that are needed to use sophisticated and efficient
strategies. On the other hand, high math anxiety might alter the behavior of children with high working memory, such that they avoid
using sophisticated strategies (Beilock et al., 2017; Ramirez et al., 2016). The latter explanation aligns with findings involving ado-
lescents and adults discussed below.

Avoidance of important math-related situations such as enrolling in math courses and doing challenging math, is another mech-
anism that has been posited to explain how math anxiety negatively affects math achievement. For example, math anxiety predicts
adults’ avoidance of challenging math problems even though they have a higher monetary reward than easier math problems, and
when the difficulty of the problems has been adjusted for individual differences in math ability (Choe et al., 2019). Choe et al. (2019)
suggest that individuals with high math anxiety might believe that the costs of engaging in challenging math situations outweigh the
benefits.

Math anxiety appears to predict math avoidance even within math situations that cannot be avoided altogether. For example, high
school students’ math anxiety predicts the quality of their math behavior, such that those with higher math anxiety report spending
less time completing practice problems while studying for a math exam, a study strategy that is more effortful than other strategies (e.
g., reviewing solved problems in a textbook; Jenifer et al., under review). Together, these findings suggest that math anxiety might
influence both the quantity and quality of math behaviors in adolescents and adults. While less is known about the relation of math
anxiety and math avoidance in young children, some 10-year-old children show math avoidance, specifically avoidance of completing
arithmetic problems (Chinn, 2012). Whether this math avoidance relates to young children’s math anxiety is unclear. Examining the
role that math anxiety plays in young children’s math-related behaviors could provide insight into how math anxiety influences or is
influenced by early engagement in math both in the classroom and at home.

Reciprocal Theory. In contrast to the Deficit Theory, which posits a unidirectional relation of achievement to anxiety and the
Cognitive Interference Theory, which posits a unidirectional relation of anxiety to achievement, Reciprocal Theory posits the relation
to be reciprocal, such that math anxiety and math achievement influence each other (Ashcraft et al., 2007; Carey et al., 2016). As in the
Deficit Theory and the Cognitive Interference Theory, working memory and math avoidance are thought to play a role in the
Reciprocal Theory. Ashcraft et al. (2007) suggest that math anxiety could develop from deficits in math skills, and this anxiety could in
turn cause further deficits in math achievement through math avoidance and by depleting working memory resources.

In support of the Reciprocal Theory, a meta-analysis of students below 5th grade, and students in 5th to 12th grade, showed the
longitudinal relation of early math anxiety to later math achievement was as strong as the reverse relation (r = -0.37; Namkung et al.,
2019). However, Namkung et al., (2019) did not examine whether the longitudinal relation of math anxiety and math achievement
differed for younger and older students. Thus we turn to individual studies examining the longitudinal relation in young children.
Gunderson, Park, et al. (2018) assessed 1st and 2nd graders’ math anxiety and math achievement at the beginning and end of the
school year. Math anxiety at the beginning of the school year predicted math achievement at the end of the school year (§ = —0.06).
However, the reverse relation was more than three times stronger (f = —0.20). Studying 1st graders in China, Ching et al. (2020) also
found a stronger relation from math achievement to math anxiety than the reverse. However, Ching et al. (2020) found that the
relation of math anxiety to math achievement was not significant. Similarly, Cargnelutti et al. (2017), found the relation of early math
achievement to later math anxiety (which was marginally significant; § = —0.19, p = .08) to be stronger than the reverse relation in
2nd graders in Italy. However, in 3rd graders the relation of math anxiety to math achievement was stronger than the reverse, sug-
gesting that the direction of the math anxiety * math achievement relation may change across development. In other words, low math
achievement may initially lead to high math anxiety, which then lowers math achievement.

Conclusions. Math anxiety is present and negatively related to math achievement by 1st grade, but higher and more strongly
related to math achievement in middle and high school. Thus, addressing the math anxiety * math achievement link may be more
successful with young children, before math achievement and math-related behaviors have been compromised over many years
perhaps through the establishment of a negative reciprocal relation between math achievement and math anxiety. The math-
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achievement * math anxiety link might emerge from low math achievement and negative math experiences that lead to math anxiety,
but over time this relation may become reciprocal (see Fig. 1). Thus, variations in the quantity and quality of early math experiences
may play arole in increasing young children’s math anxiety. Longitudinal studies are needed to better understand how the direction of
the math anxiety * math achievement relation might change across development. Perhaps changes in school environments as children
get older (e.g., more feedback, evaluations, tracking, and comparisons to peers) play a role in the reciprocal relation of math anxiety
and math achievement found in adolescents.

We also need more information about how children interpret their early math achievement-related experiences, as well as how key
socializers might alter their behaviors based on children’s math achievement. Further, research could examine how the math anxiety of
children and their key socializers affect children’s math-related experiences at home and in the classroom. Understanding whether
children’s math anxiety alters—or is altered by—their math-related experiences, could help explain the emergence of the math anxiety
* math achievement link and inform strategies to break this link.

Gender differences in math anxiety

Emergence and Changes Across Development. Math anxiety is higher in girls than boys by 5th grade, as well as during middle
school, high school and college in the U.S. and various countries across the world (A. Devine et al., 2012; Else-Quest et al., 2010;
Frenzel et al., 2007; Geary et al., 2019; Hembree, 1990; Hill et al., 2016; Huang et al., 2019; Kyttala & Bjorn, 2010; Liu, 2009; Pekrun
et al.,, 2017; Satake & Amato, 1995; Stoet et al., 2016; Todor, 2014; Wigfield & Meece, 1988). However, gender differences are
typically small (e.g., d = 0.23 to 0.28; Stoet et al., 2016) and there is no evidence that they increase between middle school and college,
although we cannot rule out the possibility that students attending college have lower math anxiety than peers who do not attend
college. Somewhat counter-intuitively, the difference between adolescent boys’ and girls’ math anxiety is greater in countries with
more gender equality (Else-Quest et al., 2010; Stoet et al., 2016). This could be due to more interaction between boys and girls in
countries with more gender equality, leading to more between-group comparisons and opportunities for math-gender stereotypes to
negatively affect girls’ math anxiety (Stoet et al., 2016; see math-gender stereotypes section).

In contrast to findings showing higher math anxiety in girls by 5th grade, younger children generally do not show a gender dif-
ference (Ching, 2017; Dowker et al., 2012; Erturan & Jansen, 2015; Harari et al., 2013; Jameson, 2014; Ramirez et al., 2013).
However, a few studies do find small gender differences in early elementary school and when a difference is found, girls show more
math anxiety than boys. This pattern has been reported in the U.S., and various countries, including China, Finland, and Italy, at the
end but not the beginning of 1st grade, as well as in 2nd to 5th graders, suggesting that the gender difference in math anxiety emerges
after children experience a few years of elementary school (Ching et al., 2020; Gunderson, Park, et al., 2018; Hill et al., 2016; Sorvo
et al., 2017; Yiiksel-Sahin, 2008).

Inconsistent findings with young children regarding gender differences are unlikely due to the use of measures that assess different
components of math anxiety, as studies reporting significant and non-significant gender differences often use the same measures.
Nonetheless, researchers have suggested that using global measures of math anxiety rather than measures of particular components of
math anxiety might obscure gender differences (Geary et al., 2019). Another viable explanation is that many studies of young children
may have insufficient power to detect significant gender differences in math anxiety, which are typically small in young children (e.g.,
d = -0.17; Gunderson, Park, et al., 2018).

The Role of Other Math Attitudes, Spatial Skills and Math Avoidance. Researchers have hypothesized that the gender difference
in math anxiety could be explained by math-gender stereotypes (Beilock et al., 2007). Additionally, a gender difference in spatial
anxiety may play a role in the gender difference in math anxiety. For example, girls in 1st and 2nd have higher spatial anxiety than
boys, and a study with college students in Canada found that spatial anxiety uniquely predicted the gender difference in math anxiety
(Ramirez et al., 2012; Sokolowski et al., 2019). Further, spatial skills, specifically mental transformation skills, have been shown to
predict math skills (Cheng & Mix, 2014; Gunderson, Ramirez, Beilock et al., 2012; Mix et al., 2020), and girls’ lower spatial trans-
formation skills (e.g., Levine et al., 1999) may contribute to their math anxiety. Another possibility is that females avoid math more
than males, and that this increases their math anxiety (Jenifer et al., in preparation). In sum, the gender difference in math anxiety
(favoring boys) may be related to math-gender stereotypes, differences in spatial anxiety, difference in spatial skills, and/or to math
avoidance.

Gender Differences in the Strength of the Math Anxiety * Math Achievement Relation. Results have been inconsistent
regarding whether the strength of the math anxiety * math achievement relation differs by gender. Some meta-analyses have found no
significant gender differences in the strength of the relation in individuals ranging from elementary school to adulthood (Barroso et al.,
2020; Ma, 1999; Zhang et al., 2019). However, one meta-analysis found that the relation was stronger in high school boys than girls,
suggesting that high math anxiety may be particularly detrimental to boys’ math achievement (Hembree, 1990). In contrast, other
studies of young children and adolescents the U.S., U.K., and Netherlands have found the relation to be stronger in girls than boys (A.
Devine et al., 2012; Erturan & Jansen, 2015; Geary et al., 2019; Schleepen & Van Mier, 2016; Van Mier et al., 2019). Similarly, a study
of high achieving high school students showed girls’—but not boys’—math anxiety to be concurrently significantly related to interests
in pursuing math or science careers (Huang et al., 2019). It is possible that math-gender stereotypes explain findings of a stronger
relation of math anxiety to math outcomes in girls than boys.

Conclusions. Gender differences in math anxiety have typically been examined in older students and adults, finding that females
are more math anxious than males. However, there is growing evidence that this gender difference emerges much earlier, by the end of
1st grade. Math-gender stereotypes, spatial anxiety and skills, and math avoidance may play a role in gender differences in math
anxiety. Currently, we have no information about whether different factors play a role in the gender difference at different ages.
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Further, findings of gender differences in the strength of the math anxiety * math achievement relation are contradictory. Future work
could examine whether inconsistencies in findings may be due to differences in age, culture, the math anxiety or achievement mea-
sures used, or the components of math anxiety assessed.

Key socializers

Parents’ Math Anxiety. Parents’ math anxiety predicts young children’s and adolescents’ math achievement in families from
various backgrounds as shown by studies carried out in the U.S., Chile, and India (Berkowitz et al., 2015; Casad et al., 2015; del Rio
et al., 2020; Schaeffer et al., 2018; Soni & Kumari, 2017). Additionally, Casad et al. (2015) found that parents’ and adolescents’ math
anxiety interact, such that when parents and adolescents both had high math anxiety, adolescents’ math achievement was typically
lower, and this relation was stronger in same-gender dyads, particularly mother-daughter dyads, consistent with findings that same-
gender role models have a strong effect on girls’ STEM interests (see Math-Gender Stereotype section).

Further, parents’ math anxiety predicts adolescents’ math anxiety (Casad et al., 2015; Soni & Kumari, 2017), but we do not know
whether this is the case for young children. In addition to examining whether parents’ math anxiety predicts young children’s math
anxiety, future work could examine whether certain components of parents’ math anxiety are linked to children’s math attitudes and
achievement. For instance, it is possible that the affective component of parents’ math anxiety (which involves emotions of
nervousness and tension around math) is more predictive of children’s math achievement and math anxiety than the cognitive
component of parents’ math anxiety (which involves worrying about one’s math performance). It is also possible that the association
between particular components of parents’ math anxiety and children’s math achievement and math attitudes changes over devel-
opment. Indeed, developmental research is needed to understand the role of particular components of parents’ math anxiety on
children’s math anxiety and achievement.

There is evidence that parents’ math anxiety predicts the degree to which young children identify with math (del Rio et al., 2020),
which is likely associated with children’s math anxiety. Further, other math attitudes parents hold may influence their children’s math
anxiety. Notably, parents’ expectations of their 2nd grade children’s math achievement predicted their children’s math anxiety, as well
as their math achievement (Vukovic et al., 2013). We next consider the mechanisms through which parents’ math anxiety could in-
fluence their children’s math attitudes and math achievement.

Mechanisms. The quantity and quality of parents’ math input may explain why parents’ math anxiety predicts children’s math
attitudes and math achievement (see Fig. 1). Given the link between adults’ math anxiety and math avoidance, it is not surprising that
parents’ math anxiety predicts their math input. For example, in a study of families in Chile from low socioeconomic status (SES)
backgrounds, parents’ math anxiety predicted the quantity of the math input they provided to their preschoolers (del Rio et al., 2017).
Parents’ math anxiety is even associated with the math input they provide children well before their children start school. Parents with
higher math anxiety have been shown to engage in less talk about number and qualitatively different types of number talk with their
14- to 30-month-old toddlers than parents with lower math anxiety (Berkowitz et al., 2021). Specifically, parents with higher math
anxiety labeled set sizes less frequently (e.g., “You have three blocks™) but did not differ in the frequency of counting. However, there
was an interaction of parent math anxiety and family SES, such that parents’ math anxiety predicted number talk for families from
higher SES but not lower SES backgrounds. For families from higher SES backgrounds, parents with high math anxiety talked less about
number but for families from lower SES backgrounds, parents’ number talk was infrequent regardless of their math anxiety. Together,
these findings highlight the importance of examining parent—child math interactions for families who differ with respect to parent
math anxiety and SES background.

Further, the relation of parents’ math anxiety to math interactions with their children may depend on the nature of the math
activity. In support of this view, parents’ math anxiety does not significantly predict how frequently they help their children with math
homework (DiStefano et al., 2020; Maloney et al., 2015). However, compared to parents with low math anxiety, parents with high
math anxiety may less frequently engage their children in math interactions around play and daily routines, which are more optional
than homework. Nonetheless. parents with different levels of math anxiety may differ in the quality of their homework help.

In support of this possibility, when parents reported high math anxiety and frequently helping their 1st and 2nd graders with math
homework, the quantity of their homework help negatively predicted their children’s math anxiety and math learning (Maloney et al.,
2015). Thus, the frequent and well-meaning homework help of parents with high math anxiety may backfire (Maloney et al., 2015).
Consistent with this view, DiStefano et al. (2020) found that highly math anxious parents of 1st through 6th graders reported that math
homework interactions were a negative experience for them, suggesting that the quality of these interactions may suffer if parents have
high math anxiety. Consistent with this possibility, in an observational study of parents and their young children using a low-pressure
math app with story problems and answers provided, parents’ math anxiety predicted the quality of their math interactions (e.g.,
respecting children’s prior knowledge and promoting critical thinking; Herts et al., 2019). Together, these findings suggest that
parents’ math anxiety predicts the quantity and quality of their early parent-child math interactions, but this relation may differ for
families from lower and higher SES backgrounds and for different kinds of math interactions— notably math homework and math
activities unrelated to homework. Nonetheless, differences in the quantity and quality of parent—child math interactions may explain
why parents’ math anxiety predicts their children’s math anxiety and math achievement.

Teachers’ Math Anxiety. Young children likely have had a teacher with high math anxiety, as college students majoring in
elementary school education tend to have higher math anxiety than those with other majors (Hembree, 1990). Negative relations
between teachers’ math anxiety and children’s math learning have been found as early as 1st and 2nd grade boys and girls from diverse
SES backgrounds in the U.S. and Belize (Richland et al., 2020; Schaeffer et al., 2020) as well as for high school students (Ramirez,
Hooper, et al., 2018). However, this negative relation may not emerge before children begin formal schooling. A study with preschool
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teachers and their students in Germany, found that teachers’ math anxiety did not significantly predict their students’ math
achievement, suggesting that the relation of teachers’ math anxiety and children’s math learning may arise after preschool (Jenen
et al., 2020). This could be because relatively little time is spent on math in preschool classrooms, as in the U.S. math takes up only 3%
of total class time while reading takes up 11% of class time (Fuhs et al., 2012).

Mechanisms. Teachers’ math anxiety may be associated with other negative math attitudes they hold. For example, pre-service and
in-service elementary school teachers with higher math anxiety are less confident in teaching math (Bursal & Paznokas, 2006; Gre-
sham, 2008; Richland et al., 2020; Swars et al., 2006). In other words, teachers with higher math anxiety believe they are less capable
of being effective math teachers. This finding raises the possibility that the relation of teachers’ math anxiety to their students’ higher
math anxiety and lower math achievement could be explained by teachers’ low confidence in their ability to teach math effectively or
to actual differences in the quality of their teaching.

Students are likely picking up on negative math attitudes their teachers may hold. Ramirez, Hooper, et al. (2018) found the relation
of high school teachers’ math anxiety to students’ math learning was partially mediated by how much students perceived their teacher
to believe that not everyone can be good at math (i.e., a fixed mindset about math). Thus, teachers with high math anxiety may convey
other maladaptive math attitudes to their students, which then harms children’s math achievement (see Mindset/Implicit Theory
section). Additional support for this view comes from a study showing that girls in 1st and 2nd grades had lower math achievement at
the end of the school year, controlling for their math achievement at the beginning of the school year, if their female teachers had
higher math anxiety, and this relation was mediated by girls’ endorsement of the stereotype that boys are better at math than girls
(Beilock et al., 2010). Together, these findings highlight the importance of examining how teachers’ math anxiety influences the
quality of their teaching and the math-related messages they convey, which may in turn influence students’ math achievement and
math attitudes.

Conclusions. Key socializers’ math anxiety predicts children’s math anxiety and math achievement, perhaps because their math
anxiety predicts the quantity and quality of the math interactions they have with children, their confidence in teaching or supporting
children’s math learning, and the messages they convey to children about math (see Fig. 1). However, these relations should be further
examined in families from diverse SES backgrounds. Various questions remain. First, we need to increase our understanding of the
causal relations between key socializers’ math anxiety and the quality of their math teaching, which is essential for developing in-
terventions. Second, we need more information about key socializers’ anxiety about engaging in math with children as well as their
general math anxiety, as there may be differences in these anxieties, and the former may be more consequential for children’s math
attitudes and math achievement. Third, we need to assess whether teachers’ and/or parents’ math attitudes play a particularly
important role in children’s math anxiety and math achievement at certain ages. Finally, it is important to further examine how the
math anxiety of same-gender versus opposite-gender key socializers contribute to children’s math attitudes and math achievement,
and how the math anxiety of parents and teachers jointly affect children’s math learning and attitudes.

Interventions

Adolescents and Adults. Interventions with adolescents and adults have reduced the negative effect of math anxiety on math
achievement in the short-term through expressive writing, reappraisal, and focused breathing. Writing interventions involve having
participants write out their thoughts and feelings about an upcoming math exam. This has been found to free up working memory
resources that would otherwise have been compromised (Park et al., 2014; Ramirez & Beilock, 2011). In reappraisal interventions,
individuals are taught to reinterpret signs of anxiety and arousal as beneficial rather than harmful to achievement (Jamieson et al.,
2010; 2016). Further, a focused breathing exercise increased calmness prior to a math test (Brunyé et al., 2013). Together, these
findings suggest that the link between math anxiety and math achievement can be reduced in adolescents and adults—at least in the
short-term—Dby externalizing worries through writing, reinterpreting signs of anxiety, and increasing calmness.

Young Children. A cautionary note is that interventions that benefit older students with high math anxiety may not have the same
positive effects for young children. For example, rather than improving math achievement, writing out worries appears to harm
children’s math achievement. This was shown in a study of 10- to 12-year-old children who completed a math pretest and were then
prompted to either write down their worries about an upcoming math lesson and test (intervention condition) or copy an emotionally
neutral paragraph (control condition; Mesghina & Richland, 2020). Then, students watched a videotaped math lesson and took a math
post-test. The writing intervention decreased math learning, an effect that was mediated by feeling more pressure to do well on the
math test. The writing intervention was particularly harmful for girls that had higher working memory and higher math achievement
at pretest. In other words, while writing interventions have been found to free up working memory resources necessary for an up-
coming math task in adolescents and adults, this type of intervention was detrimental for younger children, possibly because of the
increased pressure they felt after writing depleted their working memory resources.

An intervention that has been successful in reducing young children’s math anxiety involves increasing their math learning ex-
periences. Indeed, Supekar et al. (2015) found that for 3rd grade children with high math anxiety, intensive math tutoring admin-
istered individually over 8 weeks normalized activity levels in brain regions important for emotion regulation and math cognition. In
turn, this reduced children’s math anxiety and increased their math learning. To our knowledge, this is the only intervention that
successfully reduced young children’s math anxiety, and it did so by improving children’s math skills.

Parents and Their Children. One intervention eliminated the link between parents’ math anxiety and elementary school chil-
dren’s math achievement by encouraging positive math interactions through a structured math activity. Parents and their 1st grade
children were provided with a math app that guided low-pressure math interactions through fun daily passages and math-related
questions and answers (Berkowitz et al., 2015). The intervention eliminated the negative relation between parents’ math anxiety
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and children’s math learning through 3rd grade (Schaeffer et al., 2018). Thus, increasing fun and low-pressure math learning op-
portunities at home could break the link between parents’ higher math anxiety and children’s lower math achievement.

Conclusions. While interventions that externalize anxiety through writing mitigate the negative relation of math anxiety to math
achievement in adolescents and adults, this approach may harm young children’s math achievement. Thus, examining whether in-
terventions that have been successful with adolescents and adults are also successful with young children is essential. With young
children, a more effective way to break the link between children’s—or parents’—math anxiety with children’s math achievement may
be for children to learn more math in school and engage in fun and low-pressure math learning activities with their parents. Together,
these findings suggest that cognitive interventions may be more effective for younger children, whereas affective interventions may be
more effective for adolescents and adults. More work is needed to understand whether reappraisal or focused-breathing interventions
that have been effective for adolescents and adults with high math anxiety would also be effective for young children. Additionally,
intervening on multiple factors (e.g., cognitive and affective) may be particularly effective, a possibility that is supported by research
with adolescents and adults (Jamieson et al., 2018; Yeager et al., 2016).

What we know and questions for future research

By 1st grade, math anxiety is present and negatively related to math achievement. This link may emerge by math achievement-
related experiences first influencing math anxiety (see EMAA model, Fig. 1). Potential mechanisms that could explain this link
include the classroom environment (e.g., emphasis on performance, and comparisons to peers), and the quantity and quality of math
interactions at home. To better understand how young children’s math achievement-related experiences might influence their math
anxiety and vice versa, more work observing and examining children’s math interactions with key socializers is needed. Additionally,
interviewing children with different levels of math anxiety about their low or high math scores would provide valuable information
about how they interpret these experiences, and whether these interpretations influence their math anxiety. We discuss children’s
responses to failure experiences further in the Mindset/Implicit Theory section. Additionally, there may be a genetic component to
math anxiety (Wang et al., 2014) that future work could further examine.

Adolescents and adults’ math anxiety is associated with their math choices and behaviors. However, it is unclear whether young
children’s math anxiety is associated with the quantity and quality of their math-related behaviors. To understand whether math
anxiety influences—or is influenced by—young children’s math-related behaviors, future work could observe the quantity and quality
of behaviors within math situations at home and at school (e.g., engagement and math avoidance).

Girls have higher math anxiety than boys by 5th grade, and perhaps as early as the end of 1st grade, suggesting that math-gender
stereotypes might play a role in children’s—particularly girls’—math anxiety. Math anxiety is also related to math self-concept and
mindset. We discuss these relations and implications in more detail in those sections, but one take-away is that it is important to
understand how these math attitudes emerge and develop in young children and how they may be influencing each other and math
achievement.

Key socializers’ math anxiety plays an important role in children’s math anxiety and math achievement, likely due to less frequent
and lower quality math interactions with key socializers who are highly math anxious. Further, math anxiety may influence other
important math attitudes key socializers hold, a topic we return to in the Math Self-Concept section. Finally, the effectiveness of
different types of interventions at different developmental time points needs investigation. Notably, there is some indication that
affective interventions that have been effective for adolescents and adults may not be effective for young children. However, increased
exposure to math—at school and at home—appears to decrease young children’s math anxiety and improve their math achievement.

Math self-concept

Influential theories proposed by Eccles, Wigfield, Marsh, and colleagues posit that one’s self-perception of competence in a domain
plays an important role in achievement in that domain (Eccles et al., 1993; Marsh, 1990). Self-concept refers to one’s self-perception or
beliefs about their current competence in a particular domain, such as math (e.g., “How good are you at math?”; Eccles et al., 1993;
Eccles & Wigfield, 2002). Domain-specific self-concept is posited to be a construct theoretically separate from expectations of future
achievement (e.g., “How good do you think you will do in math this year?”), and from perception of task difficulty (e.g., “How hard is
math for you?”; Eccles & Wigfield, 2020). However, empirical evidence has not distinguished between self-perceptions of current
ability, expectations of future achievement, and task-difficulty suggesting that they are measuring a common underlying construct
(Eccles et al., 1993). Thus, researchers typically measure these as one construct, termed “self-concept”, and include questions about all
three perceptions. In line with findings of math anxiety, math self-concept predicts adolescents’ and adults’ math achievement, as well
as their math-related choices including course-taking and careers (Eccles & Wigfield, 2020; Wigfield & Eccles, 2020).

Understanding what factors influence the development of children’s math self-concept, as well as when and why it begins to relate
to math achievement can help inform strategies to improve math self-concept and math achievement. To preview, our review shows
that some children, particularly girls, begin to have negative perceptions of their math ability by early elementary school. In addition,
math achievement predicts math self-concept more strongly than the reverse in early elementary school. Finally, there are inter-
generational effects such that parents’ child-specific math attitudes predict their young children’s math achievement and math self-
concept.
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Development of math self-concept

Emergence and Developmental Changes in Magnitude. Some researchers find that self-concepts of abilities are domain-specific
by preschool and elementary school, but they increase in specificity across the early elementary school years (Dapp & Roebers, 2018;
Dweck, 2002; Eccles et al., 1993; Marsh et al., 1991; 1998; 2002; Moller et al., 2009; Wigfield et al., 1997; Valeski & Stipek, 2001).
Children’s math self-concept generally becomes more stable over the elementary school years and declines in higher grades (Fredricks
& Eccles, 2002; Jacobs et al., 2002; Markovits & Forgasz, 2017; Upadyaya & Eccles, 2015; Weidinger et al., 2018; Wigfield et al.,
1997). This decline is thought to reflect children’s increasing accuracy in perceiving their ability level, their increasing pessimism
about their achievement, and changes in their school environment (e.g., higher pressure, and more comparisons and evaluations at
higher grade levels; Dweck, 2002; Eccles et al., 1993; Fredricks & Eccles, 2002; Jacobs et al., 2002). In contrast to this general decline,
some studies find there is a small increase in math self-concept from kindergarten to 1st grade (Dapp & Roebers, 2018; Valeski &
Stipek, 2001). It is possible that this early increase is due to the nature of the measures that are used. We discuss differences between
measures in a section below.

Superimposed on these general age trends, there are individual differences in how math self-concept changes across development.
In a longitudinal study of children from 4th grade through college, about 40% of individuals maintained a relatively high math self-
concept, 40% began with moderate levels that declined over time, and 20% began with moderate levels with a steeper decline over
time (Musu-Gillette et al., 2015). Importantly, trajectories of change in math self-concept predicted future choices of college majors,
controlling for initial math achievement. Those that maintained a relatively high math self-concept were more likely to have math-
intensive college majors. Thus, starting with and maintaining a high math self-concept may be particularly important for future
math-related choices.

Researchers have begun to take person-centered approaches in which the pattern of students’ low, medium, or high math self-
concept and math task-value (i.e., how valuable one thinks math is for them) are considered together. Lazarides et al. (2020) found
four profiles in 7th to 12th grade students: high, medium, and low math self-concept and math task-value, with levels matching across
these measures and another profile consisting of medium to high math self-concept and high math attainment-value (i.e., personal
importance of a task; a component of math task-value) but low math intrinsic-value (i.e., expected enjoyment; another component of
math task-value). These patterns remained stable over time, and predicted math-related career plans, college majors, and actual ca-
reers in adulthood. For example, students with medium to high math self-concept and math attainment-value but low math intrinsic-
value, were less likely to major in math-related fields and to have math-related careers in adulthood than students with consistently
high motivational profiles.

Similar findings were reported by Lazarides et al. (2019) with high school students in Germany. Additionally, boys were over-
represented in the high motivation profile and girls were over-represented in the low motivation profile (Lazarides et al., 2019).
An important take-away from these studies is that adolescents sometimes hold differing levels of math self-concept and math task-
value. Examining combinations of math self-concept, task value, and other math attitudes in young children, and how these combi-
nations relate to their math achievement and career paths is an important direction for future research, as it will inform our under-
standing of whether young children might also hold varying levels of different math attitudes.

Relation to Math Achievement. Math self-concept has been reported to be moderately related to math achievement by 3rd grade
in various studies in the U.S., Belgium, and Germany (Arens et al., 2011; Ganley & Lubienski, 2016; Justicia-Galiano et al., 2017,
Pinxten et al., 2014; Wigfield et al., 1997). This relation has also been found in children as early as 1st grade (Dapp & Roebers, 2018;
Dowker et al., 2019; Herbert & Stipek, 2005; Valeski & Stipek, 2001), and in children as young as 6 years old in Germany, prior to the
start of formal schooling (Arens et al., 2016; Marsh et al., 2002). Some studies that include both kindergarteners and 1st graders have
found math self-concept and math achievement to be significantly related in 1st grade but not in kindergarten (Dapp & Roebers, 2018;
Valeski & Stipek, 2001). In addition to its relation to math achievement, math self-concept has been found to positively relate to the
quality of 1st graders’ overall engagement in school, and to negatively relate to 4th to 7th graders’ perception of the effort they put into
math (Pinxten et al., 2014; Valeski & Stipek, 2001).

As we will discuss in the Direction of the Relation section, there is evidence that in young children math achievement influences math
self-concept, and that the relation becomes reciprocal in adolescents. Before discussing the direction of the math self-concept * math
achievement relation, we consider whether the type of measure used to assess math self-concept may play a role in developmental
differences in math self-concept and its relation to math achievement.

Differences in Measures of Young Children’s Math Self-Concept. Three main types of measures of math self-concept have been
used with children, in part related to different theories about math self-concept, a discussion that is outside the scope of this review (see
Wigfield & Eccles, 2000). The most common measure involves questions about general math ability (e.g., how good are you at/how
well will you do in math?), as well as questions about how good children think they are at math compared to other school subjects, how
good they think they are at math compared to their peers, and how difficult math is for them. The comparison questions are important,
as math self-concept is posited to be formed in part through external comparisons to others, and in part through internal comparisons to
one’s abilities in other domains (Marsh, 1986; 1990). This type of measure has been commonly used with children as early as 1st grade
(Eccles et al., 1993; Marsh, 1990). A similar type of measure also asks children as young as kindergarteners about their general math
ability but does not include questions about comparisons to peers or other domains, or about difficulty (Valeski & Stipek, 2001).

A second common math self-concept measure asks children about their specific math abilities (e.g., how good are you at counting?)
but not about comparisons to peers or other domains, or about difficulty. This type of measure has been used with children before they
enter formal schooling, as well as with children in elementary school (Dowker et al., 2019; Marsh et al., 2002). A third type of measure
that has been used with kindergarteners and 1st graders asks them about their ability in specific math activities compared to their peers
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(Dapp & Roebers, 2018). In this measure, children are shown a set of stick figures representing their classmates ordered from the best
to the worst in a specific math activity and asked to point to the one that represents their math ability.

Children’s responses to all three of these types of measures have been found to relate to their math achievement (Arens et al., 2011;
Dowker et al., 2019; Justicia-Galiano et al., 2017). However, two studies found a significant relation between math self-concept and
math achievement in 1st graders but not kindergarteners (Dapp & Roebers, 2018; Valeski & Stipek, 2001), even though their math self-
concept measures had high internal reliability in both grades. These studies assessed math self-concept via questions about general
math ability (but not comparisons to peers or other domains, or difficulty) or their specific math activities compared to peers. One
possibility is that children’s math self-concept becomes more predictive of math achievement with increasing exposure to formal
schooling. Additionally, some studies find that young children have difficulty distinguishing between “effort” and “ability” (e.g.,
Folmer et al., 2008; Nicholls, 1978), although a recent study found that young children can do this when questions are simplified (e.g.,
Muradoglu & Cimpian, 2020). Nonetheless, it is important to assess young children’s conception of “ability” when interpreting
developmental changes in the relation to various aspects of math self-concept and math achievement.

An interesting question is whether young children’s math self-concept is more influenced by comparison to peers or by comparison
to other abilities, or both. Children’s different experiences may contribute to their understanding of “ability” and thus to their math
self-concept (see Dweck, 2002). For example, being in a kindergarten classroom that emphasizes evaluations and comparisons can
result in children having lower perceptions of their general ability—specifically how “smart” they think they are compared to their
peers (Stipek & Daniels, 1988). Thus, young children’s understanding of ability, and the relation of their math self-concept with their
actual math achievement may depend on how much their abilities are compared to others (see Boaler, 2013 for review).

Developmental Changes in the Strength of the Relation and Math Achievement. Like math anxiety, math self-concept is more
strongly related to math achievement in older than younger students. A meta-analysis found that the strength of the relation increased
from elementary to early high school (Ma & Kishor, 1997). The increasing strength of this relation over time raises the question of
whether math self-concept affects math achievement, math achievement affects math self-concept, or whether this relation is
reciprocal.

Direction of the Relation. The direction of the math self-concept * math achievement relation may change across development.
One view is that the math self-concept * math achievement relation is reciprocal (Calsyn & Kenny, 1977; Eccles & Wigfield, 2020;
Marsh & Craven, 2006). This view is supported by studies of adolescents in Germany, Belgium and Taiwan that find that math self-
concept predicts math achievement as strongly or more strongly than the reverse (Arens et al., 2017; Chen et al., 2013; Marsh
et al., 2005; Moller et al., 2011; Pinxten et al., 2014; Sewasew et al., 2018).

Another view is that math achievement influences math self-concept and this view is supported by studies carried out in the U.S.
and Germany that included students in preschool and elementary school as well as middle school (Arens et al., 2016; Ganley &
Lubienski, 2016; Helmke & van Aken, 1995). For example, in a longitudinal study of 3rd to 8th graders, math achievement predicted
math self-concept in both elementary (3rd to 5th grade; r = 0.27) and middle school (5th to 8th grade; r = 0.24; Ganley & Lubienski,
2016). However, the reverse relation (math self-concept to math achievement) was only marginally significant in middle school (r =
0.05) and not significant in elementary school. A similar pattern was found in even younger students, with the math achievement of 5-
to 6-year-old preschoolers in Germany significantly predicting their math self-concept, and not the reverse (Arens et al., 2016). These
findings suggest that the math self-concept * math achievement relation may be reciprocal in adolescents, but in young children math
achievement appears to be more predictive of math self-concept than the reverse.

Supporting the view that the math self-concept * math achievement relation changes across development, a study of 5th to 11th
grade students in Taiwan, found that the relation from math self-concept to math achievement increased with age, whereas the relation
from math achievement to math self-concept decreased with age (Chen et al., 2013). Further, the math self-concept * math
achievement relation may differ for different measures of math achievement (Arens et al., 2020; Helmke & van Aken, 1995). For
example, in a study of 6th to 9th grade students in Germany, math test scores predicted math self-concept and not the reverse, but math
class grades and math self-concept were reciprocally related (Arens et al., 2020).

In sum, evidence suggests that young children’s math achievement more strongly predicts their math self-concept, whereas ado-
lescents’ math self-concept is reciprocally related to and perhaps more strongly predicts their math achievement (see Fig. 1). The
stronger relation of math achievement to math self-concept than the reverse in young children echoes the finding for math
achievement and math anxiety. An important caveat to interpreting these relations, is that the results we have discussed are corre-
lational, and experimental work is needed to determine causal relations. Next, we consider causal mechanisms that could account for
the math self-concept * math achievement relations.

Mechanisms Explaining the Relation of Math Self-Concept and Math Achievement. Situated Expectancy-Value Theory (SEVT)
posits that math achievement both influences and is influenced by math self-concept (Eccles & Wigfield, 2020). We first discuss
mechanisms posited to explain how math self-concept could influence math achievement-related outcomes. According to SEVT, math
self-concept (perceptions of current math ability) predicts expectations of future math achievement, as well as math task-value, which
includes the subcomponents of interest (i.e., expected enjoyment of math), attainment (i.e., personal importance of math), utility (i.e.,
how useful one thinks math is for their future), and cost (i.e., the effort and emotional cost of doing math; Eccles et al., 1993; Wigfield &
Eccles, 2000). In turn, math expectations and math task-value are posited to predict math achievement-related outcomes (Wigfield &
Eccles, 2020).

Evidence shows that math expectations and math task-value are related, the strength of this relation increases over time, and
changes in expectations drive changes in math task-value (see Wigfield & Eccles, 2020). However, as we discussed above, math self-
concept (i.e., perception of current math ability) is empirically indistinguishable from expectations of future math achievement—at least
based on existing measures—and measures of math self-concept include questions about both current math ability and expectations of
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future math achievement. Therefore, the posited causal pathway from perceptions of current math ability to math expectations and
math task-value, to math achievement-related outcomes lacks evidence.

We now turn to mechanisms that could explain the reverse direction of the math achievement * math self-concept relation, the
former influencing the latter. SEVT posits that previous math achievement-related experiences influence one’s interpretation of these
experiences, which then influence affective reactions and memories of math, which in turn influence math self-concept (Eccles &
Wigfield, 2020). One could think of math anxiety as a type of affective reaction that could mediate the relation of math achievement to
math self-concept. Consistent with this view, a study of 15-year-old students in Belgium who took the PISA survey showed a concurrent
relation between math self-concept and math achievement, which was mediated by their math anxiety (Ferla et al., 2009). However,
experimental studies are needed to determine causal relations. Related to this finding, in the next section we turn to research on the
relation of math self-concept to math anxiety.

The Relation of Math Self-Concept and Math Anxiety. Higher math anxiety is associated with lower math self-concept
concurrently in 2nd graders, and in adolescents and adults in the U.S., and various countries across the world (Ferla et al., 2009;
Jameson, 2014; Justicia-Galiano et al., 2017; Kaskens et al., 2020; Kyttala & Bjorn, 2010; J. Lee, 2009; Liu, 2009; Meece et al., 1990;
Sokolowski et al., 2019; Wigfield & Meece, 1988). We lack information on the direction of the relation in young children and whether it
changes across development.

In contrast to SEVT, which posits that affective reactions to memories of math could influence math self-concept, the Interpretation
Account posits that high math anxiety develops not from low math achievement, but from low math self-concept and how one interprets
their math achievement-related experiences (Ramirez, Shaw, & Maloney, 2018). Supporting this view, in a study of 7th to 9th graders,
the relation of math achievement to math anxiety one year later was mediated by math self-concept (Meece et al., 1990). Similarly, in a
study of high schoolers in the Netherlands, math self-concept mediated the concurrent relation of math achievement and math anxiety
(Van der Beek et al., 2017). This account would gain further support by findings showing that the relation of math anxiety does not
mediate the relation between math self-concept and math achievement.

In addition to longitudinal studies finding that adolescents’ math self-concept mediates the relation of math achievement to math
anxiety (Meece et al.,, 1990; Van der Beek et al., 2017), the direction of the math anxiety * math self-concept relation has been
examined through short-term longitudinal studies of adolescents (Ahmed et al., 2012; Wang et al., 2020). For example, a study of 7th
grade students in the Netherlands found the relation to be reciprocal, but the relation of math self-concept to later math anxiety was
twice as strong as the reverse (Ahmed et al., 2012). Additionally, a study of high school students in Italy found a reciprocal relation
between math anxiety and math self-concept, but this relation was only significant in boys, perhaps because boys with a low math self-
concept have difficulty reconciling this with the societal expectation that boys are good at math, which makes them more anxious
about math (Wang et al., 2020). Thus, math-gender stereotypes may play a role in the relation of math attitudes to each other, and to
differences in these relations in boys and girls.

In sum, these two theories—SEVT and the Interpretation Account—posit that math self-concept and math anxiety are related but
disagree about the direction of this relation (see EMAA model, Fig. 1) and the mechanisms underlying this relation. While SEVT posits a
relation from affective reactions to math-self-concept—which would suggest that math anxiety influences math self-concept—the
Interpretation Account posits that math self-concept influences math anxiety. Clearly, more work is needed to understand the lon-
gitudinal and causal relations of math achievement, math self-concept, and math anxiety, but existing work highlights that there are
important relations among these constructs. While evidence seems to favor the Interpretation Account in adolescents (Ahmed et al.,
2012; Meece et al., 1990; Van der Beek et al., 2017), experimental studies are needed to examine whether improving math self-concept
in turn decreases math anxiety, and/or the reverse.

Conclusions. While more experimental work is needed to determine causality, the math self-concept * math achievement link
appears to emerge by math achievement first influencing math self-concept. To understand why math achievement might influence
math self-concept, it is important to understand how young children interpret their math achievement-related experiences. Perhaps
one way to break the link between low math achievement and low math self-concept is to encourage young children to focus on their
progress in learning math rather than comparing their math achievement to that of others—in other words, to take a more formative
assessment approach to early math learning (e.g., Raudenbush et al., 2020). A greater focus on the process of learning and mastering
math rather than performing well in math (a topic we discuss in the Mindset/Implicit Theory section) may be an effective way to break
this link.

Further, math anxiety and math self-concept are concurrently related by early elementary school. In adolescents, the relation of
math self-concept to math anxiety may be stronger than the reverse, but the direction of this relation in young children and whether it
changes across development are open questions. Understanding the development of these attitudes and whether they are causally
related would inform intervention approaches aimed at improving these attitudes. Further, we lack information about how math self-
concept relates to other math attitudes, particularly in young children.

Gender differences in math self-concept

Emergence and Changes Across Development. Studies in the U.S. and Germany consistently show that the math self-concept *
math achievement relation is similar for boys and girls ranging from elementary school to high school (Ganley & Lubienski, 2016; Ma
& Kishor, 1997; Marsh et al., 2005; Sewasew et al., 2018). However, boys tend to have a more positive (higher) math self-concept than
girls consistent with the finding that boys tend to have lower math anxiety than girls. Next, we discuss the emergence of the gender
difference in math self-concept.

Gender differences in self-concept are domain-specific and tend to follow stereotypical patterns, such that girls perceive their
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ability to be lower in math and sports, but higher in reading and music than boys (Eccles, 1993; Fredricks & Eccles, 2002; Jacobs et al.,
2002; Marsh, 1989). Gender differences in math self-concept are consistently reported in 5th grade and above in the U.S. and various
countries across the world (Dowker et al., 2012; Else-Quest et al., 2013; Ganley & Lubienski, 2016; Herbert & Stipek, 2005; Jerrim &
Schoon, 2014; C.Y. Lee & Kung, 2018; Liu, 2009; Marsh et al., 2005; Markovits & Forgasz, 2017; Moller et al., 2011; Sewasew et al.,
2018; Skaalvik & Skaalvik, 2004). It is possible that gender differences in domain-specific self-concept result from gender differences in
math and reading achievement—that is individuals’ relative strengths influence their self-concepts in particular academic domains.
For example, girls tend to perform better than boys in reading (Stoet & Geary, 2018) and have higher reading self-concept than boys
but tend to perform worse than boys in math (Stoet & Geary, 2018), and have lower math self-concept than boys.

Whether there are gender differences in math self-concept in early elementary school is unclear. Some studies carried out in the U.S.
and Germany have found a small difference in elementary school, favoring boys (Dapp & Roebers, 2018; Eccles, 1993; Jacobs et al.,
2002; Marsh et al., 1998, Marsh & Yeung, 1998; Wigfield et al., 1997). In contrast, other studies, carried out in Germany and the U.K,
have not found a significant gender difference in math self-concept in preschoolers through 3rd graders (Arens et al., 2016; Dowker
etal., 2019; Lohbeck et al., 2017; Marsh et al., 2002). Further, in a longitudinal study of children from low-income and racially diverse
backgrounds in the U.S., there were no significant gender differences in kindergarteners’ and 1st graders’ math self-concept, but 3rd
and 5th grade girls had a lower math self-concept than boys (Herbert & Stipek, 2005). Studies consistently find that once gender
differences in math self-concept emerge, they do not appear to increase over time (Jacobs et al., 2002; Fredricks & Eccles, 2002; Nagy
etal., 2010; Sewasew et al., 2018; Wigfield et al., 1997). Together, these findings show that gender differences in math self-concept are
not consistently found until late in elementary school as was the case for math anxiety.

Researchers have hypothesized that cultural context plays a role in whether there are gender differences in math self-concept, as
well as when these differences emerge (Nagy et al., 2010; Wigfield et al., 2015). In a meta-analysis of two international datasets, PISA
and Trends in International Mathematics and Science Study (TIMSS), 14- to 16-year-old boys across 69 countries reported math self-
concepts that were one third of a standard deviation higher than girls’ (Else-Quest et al., 2010). Surprisingly, gender differences in
math self-concept were larger in countries that had greater gender equity, similar to findings for math anxiety and math-gender
stereotypes (see Math Anxiety and Math-Gender Stereotypes sections). In contrast, in a study of 15-year-old students across 23
countries, girls in countries with greater gender diversity in STEM careers reported higher math self-concepts than girls in countries
with less gender diversity in STEM, controlling for achievement at the individual and school levels (Niepel et al., 2019). It could be that
the measure used by Else-Quest et al. (2010) to determine societal gender equity is not as directly relevant to girls’ math self-concept as
gender diversity in STEM careers. Thus, while societal gender equity predicts larger gender differences in math self-concept, greater
gender diversity in STEM careers predicts smaller gender differences in math self-concept. These findings are informative in terms of
showing the kinds of information (e.g., female role models) that could help close the gender gap in math self-concept, and perhaps
other math attitudes.

Conclusions. In sum, adolescent girls’ math self-concept is lower than boys’, even though there is not a gender difference in math
achievement. There is some evidence that small mean-level gender differences in math self-concept emerge much earlier, by
kindergarten and 1st grade, mirroring findings with math anxiety. Once the gender difference in math self-concept emerges it appears
to remain stable. Importantly, the gender difference in math self-concept varies across countries, at least for adolescents, and re-
searchers are beginning to uncover factors that could contribute to these differences.

Key socializers

Parents. According to SEVT, children’s math self-concept and math achievement-related outcomes are influenced by their parents’
child-specific math beliefs (e.g., their expectations about how well their child will do in math and how valuable they think math is for
their child; Eccles & Wigfield, 2020; Wigfield et al., 2006, 2015). Parents’ child-specific math beliefs are evident quite early and can
have long-term effects on children’s math self-concept, math achievement, and career choices. For example, parents’ child-specific
math beliefs predict children’s math self-concept and math achievement as early as 1st grade (Fredricks & Eccles, 2002; Wigfield
etal., 1997). The relation of parents’ math expectations to their children’s math self-concept may become stronger over time, as shown
by a study of parents and their 1st to 6th grade children (Wigfield et al., 1997). Further, parents’ math expectations moderate the rate
and magnitude of the decline in children’s math self-concept from elementary to high school and predict children’s future career
choices (Bleeker & Jacobs, 2004; Wigfield et al., 2006, 2015). Strikingly, parents’ child-specific math beliefs predict adolescents’ math
self-concept more strongly than children’s previous math achievement (Jacobs, 1991). It is important to increase our understanding of
how parents’ child-specific math beliefs influence their children’s math self-concept and math achievement.

Mechanisms. Parents’ child-specific math beliefs predict the activities they engage in with their young children and adolescents
(Simpkins et al., 2012; for reviews see Wigfield et al., 2006, 2015; see Fig. 1). In addition, a separate line of research shows that as
early as the toddler years, parents’ interactions with their children—specifically parents’ frequent high quality number
talk—predict children’s foundational number knowledge (Gunderson & Levine, 2011; Levine et al., 2010; see Fig. 1). Examining
how parents’ child-specific math beliefs (e.g., their expectations and value of their child’s math success) influence the quality of
early parent—child math interactions is an important research direction. This approach could enhance our understanding of the
mechanisms through which parents’ child-specific math beliefs influence children’s math achievement-related outcomes.

There is some evidence that parents’ math-related behaviors predict their elementary school children’s math attitudes. Specifically,
in a longitudinal study that controlled for family SES and children’s math achievement, mothers’ self-reported math-related behaviors
(e.g., provision of math-related materials and encouragement of participation in math) predicted their 2nd through 4th grade chil-
dren’s math task-value one year later (Simpkins et al., 2012). However, mothers’ math-related behaviors did not significantly predict
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children’s math self-concept. This finding does not rule out the possibility that key socializers’ math-related behaviors predict chil-
dren’s math self-concept. For example, math self-concept may be more related to qualitative aspects of math interactions that are not
captured by questionnaires. Observing and coding qualitative aspects of parent-child math interactions during non-school math ac-
tivities and during higher pressure situations such as homework help (e.g., response to errors, praise and criticism, verbal and
nonverbal cues that convey math attitudes) would provide information about whether parents’ math-related behaviors—and what
type of behaviors—may influence their children’s math self-concepts and math achievement.

Teachers. Like parents, teachers’ perceptions of their students’ math ability predict students’ math self-concept and interest in
math during the elementary school years (Upadyaya & Eccles, 2015; Upadyaya et al., 2014). Further, teachers’ math expectations
predicted 5th grade students’ math achievement controlling for students’ prior math achievement, a relation that was partially
mediated by students’ math self-concept (Friedrich et al., 2015). As was the case for parents, the relation of teachers’ math expec-
tations and children’s math self-concept may become stronger over development, as shown by a study of 1st to 6th grade students
(Wigfield et al., 1997). Thus, over development, children may be increasingly internalizing the math expectations of key socializers.

Different Expectations and Value of Math for Boys and Girls. Parents and teachers tend to have lower expectations of math for
girls than boys across a wide range of ages, beginning in elementary school, even though there are no gender differences in their math
achievement (Eccles et al., 2000; Herbert & Stipek, 2005; Jacobs, 1991; Mizala et al., 2015; Tiedemann, 2000b; Upadyaya et al., 2014).
Further, elementary school teachers’ lower perceptions of girls’ than boys’ math ability predict an increase in the gender-related math
achievement gap (favoring boys) between boys and girls who had performed similarly earlier in development (Lubienski et al., 2013;
Robinson-Cimpian et al., 2014). Additionally, parents value math competence more for their high school boys than for their high
school girls, even in countries where mothers have relatively high representation in STEM careers (Stoet et al., 2016). Moreover,
children are aware that key socializers’ hold more positive beliefs about boys’ than girls’ math ability. For example, a study of 4th and
6th grade students in Israel showed that girls believe their parents and teachers think they are worse at math than boys (Markovits &
Forgasz, 2017). Additionally, girls perceive their math achievement as being less important to their parents than boys do, a gender
difference that is larger in more developed countries (Stoet et al., 2016).

Conclusions. Key socializers’ child-specific math beliefs are related to children’s math self-concept and math achievement. Key
socializers’ math-related behaviors are likely playing a role in this relation, but more work is needed to understand what specific
behaviors influence children’s math self-concept. Further, key socializers have lower math expectations and think math is less valuable
for girls than boys, which could explain why girls have a lower math self-concept than boys.

Key socializers’ child-specific math beliefs may be influenced by their self-relevant math attitudes (e.g., math anxiety) and general
math attitudes (e.g., math-gender stereotypes as discussed in the section on that topic), which may influence their math-related
behavior and differential math-engagement with boys versus girls. In turn, these behaviors may influence children’s math attitudes
and achievement. To increase our understanding of how key socializers’ math attitudes affect children’s math attitudes and
achievement, we need to more closely examine the nature of children’s math interactions with key socializers.

Interventions

Improving Domain-Specific Self-Concept. Domain-specific self-concepts have been found to be malleable. A meta-analysis of
students from elementary to high school showed that domain-specific interventions are particularly effective when they involve praise-
feedback—which relates to children’s mindsets. However, consistent with Dweck’s theory, certain kinds of praise were more effective
than others (see Mindset/Implicit Theory section; O’Mara et al., 2006). Interventions were also more effective when they were
administered by a teacher than an experimenter. This finding suggests that key socializers’ behavior (e.g., praise-feedback) could
improve children’s domain-specific self-concepts. Further, an intervention in which teachers provided their middle school students
with feedback indicating that they held high expectations for their achievement and believed they would meet those expectations
improved students’ likelihood of submitting an assignment and the quality of the assignment, particularly for African American
students who mistrusted their school (Yeager et al., 2014). Together, these findings suggest that specific aspects of socializer-child
interactions may influence children’s math attitudes and achievement. Thus, one way to improve children’s math attitudes and
achievement may be through positive math interactions with key socializers who hold high expectations for children’s math
achievement.

Improving Parents’ Child-Specific Math Beliefs. Parents’ child-specific math beliefs also have been found to be malleable. A
math app designed for parents and 1st graders to engage in together, which we discussed in the Math Anxiety section, increased
parents’ expectations and value of math for their children (Schaeffer et al., 2018; see EMAA model, Fig. 1). Further, the
intervention eliminated the relation between parents’ higher math anxiety and their lower math expectations and value. Moreover,
breaking this link helped explain why the intervention improved the long-term math achievement of children whose parents had
high math anxiety. This finding suggests that providing parents with math activities that promote positive math interactions with their
children improves parents’ child-specific math beliefs, which in turn improves children’s math achievement.

Improving Children’s Identification with Math. We discuss an intervention that targeted another important math attitude:
identification with math (Cvencek et al., 2020). The intervention was administered to 3rd graders in Madrid. Children in the inter-
vention group a) heard positive attributes about their in-group’s math achievement, b) physically approached math by pulling a lever
toward themselves for math words and away from themselves for non-math words, c) heard interesting sound cues linked to math, and
d) expressed that they are good at math and that math is important for them. Compared to a control condition, the intervention
increased children’s implicit (i.e., how much they linked “me” with “math”) and explicit identification with math. The promising
results of this intervention raise the question of whether certain elements of this intervention (e.g., having children express that they
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are good at math) would also improve children’s math self-concept.

Conclusions. Domain-specific self-concept is malleable. One effective way to improve children’s math self-concept may be through
supporting positive math interactions with key socializers. Interventions that focus on children themselves also show promise. It is
possible that combining these approaches would yield more powerful effects than either approach alone. Whether the effectiveness of
different interventions varies by children’s age or culture are important areas for future research.

What we know and questions for future research

By 1st grade—and perhaps by preschool—math self-concept predicts math achievement. Similar to findings with math anxiety, this
link may emerge by math achievement-related experiences first influencing math self-concept (see Fig. 1). We reiterate that an
important next step is to understand how children are interpreting their math achievement-related experiences. For instance, the
classroom environment and emphasis on comparisons of students’ performance may play a role in children’s math self-concept. In-
terventions may be more successful at improving children’s math self-concept and ensuring they maintain a high math self-concept, if
they take both a cognitive and affective approach by targeting math self-concept (how students feel about their math ability) as well as
math achievement and children’s interpretation of their math achievement-related experiences (improving children’s learning and
their focus on growth of their math skills). This combined approach may be particularly effective in the long-term because improving
math self-concept without improving math achievement could result in unrealistic high beliefs about math achievement. To better
understand the mechanisms underlying the math achievement * math self-concept relation, researchers have suggested the use of
interviews, diaries, and observations (Eccles & Wigfield, 2020). These methods could provide insight into children’s beliefs about
whether math ability, including their own, is fixed or malleable. In addition, these methods could shed light on how they interpret their
math achievement-related experiences and the messages key socializers convey.

Indeed, key socializers’ child-specific math beliefs play an important role in children’s math self-concept and math achievement,
perhaps because their child-specific math beliefs predict the quantity and quality of math behaviors they engage in with children (see
Fig. 1). Interventions targeting math attitudes and math behaviors in both key socializers and children could be particularly effective in
breaking the link between key socializers’ negative math attitudes and children’s negative math attitudes and lower math achieve-
ment. As is the case for math anxiety, girls have a more negative math self-concept than boys by 5th grade—and perhaps by
kindergarten or 1st grade—which could potentially be explained by the lower math expectations key socializers hold for the math
success of girls than boys. We further discuss the relations of key socializers’ math-gender stereotypes, their gender-biased math
expectations and their gender-biased math behaviors in the Math-Gender Stereotypes section.

Another question in need of exploration is whether and how young children’s math self-concept relates to their math behaviors.
Understanding whether young children’s low math self-concept is associated with avoidance within math situations could improve our
understanding of whether math self-concept influences behaviors important for math learning (e.g., practice solving problems; using
advanced math strategies; engagement with math activities at home).

The math anxiety * math self-concept relation raises the question of whether one of these math attitudes influences the other.
Understanding the direction of this relation could inform our understanding of whether intervening on one of these math attitudes is
more likely to influence the other than vice versa. Further, it is important to examine the relation of mindset with each of these math
attitudes, as mindset is malleable and linked to learning behaviors. Thus, it is possible that mindset interventions might also increase
math self-concept and decrease math anxiety.

Mindset/Implicit Theory

An influential motivational theory, developed by Dweck and colleagues, posits that people differ in their mindset about intelli-
gence, with some espousing a growth mindset of intelligence (also referred to as an incremental theory), believing intelligence is
malleable, and others espousing a fixed mindset of intelligence (also referred to as an entity theory), believing that intelligence is
unchangeable (e.g., Dweck, 1999; 2003; 2008; Dweck & Leggett, 1988; Dweck & Yeager, 2019). Importantly, mindset has been found
to be part of a motivational framework associated with a set of beliefs and behaviors that are either adaptive or maladaptive. People
with a growth mindset are thought to have an adaptive motivational framework that is characterized by having learning goals and a
preference for challenging tasks that can improve ability, a belief that high effort improves ability, and a mastery orientation in the face
of failure. In contrast, people who have a fixed mindset are thought to have a maladaptive motivational framework that is charac-
terized by having performance goals and a preference for easy tasks that allow one to prove one’s ability, a view that high effort
signifies low ability, and a helpless orientation in the face of failure (see Dweck & Yeager, 2019 for review). Over time, these adaptive
and maladaptive frameworks are associated with different levels of learning and achievement, including math achievement (e.g.,
Blackwell et al., 2007; Dweck & Elliott, 1983; Hong et al., 1999).

Numerous studies and meta-analyses find a relation between mindset and a wide range of academic outcomes, including
achievement levels, achievement goals, learning strategies, and expectations for success (Burnette et al., 2013; Sisk et al., 2018).
However, meta-analyses show that these relations are small and heterogeneous, typically found for students who are lower achieving
and from lower SES backgrounds but not other groups (Sisk et al, 2018). This finding is consistent with Dweck’s theory that mindset is
most important in the face of challenge, and thus it makes sense that groups who experience academic challenges are most affected by
mindset (e.g., Blackwell et al., 2007; Dweck, 1986; 2007; 2008).

Our review focuses on the growing body of research on the early development of motivational frameworks, and the relation of these
attitudes to children’s math achievement Children’s motivational framework is typically measured by asking mindset questions about
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whether abilities are fixed versus changeable and by asking questions about learning versus performance goals, which tap children’s
focus on improving or proving their abilities, respectively. Unlike math anxiety and math self-concept, these questions typically focus
on general ability/intelligence, rather than specifically on math ability. Nonetheless, mindset has been posited to be particularly
important for success in math because mindset is particularly important for challenging tasks, and math is commonly viewed as
challenging (Blackwell et al., 2007; Dweck, 1986; 2007; 2008; Gunderson et al., 2017; Licht & Dweck, 1984; Eccles et al., 1993;
Stodolsky et al., 1991; Yeager & Dweck, 2012; Yeager et al., 2019).

To preview the findings of our review, children’s motivational framework emerges by 1st grade, and by this time they have a more
fixed mindset about adult jobs that require math than about adult jobs that require reading (Gunderson et al., 2017). Our review also
shows that children’s achievement goals — performance or learning — may be more tightly linked to their math achievement than is
their mindset. Further, mindset and achievement goals may be less related in young children than in older children, a finding
consistent with Dweck’s (2002) proposal that elements of young children’s motivational frameworks may not be as cohesive as those of
older children and adults. Another important finding is that similar to math anxiety and math self-concept, children’s early math
achievement predicts their later mindset/motivational framework more strongly than the reverse, highlighting the importance of early
math learning (Gunderson, Park, et al., 2018). In terms of gender differences, there is evidence that girls have a more fixed motiva-
tional framework than boys. Moreover, by middle school, having a growth mindset is more important for girls than boys in terms of
math outcomes. Finally, there is evidence that the key socializers’ mindsets are related to their behaviors, which in turn contribute to
children’s achievement (e.g., Dweck, 2008; Wigfield et al., 2015; Park et al., 2016). In terms of mindset interventions, there has been
little work with young children, and an important question is whether initiating mindset/motivational framework interventions early,
before the components of the framework are tightly intertwined, leads to more robust math outcomes.

Development of mindset/implicit theory

Emergence and Developmental Changes in Mindset/Motivational Framework. Studies with young children indicate that
mindset about intelligence emerges by early elementary school and perhaps as early as preschool (e.g., Cain & Dweck, 1995; Cimpian
et al., 2007; Gunderson et al., 2013; Gunderson, Park, et al., 2018; Gunderson, Donnellan et al., 2018; Good et al., 2003; Kinlaw &
Kurtz-Costes, 2007; Miele et al., 2013).

Perhaps related to young children’s strong essentialist beliefs (e.g., Gelman et al., 2007), many studies report that growth mindsets
are stronger in older than younger elementary school children (Park et al., 2016; Gonida et al., 2006; Gunderson et al., 2017; Gun-
derson, Donnllan, et al., 2018; Haimovitz et al., 2011; Muradoglu & Cimpian, 2020; Pomerantz & Saxon, 2001; Stipek & Gralinski,
1991). For example, Stipek & Gralinski (1991) found a decrease in children’s fixed mindset between 3rd and 6th grades. However,
other studies do not find developmental differences in mindset during the elementary school years (Bempechat et al., 1991; Kinlaw &
Kurtz-Costes, 2007; Pomerantz & Ruble, 1997). There is also some indication that the developmental shift toward a stronger growth
mindset may not be linear, as adolescents and adults in the U.S. and China have a more fixed mindset than younger children (Ablard &
Mills, 1996; Cheng & Hau, 2003). Considered together, these findings suggest a U-shaped curve such that mindset moves from being
more fixed to more growth oriented over the course of elementary school, and then becomes more fixed again during adolescence,
perhaps associated with the transition to the more competitive environments of middle and high school.

Development of Ability Conceptions. When children of different ages are asked questions about mindset about intelligence/ability,
their answers may be influenced by their conception of ability — do they differentiate ability and effort or think of these constructs as
one and the same. This is a debated issue in the field. Some researchers report that 4- to 5-year-olds, like older children, believe that a
child who succeeds on a task with less effort has higher ability than a child who achieves the same success with more effort (Muradoglu
& Cimpian, 2020; Sierksma & Shutts, 2020). In contrast, other researchers find that children are more likely to conflate ability and
effort (greater ability = greater effort) until at least 5th grade (e.g., Droege & Stipek, 1993; Folmer et al., 2008; Rholes & Ruble, 1984;
Nicholls, 1978; Nicholls & Miller, 1984; Pomerantz & Ruble, 1997; see Dweck, 2002; Muenks & Miele, 2017 for reviews). Further,
there is evidence that young children’s mindsets are organized around general notions of “goodness-badness” rather than around
ability (Frey & Ruble, 1985; Heyman et al., 1992; Heyman & Dweck, 1998; Stipek and Daniels, 1990; see Dweck, 2002 for review). In
addition, young children are generally more optimistic about their abilities than older children, and perhaps related to this, math
attitudes are less closely related to math achievement in younger children than older children (Benenson & Dweck, 1986; Nicholls &
Miller, 1984; Eccles et al., 1993; Gunderson, Park, et al., 2018; see Dweck, 2002 for review).

In addition to developmental changes in how children think about the relation of ability tand effort, there also appear to be dif-
ferences that depend on timeframe and context (e.g., Muenks & Miele, 2017; Nicholls, 1978; Nicholls & Miller, 1984). For example,
individuals may believe that high effort is associated with lower ability in the short run but may believe that high effort is associated
with higher ability in the long run. In addition, subject matter and associated teaching practices may play a role in individuals’
perception of the relation of effort and ability. Notably, in outcome-focused, competitive classroom environments, which are common
in math, effort and ability may be viewed as negatively related whereas this may not be the case in discussion-based language arts and
social studies classes. Further, mindset appears to be related to how the effort * ability relation is viewed when the relation is
ambiguous (e.g., Student A who only studies right before a test ranks 10th whereas Student B, who is a diligent student, ranks 1st).
Undergraduates in Hong Kong with a growth mindset were equally likely to decide that Student A or Student B is smarter whereas
those with a fixed mindset were less likely to select Student B than Student A as smarter. This pattern is consistent with the tendency of
individuals with a fixed mindset to associate high effort with low ability (Hong et al., 1999).

In considrering developmental change in mindset, it is important to consider children’s conception of ability as well as these other
factors. For example, young children may think of ability as effort, perhaps because effort is more observable than ability and/or
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because early learning environments are more likely to emphasize effort than those of older children (Dweck, 2002; Eccles et al., 1984;
Muradoglu & Cimpian, 2020; Rosenholtz & Rosenholtz, 1981; Stipek & Daniels, 1988). Morevoer, if they conflate ability and effort,
their answers to mindset questions may actually reflect their thinking about effort rather than about ability. For example, when they
are asked a mindset question such as “You can’t really change how smart you are” they may think they are being asked about whether
you can change how hard you work. If this is the case, it would influence our interpretation of what appears to be an increase in growth
mindset over the course of elementary school.

Development of Motivational Frameworks. There is also evidence that children’s motivational frameworks become more cohesive
(i.e., its elements become more inter-connected) during elementary school. This is shown by increases in the strength of the relations
between their mindset, achievement goals, and responses to failure (Dweck, 2002; 2003; Kinlaw & Kurtz-Costes, 2007). For example,
Kinlaw & Kurtz-Costes (2007) found that 2nd and 4th graders’ mindsets and achievement goals (i.e., growth mindset and learning
goals and fixed mindset and performance goals) were more strongly related than kindergarteners’.

Developmental change in the cohesiveness of motivational frameworks is also supported by older children showing a stronger
relation of mindset to mastery versus helpless responses following failure than younger children (Cain & Dweck, 1995; Kinlaw & Kurtz-
Costes, 2007). For example, Cain and Dweck (1995) found that 5th graders’ mindset was significantly related to their helpless versus
mastery responses after failure, but this was not the case for 1st and 3rd graders (Cain & Dweck, 1995). However, when 1st graders in
this study were asked why some students perform well in school and others do not, those who showed a helpless response after failure
were likely to provide explanations that focused on outcomes (e.g., students get a lot right or wrong), whereas those who showed a
mastery response after failure were likely to provide explanations that focused on process (e.g., students study a lot). Cain and Dweck
(1995) suggest that differences in young children’s outcome versus process focus (which may be related to performance versus
learning goals, respectively) may be foundational to building maladaptive or adaptive motivational frameworks that are only later
connected to mindset. Consistent with this possibility, in a longitudinal study of 4th to 6th graders, Pomerantz and Saxon (2001) found
that earlier achievement goals significantly predicted later mindset whereas earlier mindset did not predict later achievement goals.

Surprisingly, however, a study of 1st to 8th graders found that mindset and achievement goals were not significantly related in any
age group (Gunderson, Donnellan, et al., 2018). Differences in study results might be explained by the use of different measures to
assess children’s achievement goals. Notably, Gunderson, Donnellan et al. (2018) used abstract questions (e.g., “I like school work that
I'll learn from even if I make a lot of mistakes™), which were likely more difficult for children than the more concrete question used by
Kinlaw and Kurtz-Costes (2007; e.g., “How much would you like to do mazes that are “very hard” so you could “learn more about doing
mazes?”). Disparities in findings across studies underline the need to examine children’s answers to differently worded questions about
ability that aim to assess the same underlying construct, e.g., the different questions used in these two studies aimed to assess learning
goals. These findings also raise the possibility that some children have a more mixed motivational framework, with certain elements
consistent with a growth mindset and others consistent with a fixed mindset.

Considered together, these findings highlight the need for longitudinal studies that assess different elements of children’s moti-
vational framework (mindset, achievement goals, responses to failure, and ability conceptions). Such studies are essential to gaining a
more complete understanding of the development of motivational frameworks and their relation to achievement. Additionally, to
understand whether mindset/motivational frameworks develop differently for math than for other academic subjects, it is important to
gather this information for multiple academic domains.

Mindset About Math Ability. Multiple researchers have suggested that mindset about ability is domain specific, with mindset
about math ability being more fixed than mindset about other academic abilities (e.g., Blackwell et al., 2007; Dweck, 1986; 2007;
2008; Gunderson et al., 2017; Licht & Dweck, 1984). However, only a few studies have examined the domain specificity of mindset in
children of different ages. Gunderson et al. (2017) found that 1st to 2nd graders, 5th to 6th graders, 10th to 11th graders, and college
students have a stronger fixed mindset about math ability than about reading/writing ability when asked about adult jobs that require
these skills. However, unlike high school and college students, the younger groups did not hold different mindsets for math success
versus reading/writing success in their own grade. Gunderson et al. (2017) suggest that children may first apply socially learned beliefs
to the group that taught them these beliefs (e.g., to adults) or alternatively they may not view the math they are learning as particularly
difficult, and therefore may not yet have a more fixed mindset about math ability versus reading ability for children in their grade
(Dweck, 2003; Licht & Dweck, 1984).

In contrast to Gunderson et al.’s (2017) findings, Stipek and Gralinski (1991) found that children’s mindsets about math and social
studies abilites were highly related, loading onto a single factor. This may be because children were thinking about math in their own
grade rather than adult jobs that require math. In general, while researchers have posited that mindset about math may be more fixed
than mindset about other academic domains, we need to determine whether this depends on whether participants are thinking about
children’s or adults’ abilities. Moreover, if domain differences are found, we need to understand the factors that contribute to these
differences (e.g., whether or not children think of math as a particularly difficult subject).

Relation of Mindset/Motivational Framework and Math Achievement Outcomes. Many studies find that mindset is related to
math achievement-related outcomes, including test scores, grades, and beginning in middle school, math course taking (Aronson et al.,
2002; Blackwell et al., 2007; Claro et al., 2016; Gunderson et al., 2017; Romero et al., 2014). For example, students with a growth
mindset about intelligence showed improvement in math grades between the fall of 7th grade and the spring of 8th grade controlling
for initial math achievement, whereas those with a fixed mindset did not (Blackwell et al., 2007). Similarly, a longitudinal study
showed that 6th graders with a growth mindset had higher grades overall and took more advanced math courses through the fall of 8th
grade, an important predictor of future STEM achievement (Romero et al., 2014). Another study found that the mindset * math
achievement relation is moderated by math achievement level, such that having a fixed mindset in 10th grade negatively predicted
math achievement in 12th grade controlling for 10th grade math achievement, but this was only the case for students in the bottom
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quartile of math achievement (Hwang et al., 2019). Of note, this finding is consistent with intervention studies and meta-analyses,
which show that mindset is more consequential for the achievement outcomes of lower performing students (e.g., Sisk et al., 2018;
Yeager et al., 2019).

Suggesting that the mindset * math achievement relation may first emerge sometime between 6th and 10th grades, Gunderson et al.
(2017) examined the relation of mindset to math grades across a broad age range and found a relation of mindset and math grades in
10th-11th graders and college students but not in 1st-2nd graders or 5th-6th graders. In another study, Gunderson and colleagues
found that 1st and 2nd graders’ math achievement predicted the achievement goal but not the mindset component of their motiva-
tional framework (Gunderson, Park, et al., 2018; Park et al., 2016). Taken together, these findings suggest that children’s early math
achievement may be more closely related to their achievement goals than to their mindset (Cain & Dweck, 1995; Pomerantz & Saxon,
2001).

The fact that there is a relation between young children’s early math achievement and etheir achievement goals raises the question
of causality. Do learning goals lead to higher math achievement, does higher math achievement lead to learning goals, or is this
relation bidirectional? Gunderson, Park, et al. (2018) examined this question in a lagged longitudinal study, testing 1st and 2nd
graders in the fall and spring of the school year. Their findings show a reciprocal relation between math achievement and the
achievement goal orientation component of motivational framework, but the relation of fall math achievement to spring achievement
goal was stronger than the reverse, by a factor of more than 2. In contrast, fall math achievement predicted spring mindset but fall
mindset did not predict spring achievement. These findings echoes the math achievement * math attitude relations found for math
anxiety and math self-concept (e.g., Arens et al., 2016; Ganley & Lubienski, 2016; Gunderson, Park, et al., 2018), suggesting that early
math achievement sets the stage for positive or negative math attitudes. As pointed out by Gunderson, Park, et al. (2018), these
findings suggest that children’s optimism about their abilities does not shield them from their actual early math achievement having
consequences for their math attitudes and motivations.

Domain Specificity of the Relation of Mindset/Motivational Framework and Math Achievement. Although many studies
report a relation between mindset about intelligence and math achievement, only a few studies have examined whether this relation is
domain specific. There are multiple reasons why mindset may be more related to math achievement than to achievement in other
academic subjects. First, people commonly believe that success in math requires a special talent or brilliance, which is consistent with
having a fixed mindset about math ability (Leslie et al., 2015; Meyer et al., 2015). In addition, many researchers have hypothesized
that mindset may be more strongly related to math achievement because math is commonly viewed to be a challenging subject and
mindset is most important in the face of challenge (Dweck, 1986; 2007; Licht & Dweck, 1984; Eccles et al., 1983; Stodolsky et al.,
1991).

Is there evidence that mindset is more important to math achievement than to achievement in other academic subjects? Results of a
lagged correlational study with 1st and 2nd grade children indicates that having an incremental motivational framework at the
beginning of the school year predicted higher math achievement—but not higher reading achievement—at the end of the school year
(Gunderson, Donnellan, et al., 2018). This finding may reflect the importance of an adaptive motivational framework for math
achievement, perhaps because children view math as more challenging than reading in these early grades (e.g., Dweck, 1986; Licht &
Dweck, 1984; Stipek & Gralinski, 1996).

A large mindset intervention study with 9th grade students also examined the question of the domain specificity of mindset.
Findings showed similar positive effects for core grades (math, science, English/language arts, and social studies) and for math and
science grades considered separately. As pre-registered, these effects were specific to lower-achieving students, in line with previous
findings and theories that posit a growth mindset is most important in the face of challenge (Yeager et al., 2019). However, the
intervention did result in increased frequency of advanced math course-taking, an effect that was not moderated by students’
achievement level. If this change in course-taking is specific to math, this would support the hypothesis that mindset is especially
important to math outcomes.

Other studies have addressed a different question about the specificity of the mindset * math relationship, asking whether mindset
about math ability is more closely related to math achievement than mindset about general intelligence. In support of this possibility.
Burkley et al. (2010) found that female undergraduates with a fixed mindset about math ability reported less identification with math,
less interest in pursuing a math major or career, and less enjoyment of math after receiving negative feedback about their performance
on a math test described as measuring “natural math ability,” relations that held controlling for mindset about intelligence. It is not
known whether this is also true for males, for younger students, and outside of a failure feedback context. Similarly, Gunderson et al.
(2017) found that high school and college students’ mindset about math ability was positively related to their math competence
beliefs, math enjoyment, and math grades, controlling for their mindset about reading/writing ability. Gunderson et al. (2017) also
examined these relations in 1st to 2nd graders and 5th to 6th graders but did not find any significant relation of mindset about math
ability or mindset about reading/writing ability to math achievement, consistent with the view that other aspects of children’s
motivational framework (i.e., their achievement goals) may be more connected to math outcomes at early ages (Dweck, 2002;
Gunderson, Park et al, 2018).

Relation of Mindset/Motivational Framework to Other Math Attitudes. Gunderson, Park, et al. (2018) examined the relation
of 1st and 2nd graders’ motivational framework (mindset and achievement goals) and their math anxiety. Fall entity framework
predicted spring math anxiety but the reverse was not the case. Separating the components of the framework, findings showed that fall
performance goals significantly predicted spring math anxiety but fall fixed mindset did not predict spring math anxiety. A study of
high school students in Romania found that mindset about intelligence and mindset about math ability were both related to math self-
efficacy (i.e., confidence in one’s ability to perform well in math; Todor, 2014). An unanswered question is whether this relation is also
present in younger children or whether mindset, either about intelligence or math ability in particular, only becomes related to other
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math attitudes later in development.

Based on our review, we hypothesize that the achievement goal component of motivational frameworks may be foundational to
math anxiety, in line with our proposed EMAA model (see Fig. 1). That is, when children embrace learning goals with respect to math,
this may lead to lower math anxiety, moreso than lower math anxiety leads children to embrace learning goals. This hypothesis could
be tested by examining whether intervening on achievement goals leads to lower math anxiety whereas intervening on math anxiety
does not increase learning goals.

Conclusions. Early math achievement predicts achievement goals (learning versus performance) more strongly than the reverse,
as was the case for math anxiety and math self-concept. Thus, children’s early math achievement may be fundamental in setting their
math attitudes on a positive or negative trajectory, with these relations becoming bidirectional by adolescence. Children’s achieve-
ment goals, in turn, are predictive of their math anxiety by early elementary school, a relationship that is directional rather than
reciprocal. In contrast, the mindset component of young children’s motivational framework does not predict children’s math
achievement or their math anxiety. However, by middle school, having a growth mindset predicts children’s math achievement,
particularly in the face of challenge.

There is also evidence that young children may hold a more fixed mindset about math ability than about reading/writing ability by
early elementary school, at least when they consider what it takes for adults to succeed in math-intensive careers. Asking children a
broad range of questions about math versus reading/writing ability (e.g., Does someone’s ability change when they change schools?
Does a student who works hard and gets a perfect score have more/less ability than a student who gets a perfect score without working
hard?) would advance our understanding of how children conceptualize abilities in different academic domains (Pomerantz & Ruble,
1997). Further, interviewing children about their own successes and failures in different academic domains could inform our un-
derstanding of the development of motivational frameworks and how these relate to achievement.

Another way to extend work on the development of motivational frameworks and its relation to math outcomes is to examine the
development of interest mindsets — the belief that interests are relatively unchangeable (fixed mindset about interests) or develop
(growth mindset about interests). Research with college students shows that mindset about interests (e.g., interests are intrinsic and
need to be discovered (fixed) or interests need to be cultivated) (growth)) have consequences for maintaining interest in the face of
challenge, controlling for mindset about ability (e.g., O’Keefe & Harackiewicz, 2017; O’Keefe et al., 2018). Given that math is a
challenging subject for many students, it is important to assess when mindset about interest in math develops and how this relates to
mindset about math ability and to math achievement.

Gender differences

Gender Differences in Mindset. Some studies find that females have a more fixed mindset than males (Dweck et al., 1978;
Gunderson et al., 2013; Gunderson, Park, et al., 2018; Hyde, Fennema, Ryan, Frost, & Hopp, 1990; Stipek & Gralinski, 1991; Todor,
2014; Verniers & Martinot, 2015), but other studies report that there is no gender differences in mindset (Ablard & Mills, 1996;
Ahmavaara & Houston, 2007; Gunderson et al., 2017; Hwang et al., 2019; Romero et al., 2014). These inconsistencies may be
attributable to variations in how mindset is measured (Verniers & Martinot, 2015), to socio-cultural differences, or to inadequate
power to detect a small, but real gender difference. Importantly, although there are inconsistencies, studies that find a gender dif-
ference generally report that females have more of a fixed mindset/motivational framework than males.

Gender Differences in Ability/Effort Attributions. A meta-analysis examining math-related attitudes across a broad range of
ages from childhood to adulthood showed that females are more likely than males to attribute failure in math to a lack of ability (d =
—0.23; Hyde, Fennema, Ryan et al., 1990). This makes sense since having a fixed mindset is most consequential in the face of failure
and females may hold a more fixed mindset than males as summarized above. Hyde, Fennema, Ryan et al. (1990) also found that males
are more likely than females to attribute success in math to ability (d = 0.35). Importantly, the female pattern of attribution-
s—attributing failure in math to lack of ability and success in math to effort—is associated with a learned helplessness orientation,
which is more common in females and is associated with a fixed mindset and low expectations for success (Licht & Dweck, 1984;
Ryckman & Peckham, 1987).

Gender Differences in the Strength of the Mindset * Math Achievement Relation. Dweck (2007) hypothesized that having a
fixed mindset may be more harmful to the math achievement of females than males. This is because females with a fixed mindset are
particularly likely to display a helpless response when they confront difficulties or confusion, which commonly arise during math
learning (also see Licht & Dweck, 1984). The flip side of this is that a growth mindset may buffer female students’ tendency to adopt a
helpless response when they experience difficulties (e.g., when math concepts are challenging). Consistent with this hypothesis, Degol
et al. (2018) found that the math grades of high school boys and girls with a fixed mindset did not differ, whereas the math grades of
girls with a growth mindset were higher than those of boys with a growth mindset (Gunderson, Park, et al., 2018). This gender by
mindset interaction was fully mediated by expectancies for success in math, which were more strongly associated with girls’ than boys’
growth mindset.

In terms of development, young boys and girls may not differ in terms of the consequences of having a fixed versus growth mindset/
motivational framework. That is, even though 1st and 2nd grade girls had a more fixed motivational framework than boys at the
beginning of the school year, driven by boys’ greater preference for challenging tasks, there was no gender difference in how moti-
vational framework related to end of school year math achievement (Gunderson, Park, et al., 2018).

Gender Differences in the Relation of Mindset/Motivational Framework to Other Math Attitudes. There is no evidence that
males’ and females’ motivational frameworks relate differently to their math attitudes, but research on this topic is limited. In a study
of 1st and 2nd graders, Gunderson, Park et al. (2018) found that fall achievement goals, but not mindset, predicted spring math anxiety
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and there was not a gender difference in this relation. There is evidence of a gender difference in the relation of mindset to math
achievement and math interests by middle school. Notably, Huang et al. (2019) examined how 7th graders’ mindset, math anxiety, and
math self-efficacy relate to each other and to students’ math and science career interests, controlling for math achievement. Path
analyses revealed that for both boys and girls, math self-efficacy was negatively related to math anxiety and positively related to
having a growth mindset. However, as would be expected, boys with higher math achievement had lower math anxiety, a stronger
growth mindset, and higher career interests in math and science than boys with lower math achievement. In contrast, girls’ math
achievement was not significantly related to their math attitudes or to their math and science career interests. This may be because
math-gender stereotypes disrupt these expected relations for girls, a topic we consider in the next section (Jacobs, 2005). Further, for
boys, the association of growth mindset with math and science career interests was mediated by their math self-efficacy, whereas this
was not the case for girls. In fact, girls’ math self-efficacy was not related to their math and science career interests. These findings
suggest that by middle school, relations between math achievement, multiple math attitudes, and STEM career interests differ for boys
and girls. Importantly, understanding the development of math attitude * math achievement relations in boys and girls holds promise
for elucidating gender differences in STEM career interests.

Conclusions. In sum, there is not strong evidence of an early gender difference in mindset, although studies that report a difference
report that girls have more of a fixed mindset than boys. However, having a growth mindset may be more important for girls’ than
boys’ math outcomes by middle school, perhaps because it decreases girls’ tendency to adopt a helpless response and protects them
from the negative effects of math-gender stereotypes.

Key socializers

Surprisingly, there is little or no relation between the mindset of key socializers and the mindset/motivational framework of
children. Instead, experimental and field studies indicate that key socializers with different mindsets tend to engage in different be-
haviors with children, and it is these behaviors that are related to children’s mindset/motivational frameworks and math achievement-
related outcomes (Dweck, 2008; Gunderson et al., 2013; Kamins & Dweck, 1999; Mueller & Dweck, 1998; Pomerantz & Kempner,
2013; Park et al., 2016; Yamamoto & Holloway, 2010; Wigfield et al., 2015). Indeed, experimental studies show that certain kinds of
input have at least short-term causal consequences for children’s mindsets/motivational frameworks (Kamins & Dweck, 1999; Mueller
& Dweck, 1998; Cimpian et al., 2007).

Parents’ Mindsets. Parents’ mindsets have been linked to whether they emphasize performance or learning goals while interacting
with their children. For example, Moorman and Pomerantz (2010) examined how mothers interacted with their 6- to 9-year-old
children on a puzzle task after they had been induced to hold a fixed or growth mindset about the task. Those in the fixed mindset
condition showed more performance-oriented support, exerted more control of the interaction, and showed more negative affect than
those in the growth mindset condition. Muenks et al. (2015) extended this research to academic math and reading tasks, and in a
correlational study found that parents with fixed mindsets about math and reading reported engaging in relatively more performance-
oriented help and less mastery-oriented help compared to parents with incremental mindsets. These findings suggest that interventions
that help parents adopt growth mindsets could improve their interactions with their children, which in turn could positively affect
children’s motivation and learning.

Parents’ Praise. Studies of parent-child interactions show that the type of praise parents provide predicts children’s mindsets and
achievement goals. A longitudinal study examining naturalistic parent-child interactions showed that toddlers who received higher
proportions of process praise (process praise/total praise) had more incremental motivational frameworks in 2" grade (Gunderson
et al.,, 2013). The children who had received more early process praise from their parents also had higher math and reading
achievement in 4% grade, mediated by having an incremental motivational framework in 2™ grade (Gunderson, Sorhagen, et al.,
2018). Consistent with these findings, Pomerantz and Kempner (2013) found that 8- to 10-year-olds whose mothers reported providing
more person praise had more fixed mindsets.

Experimental studies reveal similar findings of praise type on children’s motivations and behaviors (Corpus & Lepper, 2007;
Kamins & Dweck, 1999; Mueller & Dweck, 1998). These studies also showed that after a failure experience, children who had earlier
received person praise were more likely than those who had received process praise to attribute the failure to lack of ability, and to
report that they enjoyed the task less and did not want to persist. Moreover, children who had received person praise performed worse
than they had at baseline on comparable problems whereas those who had received process praise performed better than they had at
baseline (Mueller & Dweck, 1998). Experimental studies also show that subtle differences in the language used to praise children can
have effects on their motivation and behavior (Cimpian et al., 2007; Kamins & Dweck, 1999; Zentall & Morris, 2010). In a study using a
pretend drawing task, 4-year-olds were given praise with either generic language (“You are a good drawer”) or non-generic language
(“You did a good job drawing”), which map onto person and process praise, respectively (Cimpian et al., 2007). Following this,
children were told they had made a mistake (e.g., “forgot to draw the ears of the cat” on their pretend drawing). Children who received
generic (person) praise evaluated their performance more negatively and were less likely to persist on the task after failure feedback
than those who received non-generic (process) praise. Given the nuanced ways in which the language used to praise children affects
their motivation and self-evaluations, it is not surprising that parents’ mindsets and children’s mindsets are not related (Gunderson
et al., 2013).

Of note, there are some contradictory findings regarding the relation of praise and mindset, which may be explained by devel-
opmental, gender, and/or methodological differences. For example, Henderlong Corpus and Lepper (2007) found that the motivation
of 4" and 5thgrade girls was affected by praise type but this was not the case for boys. In particular, girls showed more interest in
tangram puzzles when they were given process praise or product praise than person praise or neutral feedback, whereas boys showed
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no condition differences, perhaps because gender stereotypes increase the sensitivity of girls to praise. Further, preschool children
showed positive effects of all praise types compared to neutral feedback. However, Gunderson, Donnellan, et al. (2018) found that
parents’ process praise (as reported by children) significantly related to 5t and gth graders’ learning goals, but not to their incremental
theories, which is somewhat at odds with other findings (Gunderson et al., 2013; Pomerantz & Kempner, 2013). This discrepancy may
be due to the different methods used to collect data on parent praise—direct observation of parent praise by Gunderson et al. (2013)
and parent report by Pomerantz and Kempner (2013), versus child report by Gunderson, Donnellan, et al. (2018). It could also be due
to the inclusion of older children in the Gunderson, Donnellan, et al. (2018) study, as older children are more likely to associate effort
with a lack of ability (Nicholls, 1978), and as a result, may have viewed process praise (e.g., “You worked hard on that”) as indicative of
their low ability (Lam et al., 2008; see Henderlong & Lepper, 2002) for a comprehensive review of the effects of praise on children).

Parents’ Criticism and Failure Feedback. Researchers have posited that parents’ “failure mindsets” may have more potent effects
on children’s ability mindsets than parents’ mindsets about intelligence. In a series of studies, Haimovitz and Dweck (2016) found that
elementary school and older children were aware of parents’ failure mindsets — whether they have a failure as debilitating mindset (a
belief that failure inhibits learning) or a failure as enhancing mindset (a belief that failure provides an opportunity to learn), but were
not aware of their parents’ mindset about intelligence. Moreover, parents with a failure as debilitating mindset reported providing
performance-oriented feedback to their child after failure (e.g., worrying about their child’s performance; comforting their child for
not having enough ability) whereas parents with a failure as enhancing mindset, reported providing learning-oriented feedback to
their child after failure (e.g., focusing on the process the child engaged in when studying; expressing the belief that the child can
succeed with a change in strategy). Importantly, parents’ failure mindset, but not their intelligence mindset, predicted children’s
intelligence mindset, and this relation was fully mediated by children’s perception of their parents’ performance versus learning goal
orientation. Thus, parents’ failure mindset is linked to the feedback they provide children after failure, and this feedback is particularly
salient to children. Thus, parents’ failure mindset may be more influential in shaping their children’s mindset about intelligence than
parents’ mindset about intelligence.

Other studies report differential effects of perceived parent praise and criticism on achievement goals and mindset (Gunderson,
Donnellan, et al., 2018). Interestingly, overall perceived parent praise, and particularly perceived parent process praise, positively
predicted children’s learning goals. In contrast, overall perceived parent criticism, particularly person criticism, negatively predicted
children’s mindset about intelligence. These findings underscore the importance of examining the ways that parents, as well as
teachers, praise and criticize children of different ages, and how this affects children’s mindset, achievement goals, and achievement
outcomes. There is also a need to examine whether constellations of praise and criticism differ depending on domain, and how these
feedback patterns together may shape children’s domain specific achievement goals and mindsets.

Teachers’ Instructional Practices. A study of 1st and 2nd grade students and their teachers showed that teachers’ mindsets were
related to their performance versus mastery oriented instructional practices, which in turn predicted students’ motivational frame-
works. For example, 1st and 2nd grade teachers’ performance oriented instructional practices predicted children having a fixed
motivational framework at the end of the school year, controlling for children’s motivational framework at the beginning of the school
year (Park et al., 2016). In contrast, teachers’ mindsets did not predict children’s motivational framework even though teachers’
mindsets were connected to their instructional practices in expected ways, likely because teachers’ beliefs about the malleability of
intelligence are less visible to children than their instructional practices (Park et al., 2016). A study carried out in Germany found a
negative relation between teachers’ fixed mindsets and the math achievement of low performing 4th grade students, but this relation
may have been mediated by teachers’ instructional practices, which were not examined in the study (Heyder et al., 2020).

Another instructional practice that may affect children’s mindset about math ability is comparing children’s math ability to that of
their peers (Stipek & Daniels 1988; see Dweck, 2002; see Boaler, 2013 for review). Cross-cultural research provides a lens for
examining these relations. For example, in many high-achieving Asian countries, effort is emphasized, and children are not grouped by
ability. In contrast, in the U.S., ability grouping typically begins in 7th grade and much earlier in England (see Boaler, 2013 for review).
An interesting question is how these practices are related to differences in mindset about math ability.

Teachers’ Attributions. Laboratory studies have examined how mindset relates to teachers’ behaviors and interpretations of
children’s math performance, as well as how students interpret teacher behaviors. In one study, Rattan et al. (2012) asked un-
dergraduates to imagine being a 7th grade math teacher. Participants were then presented with a scenario in which a student failed a
math test. The researchers found that those “teachers” who endorsed a fixed mindset about math ability, were more likely to regard the
student who failed as having low math ability. In another study, undergraduates were induced to hold a fixed or a growth mindset
about math ability. Those induced to hold a fixed mindset were more likely than those induced to hold a growth mindset to report that
they would comfort a 7th grade student who failed a math test about their lack of math ability and would give the student less
homework (Rattan et al., 2012). These studies suggest that teachers with a fixed mindset about math ability may engage in behaviors
that are deleterious to student math attitudes and achievement.

In support of this possibility, Rattan et al (2012) examined how undergraduates would feel if they received a low score on a calculus
test and their teacher either gave them various kinds of feedback: comfort feedback (e.g., “I know you’re a talented student in general,
it’s just not that every student is a math person™), feedback on how to improve their performance, or no feedback. Students in the
comfort feedback condition reported that they would have lower expectations about their calculus course grade and lower motivation
than those in the other conditions. Additionally, students in the comfort feedback condition perceived their teacher as having a fixed
mindset about math and lower expectations for their success in math. These findings suggest that teachers with a fixed mindset
negatively affect the math outcomes and interests of their students. An important extension of these studies involves examining
whether these findings hold in classroom settings and for students at different grade levels.

Different Input to Boys and Girls. Key socializers provide different input to boys and girls, which may influence children’s
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mindsets. For example, during naturalistic interactions, 1- to 3-year-old boys received more process praise and girls received more non-
process praise (person praise and other praise; Gunderson et al., 2013). This difference in praise type was related to boys having a
stronger incremental motivational framework than girls at 7- to 8-years-old.

Similarly, elementary school teachers provide girls and boys in 4th and 5th grades with different patterns of feedback (Dweck et al.,
1978). Teachers’ positive feedback to boys was more associated with their academic success than was the case for girls. In contrast,
teachers’ negative feedback to boys was less associated with their academic success than was the case for girls. Consistent with these
findings, teachers attributed girls’ failures more to lack of ability and boys’ failures more to lack of motivation. It is, of course, possible
that teachers’ differential feedback to boys and girls is evoked by gender-related differences in classroom behavior (Rietveld et al.,
2004). That is, if boys, on average, are less attentive than girls, this may lead teachers to attribute boys’ academic failures to attentional
factors and girls’ academic failures to lack of ability. However, Dweck et al. (1978) carried out a follow-up experiment where boys and
girls were randomly assigned to receive the boy or girl pattern of feedback, and results showed that boys and girls who received the boy
pattern of failure feedback viewed the feedback as indicative of their lack of effort whereas boys and girls who received the girl pattern
of failure feedback viewed the feedback as indicative of their lack of ability.

Conclusions. In sum, key socializers’ feedback appears to be related to children’s mindset/motivational framework. Moreover,
boys and girls may receive different patterns of feedback from key socializers, and this may affect their mindset/motivational
framework, attributions about failure, and achievement. These findings underscore the role of inter-generational interactions in
children’s motivation and achievement and raise important questions for future research. One of these is whether boys and girls are
differentially sensitive to socializers’ inputs, and whether this is the case at particular developmental time points. Another is whether
key socializers have a stronger impact on children’s motivation and achievement in math compared to other subject areas. Dweck
(2008) suggests that classrooms that adopt growth mindset practices have positive effects on students’ learning outcomes. Relatedly,
Boaler (2016) suggests that children develop fixed mindsets about math ability as well as other negative math attitudes because much
of their time in math class involves demonstrating their knowledge rather than discussing different ways to solve problems. In other
words, teachers’ focus on outcomes rather than process in math class could contribute to the development of students’ fixed mindsets
about math. An interesting question is whether an outcome focus is more common in math classes than in classes such as English and
history, where answers are less objectively right or wrong and teaching may be more likely to consist of discussing different
viewpoints.

Interventions

Improving Math Achievement. Growth mindset interventions have improved math outcomes, particularly for lower achieving
students and students whose math abilities are negatively stereotyped (Blackwell et al., 2007; Good et al., 2003; Yeager et al., 2019).
For example, Blackwell et al. (2007) conducted a growth mindset intervention with 7th graders from lower SES backgrounds and
assessed whether it improved math learning trajectories from the end of 6th grade through the end of 7th grade. Before the inter-
vention, math grades declined in both groups between the end of 6th grade and the beginning of 7th grade. Post-intervention, the
groups diverged, with the math grades of the control group continuing to decrease while those of the intervention group increased.
Because math is a challenging subject, and the transition to middle school is challenging for many students, the authors suggest that the
mindset intervention might be particularly effective for math at this developmental time point.

Another study examined the effects of different interventions—a growth mindset intervention, an attribution intervention (many
students experience difficulty when they move to a new school setting such as junior high school), a combined mindset plus attribution
intervention, or a control anti-drug condition—on the math and reading achievement of 7th grade students from largely low-SES
students in a rural area (Good et al., 2003). Of note, all the interventions were effective, but they were more effective for girls’
than boys’ math achievement (more than 1 SD higher than the control group), in line with the hypothesis that mindset and other
interventions that address sense of belonging are beneficial for negatively stereotyped groups (Dweck, 2007; Good et al., 2003).

Consistent with the finding that mindset interventions are more effective for low achieving students, a preregistered national
mindset intervention with 9th graders found positive and similar effects on both core grades in general and math and science grades,
specifically for students whose grades were below the school median (Yeager et al., 2019; also see Sisk et al. (2018) meta-analysis).
However, the positive effects of the intervention extended beyond low-achieving students when enrollment in advanced math and
science courses was the outcome, an effect that was significantly larger for students in high achieving schools, suggesting that context
matters for the effectiveness of mindset interventions.

Although the effects of mindset interventions on achievement are modest, these interventions are also generally short and relatively
low cost. It is possible that a series of developmentally appropriate, customized “mindset boosters” might result in larger effects
(Yeager et al., 2013).

Conclusions. To recap, mindset interventions improve achievement, including math achievement, but positive effects do not
appear to be specific to math. Additionally, mindset interventions may be more effective for students who are facing challenges (e.g.,
low-achieving students) or who are negatively stereotyped (e.g., females for math ability). Our knowledge of the effectiveness of
mindset interventions comes almost exclusively from middle school and older students. Most of the studies included in Sisk et al.’s
(2018) meta-analysis of mindset interventions included adolescents or adults, and only two included elementary school children.
Indeed, many researchers have theorized that mindset interventions may be particularly effective when students are transitioning into
middle school and face many new challenges that result in decreases in academic performance and other difficulties, (Eccles et al.,
1991; Good et al., 2003; Simmons et al., 1991). However, it is possible that intervening on mindset/motivational framework at
younger ages could have beneficial long-term effects, particularly if interventions continue throughout schooling. It is likely that
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Interventions that work with older children will need to be modified for younger children. For example, the incorporation of process
praise into interventions might be an effective way to increase younger children’s growth mindsets. Another important question is
whether interventions that focus on mindset about math ability rather than mindset about ability in general may be more effective in
supporting children’s math achievement-related outcomes (Yeager & Dweck, 2012). Finally, it is possible that early interventions
should focus on achievement goals with young children, as these goals are more closely connected to math achievement than mindset
at early developmental time points.

What we know and questions for future research

Mindset and motivational frameworks emerge by early elementary school, and even at these early ages are related to children’s
math achievement. Moreover, by this age, children may hold more of a fixed mindset for math ability than reading/writing ability
when asked about adult jobs that require these skills. As is the case for math anxiety and math self-concept, there is a stronger relation
of earlier math achievement to later motivational framework than the reverse, suggesting that early math achievement influences a
broad range of children’s early math attitudes (see Fig. 1). To test whether these relations are causal, we need to test whether in-
terventions that raise math achievement also improve math attitudes. In addition, certain math attitudes may predict other math
attitudes more than the reverse, as the achievement goal component of young children’s motivational framework predicts their math
anxiety and their math self-efficacy, whereas the reverse relations are not significant (see EMAA model, Fig. 1). Again, although
correlational, this finding suggests that intervening on young children’s achievement goals might improve other math attitudes.

In terms of gender differences, there is some evidence that girls may have more fixed mindsets than boys, and that this may be
linked to differences in how key socializers interact with girls and boys. There is also evidence that having a growth mindset may be
particularly important for negatively stereotyped groups (e.g., females) as well as for students with low math achievement.

Key socializers’ interactions with children are influenced by the mindsets they have. However, they appear to affect children’s
mindsets/motivational framework and achievement through their instructional practices and feedback to children, which are related
to their mindsets rather than directly via the socializers’ mindsets (see Fig. 1 which posits that socializers’ attitudes influence their
behaviors with children, which in turn influence children). These findings are important in informing intergenerational interventions
that might be effective in supporting the development of growth mindsets/motivational frameworks. For example, mindset in-
terventions that focus on key socializers might have larger downstream effects on children’s learning if they not only support the
development of socializers’ growth mindsets, but also make the link between mindsets and instructional practices explicit. Further, it is
important to examine whether interventions that specifically focus on mindset/motivational framework about math ability might be
more effective in improving math achievement than mindset interventions that focus on intelligence or more general abilities.
Alternatively, interventions could be more effective if they focus on socializer-child math behaviors that are associated with adults’
mindsets.

We lack information about the effectiveness of mindset interventions with young children, as existing interventions have mainly
focused on adolescents and older students. It is possible that mindset/motivational framework interventions may be more effective
with younger than older children because their frameworks are less cohesive than those of older children. Thus, intervening early
might help prevent the negative relations between math achievement and entity motivational frameworks before multiple maladaptive
attitudes become connected to math achievement. Another important question is whether early mindset/motivational framework
interventions may have long-term consequences for math outcomes that exceed those for other academic domains, particularly when
these interventions are reinforced over time.

Math-gender stereotypes

A pervasive cultural stereotype is “Males are better at math than females.” Importantly, this stereotype is negatively related to
females’ math outcomes and may have the opposite effect on the math outcomes of males (for reviews see J.R. Steele et al., 2007;
Nosek & Smyth, 2011). Research shows that this stereotype emerges by early elementary school and is related to math skill at this time,
at least for children in Singapore (e.g., Cvencek et al., 2015). As discussed by Kurtz-Costes et al. (2008), one important question is
whether the math-gender stereotype increases with age, consistent with Cultural-Experiential Theory. and another is whether this
sterereotype develops differently in boys versus girls, e.g., whether it develops earlier in boys because they are the positively ste-
reotyped group, consistent with Social Status Theory.

Like other stereotypes, the math-gender stereotype operates at both implicit (i.e., automatic and unconscious) and explicit (i.e.,
controlled and conscious) levels (e.g., P.G. Devine, 1989; Greenwald et al., 1998; for review of work with children see Killen et al.,
2008). Implicit stereotypes appear to form based on exposure to concepts that are associated with each other (e.g., math and males),
regardless of whether one endorses the explicit stereotype that math is for males or that males are better at math than females (e.g.,
Gregg et al., 2006; Nosek & Smyth, 2011). Thus, both adults and children who show the implicit math-gender stereotype may deny the
explicit math-gender stereotype (Greenwald et al., 2009). Further, females who do not endorse the stereotype can still be negatively
affected by it, and in both children and adults, the implicit stereotype is typically found to be more strongly related to math
achievement-related outcomes than the explicit math-gender stereotype (Ambady et al., 2001; Cvencek et al., 2015; Galdi et al., 2014;
Greenwald et al., 2009; Kiefer & Sekaquaptewa, 2007; Nosek et al., 2002, 2007, 2009; Nosek & Smyth, 2011).

By college age, the math-gender stereotype affects more than performance on math tests, and also decreases students’ intensions to
take math classes, to pursue math intensive-majors, and to enter math intensive careers. Several mechanisms have been proposed to
account for these negative effects. One such mechanism is that the math-gender stereotype leads to increased math anxiety, which can
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deplete working memory resources while doing math. A second mechanism is that the math-gender stereotype can lead to math
avoidance (see Schmader & Johns, 2003 for review; Spencer et al., 1999; Tomasetto, 2019). Finally, the math-gender stereotypes may
decrease sense of belonging in math classes, math-intensive majors, and math-intensive careers (e.g., Good et al., 2012; Master &
Meltzoff, 2020). All these mechanisms may be operative, leading to lower math interest and achievement in females, effects that may
be more acute in females from under-represented minorities who are subject to more than one stereotype (Rainey et al., 2018).

To preview the findings of our review, developmental research has shown that the math-gender stereotype emerges by early
elementary school, and by this time is negatively associated with the math achievement of girls. Moreover, the implicit stereotype not
only emerges prior to the explicit stereotype but is also more related to math outcomes. There is also evidence that the math-gender
stereotypes of key socializers relate to children’s math self-concepts, and eventually to their math grades. Moreover, socializers’ math-
gender stereotypes are related to differences in the ways they interact with boys and girls around math, which may mediate the relation
of adult stereotypes to children’s math outcomes.

Development of math-gender stereotypes in boys and girls

By early elementary school, the math-gender stereotype exacts a toll on girls’ math achievement (see Master & Meltzoff, 2020;
Régner et al. 2014 for reviews). As is the case for adults, it is important to measure children’s math-gender stereotypes using implicit as
well as explicit measures, as the latter may be influenced by factors such as personal standards and social desirability effects whereas
the former are likely to be more insulated from these effects (e.g., Nosek et al., 2002). Moreover, in children, implicit measures may be
more sensitive to stereotypes for two other reasons. First, early experiences may have a stronger effect on implicit than explicit at-
titudes (e.g., Rudman, 2004). Second, young children may have difficulty introspecting about the relative abilities of groups of people,
perhaps due to developmental changes in their conceptions of ability, but do form associations between gender groups (e.g., male) and
academic domains (e.g., math) (Dweck, 2002; Folmer et al., 2008; Nicholls, 1978; Nicholls & Miller, 1984).

Emergence and Developmental Change. Young children generally show earlier emergence of implicit than explicit math-gender
stereotypes and their implicit stereotypes are more strongly connected to their math achievement outcomes than their explicit ste-
reotypes (Ambady et al., 2001; Cvencek et al., 2011, 2015; del Rio et al., 2019; 2020; Galdi et al., 2014; J. Steele, 2003; Muzzatti &
Agnoli, 2007; Steffens et al., 2010). Further, some studies show that priming children’s gender or the math-gender stereotype prior to a
math test increases children’s implicit, but not their explicit math-gender stereotype. Thus, by measuring implicit math-gender ste-
reotypes in children, we gain a more comprehensive understanding of the development and impact of these stereotypes on math
outcomes than we get from measuring their explicit math-gender stereotypes alone (Meltzoff & Cvencek, 2019; del Rio et al., 2020).

Implicit Math-Gender Stereotype. Evidence of the implicit math-gender stereotype by early elementary school comes from studies
carried out in various locations around the world (e.g., U.S., Italy, Germany, Singapore, and Chile). However, there are inconsistencies
as to whether the stereotype is present in both girls and boys (Cvencek et al., 2011, 2015; del Rio et al., 2020), only in boys (del Rio
etal., 2019), or only in girls (Galdi et al., 2014; Steffens et al., 2010), which may reflect methodological differences, insufficient power,
and/or cultural variation.

Although there is ample evidence that the implicit math-gender stereotype emerges early in development, we have limited in-
formation about developmental change in the strength of the stereotype. Children’s implicit stereotypes appear to be weaker than
those of their parents (del Rio et al., 2020), consistent with Cultural Experiential Theory (see Kurtz-Costes et al., 2008). However, the
magnitude of the implicit stereotype is reported to be constant between 1st grade and 5th grade (Cvencek et al., 2011, 2015; del Rio
et al., 2020). These findings suggest a possible increase in the implicit math-gender stereotype after children enter middle school and
highlight the need for more information about the trajectory of the stereotype.

Explicit Math-Gender Stereotype. Some studies find that young elementary school children show evidence of implicit and explicit
math-gender stereotypes (Cvencek et al., 2011, 2015) whereas others find that children show the implicit but not the explicit ste-
reotype, consistent with the view that the implicit gender stereotype emerges earlier (del Rio et al., 2019, 2020; Galdi et al., 2014). Of
note, correlations between implicit and explicit stereotypes are generally low or not significant, suggesting that different processes may
underlie these stereotypes (e.g., Cvencek, 2011, 2015).

There is also some indication that explicit math-gender stereotypes may emerge earlier in boys than girls, consistent with Social
Status Theory (see Kurtz-Costes et al., 2008). Muzzatti & Agnoli (2007) asked 2nd through 5th grade Italian children whether boys are
better at math than girls, whether girls are better at math than boys, or whether boys and girls are equally good at math. Boys in 2nd
grade did not endorse the stereotype but boys in every other grade did, and the explicit stereotype was stronger in 4th and 5th graders
than at earlier grade levels. In contrast, 2nd grade girls responded that girls are better at math, 3rd grade girls responded that boys and
girls were equally good at math, and it was not until 4th and 5th grade that girls endorsed the stereotype that males are better at math,
with stronger endorsement in 5th grade. Gender comparisons showed that boys’ explicit math-gender stereotype was stronger than
that of girls in the earlier graders but not in 4th and 5th grades. However, such gender differences in the strength of the stereotype may
vary depending on culture and/or task as a study carried out in Singapore found that both boys and girls were likely to select a picture
of a boy (versus a girl) as liking to do math more, and this was the case as early as first grade (e.g., Cvencek et al., 2015).

There is also evidence that girls’ math-gender stereotype may differ depending on whether questions concern the math ability of
boys versus girls or women versus men. Girls in 1st to 4th grade showed evidence of the stereotype when asked about adults but not
when asked about children, a pattern referred to as “stereotype stratification” (J. Steele, 2003). In contrast, boys showed a bias toward
males regardless of whether they were asked about the math ability of children or adults. This likely reflects an ‘own-gender bias”
because boys also showed a male bias when asked about the spelling ability. For girls, the stratification of the stereotype by age of the
target group may mirror seeing more adult males than adult females in STEM professions but seeing that girls perform at least as well as
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boys in math at school. Thus, when assessing stereotype endorsement, it is important to specify whether questions probing the math-
gender stereotype are referring to adults or children.

Variations in Findings. As mentioned, there are variations in findings across studies, particularly with respect to whether there
are gender differences in the development of math-gender stereotypes. There are multiple potential explanations for these variations,
but more work is needed to determine which explanation(s) is correct. Below, we discuss several approaches that can advance our
understanding of the origins and development of the math-gender stereotype.

Cultural Variations. Although studies of children’s math-gender stereotypes have been carried out in various cultural contexts, we
have little understanding of the factors that influence young children’s math-gender stereotypes. One might speculate that the math-
gender stereotype might be more robust and emerge earlier in cultural contexts with more gender inequity. However, 15-year-olds
taking the PISA test were more likely to report that their parents valued math achievement more for their sons than their daugh-
ters in countries with more gender equity, as indexed by the World Economic Forum’s Global Gender Gap Index (Stoet et al., 2016).
This finding may shed light on why elementary school children in the U.S. and Singapore where there is more gender equity, but not
those in Chile, where there is less gender equity, endorse the explicit math-gender stereotype (OECD, 2015). These counter-intuitive
findings could be related to the measures used to assess gender equity, which typically consist of global measures such as gender
representation in Congress and the life expectancy of men versus women (Global Gender Gap Index), which are quite distal from
gender equity in STEM. In fact, as was the case for math ability self-concept, when a more proximal index of gender equity in STEM is
used, countries with higher representation of women in STEM had lower science-gender stereotypes (Miller et al., 2015). Increasing
our understanding of how particular aspects of cultural context affect children’s implicit and explicit math-gender stereotypes and
math outcomes holds promise for enhancing our understanding of the factors that contribute to these stereotypes.

Measure Variations. Various measures have been used to assess implicit and explicit math-gender stereotypes in children. For
implicit measures, adult IATS are generally presented as written words, but for children, stimuli are either presented as pictures (del
Rioetal., 2019; Galdi et al., 2014) or as written words that are read aloud in order to control for differences in reading ability (Cvencek
etal., 2011, 2015). For explicit measures, children are asked different questions to assess the presence of the stereotype (e.g., whether
boys like math more than girls or whether boys have more math ability than girls). Importantly, we do not know whether these
questions—about liking or ability—yield the same findings. Understanding how the same children respond to different implicit and
explicit stereotype measures is important to interpreting developmental patterns and variations in results across studies. For example,
this information would help researchers understand whether a difference in results reflects a difference in measures or a difference that
may be attributable to cultural context.

Implicit Measure Variations. An important feature of IATS is that the stereotype measure is calculated by comparing responses to
stereotype congruent and incongruent conditions in two different domains, typically math and a verbal domain such as reading when
assessing the math-gender stereotype. In the stereotype congruent condition, participants are asked to press one button for boy and
math stimuli and another button for girl and reading stimuli. In the stereotype incongruent condition, children are asked to press one
button for boy and reading stimuli and the other button for girl and math stimuli. Implicit stereotypes are calculated via an algorithm
that compares the speed of making stereotype congruent categorizations versus stereotype incongruent categorizations in the two
domains (Greenwald et al., 2003). Thus, the implicit stereotype measure not only reflects one’s association of male versus female with
math, but also one’s association of male versus female with reading. The use of congruent and incongruent pairings in two domains
raises the possibility that female-language associations in the absence of male-math associations may be erroneously interpreted as
reflecting an implicit math-gender stereotype on IAT measures.

One method that has been developed to address this shortcoming of IAT measures is the Go-No-Go Association task (GNAT). The
GNAT offers a way to measure gender stereotypes for math separately from gender stereotypes for other domains such as reading or
language. This is done, for example, by asking participants to push a button if, for example, math is paired with male but not if math is
paired with female, or by providing them with the opposite task — press a button when math is paried with female, but not when it is
paired with male (Nosek & Banaji, 2001; Steffens & Jelenec, 2011). A study using the GNAT with 9th graders found that females did
not show an implicit gender stereotype for math but did show an implicit gender stereotype for language. Unfortunately, the GNAT is
not nearly as reliable as IATs, and a child-friendly GNAT has not yet been developed.

Explicit Measure Variations. Explicit math-gender stereotype measures also vary. As previously mentioned, some studies ask
children about the math ability of males and females and others ask them about whether males or females like math more. It is possible
that young children have a greater understanding of questions about liking math than questions about math ability, related to the
development of children’s conceptions of ability. Explicit measures also vary as to whether they require a forced choice of male or
female, or include an option to respond that there is no gender difference. Ambady et al.’s (2001) found that 75% of children in
elementary and middle school responded that there is no difference, suggesting that giving the option of a “no difference” response can
have a significant effect on findings.

Similar to implicit math-gender stereotypes, determining whether explicit responses actually reflect a math-gender stereotype or
perhaps instead an own gender bias on the part of males requires comparing responses in two domains that are not subject to the same
gender stereotype. For example, children could be asked questions about male versus female math ability/liking and their responses
could be compared to those about male versus female reading ability/liking, a domain that is not stereotyped in favor of males (J.
Steele, 2003; Steffens et al., 2010).

Relation to Math Outcomes. Math-gender stereotypes typically have negative effects on girls’ identification with math and their
math achievement but positive effects on boys’ identification with math and math achievement (e.g., Ambady et al., 2001; Galdi et al.,
2014; Huguet & Régner, 2007; 2009). Cvencek et al. (2015) made the powerful point that stereotypes can affect children’s future
academic goals and identities. For the most part, however, studies of young children’s math-gender stereotypes have focused on the
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relation of these stereotypes to math achievement. It is certainly possible, however, that at relatively early ages, the math-gender
stereotype begins to have broader effects on children’s math interests, sense of belonging and their nascent career interests (see
Master & Meltzoff, 2020 for review). In the following section, we focus on studies that have manipulated stereotype threat to address
the relation of the math-gender stereotype to math achievement in young children.

Stereotype Threat Studies with Children. In a classic study with college students, Spencer et al. (1999) found that females scored
lower than their male peers on a challenging math test when students were told that males typically outperform females on the test
they were about to take. Moreover, the authors showed that this was even the case when no information about gender differences in
performance was provided prior to the test. This effect is referred to as “stereotype threat” and is thought to increase anxiety, which
compromises working memory resources that would otherwise be available to support high levels of performance on math assessments
(see Schmader & Johns, 2003 for review; Spencer et al., 1999; Tomasetto, 2019). In contrast, when students were told there was no
gender difference on the math test they were about to take, there was no gender difference in test performance. Interestingly, males
sometimes experience a small “stereotype lift” when stereotypes are activated, performing better than when stereotypes are negated (e.
g., Walton & Cohen, 2003).

Stereotype threat (ST) manipulations have been used to study the relation of math-gender stereotypes to math outcomes in young
children, beginning as early as kindergarten. Here we explore when stereotype type threat effects emerge and whether they increase
with age. One might expect that ST effects on math performance might be stronger at older than younger ages, based on Cultural
Experiental Theory and evidence that both implicit and explicit math-gender stereotypes show developmental increases.

Ambady et al. (2001) gave Asian American girls in three age groups (kindergarten to 2nd grade, 3rd to 5th grade, 6th to 8th grade) a
math test after priming a positively stereotyped identity (Asian), a negatively stereotyped identity (female), or neither identity (control
condition). Girls in the youngest and oldest groups performed best after their ethnicity was primed and worst when their gender was
primed, with those in the control group performing at an intermediate level. These findings mirror those found with college students in
a study that used a similar paradigm (Shih et al., 1999). However, Ambady et al. (2001) found a different pattern for 3rd to 5th grade
girls. Counter to stereotype threat, girls at this age performed significantly better when their gender was primed than in either of the
other conditions. The authors speculate that children in these grades are particularly chauvinistic about their gender and thus do better
when their gender is primed. In a second study, the researchers examined the effects of the math-gender stereotype on the math
performance of Asian American boys in these same age groups. In the youngest and oldest groups, the boys performed better on a math
test when either their gender or Asian identities were primed, both of which are positively stereotyped, compared to boys in the control
condition. Broadly, these results are consistent with the math-gender stereotype decreasing girls’ and increasing boys’ math
performance.

Another study utilized an arguably more potent way to activate the math-gender stereotype and also found that ST negatively
affected the math performance of 6-year-old girls (Galdi et al., 2014). In the stereotype congruent condition, 6-year-old girls colored a
picture of a boy correctly solving a calculation problem and a girl failing to do so; in the stereotype incongruent condition they colored
a picture of a girl correctly solving a calculation problem and a boy failing to do so. There was also a control condition in which
children colored a picture of a landscape. Girls in the stereotype congruent and control conditions showed an implicit math-gender
stereotype, but those in the stereotype incongruent condition did not. Further, girls’ math performance was lowest in the stereo-
type congruent condition and highest in the stereotype incongruent condition, and the effect of condition on math performance was
mediated by girls’ implicit math-gender stereotype regardless of their explicit stereotype endorsement.

Building on these findings, Neuville and Croizet (2007) showed that ST negatively affected the performance of 3rd grade girls on
difficult (but not easy) math problems. These findings are consistent with ST effects shown with college students (Spencer et al., 1999),
and with the theory that stereotypes are most likely to negatively affect performance on challenging problems because they lead to
anxiety that depletes working memory resources that are needed to solve these problems (Schmader & Johns, 2003). These findings
highlight the importance of considering the difficulty of the math task when examining the effects of ST effects.

An important question is whether ST negatively affects girls’ math performance in ecologically valid classroom settings — not just in
the lab. Huguet and Régner (2007; 2009) examined this question with 10- to 13-year-old students in France. Children were asked to
study a complex design and then to draw it from memory. In the ST condition, children were told that this task was a geometry test,
whereas those in the control condition were told that the same task was a drawing test. Girls performed significantly better in the
drawing-labeled condition than in the geometry-labeled condition whereas boys’ performance did not differ by condition. Moreover,
boys performed better than girls in the geometry-labeled condition, but girls outperformed boys in the drawing-labeled condition.
Consistent with C.M. Steele’s (1997) claim that stereotype endorsement is not a precondition for ST effects, girls’ explicit endorsement
of the math-gender stereotype did not moderate these effects. Huguet & Regner (2007) also found that girls were negatively affected by
ST when they were in a mixed gender classroom but not when they were in a classroom with only girls.

Muzzatti and Agnoli (2007) report condition (ST, Control) x gender interactions in older by not younger students. In one study,
they found no gender difference in the math performance of 2nd to 4th graders in an ST condition versus a control condition, but did
find a male advantage in math performance among 5th graders in the ST condition. A second study showed the condition by gender
interaction for 8th graders but not 3rd or 5th graders

In contrast to these positive ST findings, in a series of studies, Ganley et al. (2013) found no evidence that ST negatively impacts 4th
to 12th grade females’ math performance, even though they focused on students who showed high identification with math and used
challenging math tests as outcomes, which should have maximized the likelihood of finding ST effects (Spencer et al., 1999). Further,
systematic reviews and meta-analyses have revealed weak ST effects in both children and adults (Stoet & Geary, 2012; Flore &
Wicherts, 2015). Moreover, even when meta-analyses report significant ST effects, publication bias has been identified as a problem
(Flore & Wicherts, 2015). These findings underscore the need for rigorous research using designs that are sufficiently powered and that
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measure likely moderators that are not assessed in many studies (e.g., degree of identification with math; difficult of the math
assessment).

Stereotype Reactance. Stereotype reactance, a heightened motivation to disprove a stereotype, may contribute to the heteroge-
neity of findings in stereotype threat studies. Notably, 1st to 5th grade boys and girls in Singapore showed a positive relation between
implicit (but not explicit) math-gender stereotypes and math achievement (Cvencek et al., 2015). While this positive association would
be expected for boys because their group’s math ability is positively stereotyped, it is surprising for girls because their group’s math
ability is negatively stereotyped. The unexpected finding for girls might reflect stereotype reactance, which has been found in older
students in high achieving contexts (e.g., China; Tsui et al., 2011).

Conclusions. Children in elementary school consistently show implicit math-gender stereotypes. Although adults’ implicit math-
gender stereotypes are stronger than those of young children’s, we lack information about when during development math-gender
stereotypes become stronger. Longitudinal studies assessing implicit and explicit math-gender stereotypes as well as gender stereo-
types about other academic domains would improve our understanding of the developmental trajectory of the math-gender stereotype
as well as its domain specificity.

Implicit math-gender stereotypes have a stronger relation to math achievement than explicit math-gender stereotypes. The implicit
math-gender stereotype is typically negatively related to girls’ math test scores during elementary school, with some studies reporting
this relation emerges by early elementary school, and others reporting that it does not emerge until 5th grade. Stereotype threat effects
have been reported in some studies with young children, but meta-analyses and systematic reviews indicate that these effects are
heterogeneous and may be subject to publication bias. Variations in results could be due to the methods used, for example the way that
stereotypes were activated, the difficulty of the math tests given and/or to cultural factors. An interesting open question is why girls are
able to achieve higher math grades than boys despite the presence of the math-gender stereotype. There is evidence that math anxiety
is most detrimental in solving complex problems, which are likely to be encountered on high stakes tests (Namkung et al., 2019). Thus,
the anxiety related to the math-gender stereotype may be most detrimental in these testing situations. Moreover, other factors (e.g.,
tests focusing on learned materials favoring girls, tests focusing on novel material favoring boys) may enable girls to achieve higher
grades than boys (Kimball, 1989).

Although work on the development of math-gender stereotypes has been carried out in various cultural contexts, we have limited
understanding of how culture moderates the math-gender stereotype and its relation to achievement-related outcomes. Moreover, we
also need to increase our understanding of how within-culture factors such as race, ethnicity, and SES may moderate the development
and effects of this stereotype. Relatedly, we need to examine the development and effects of math-gender stereotype in children who
are high and low in their math achievement. Finally, we need more research to understand how different stereotypes combine to affect
individuals who identify with multiple groups whose math abilities are negatively stereotyped (e.g., female and underrepresented
minority) or are differently stereotyped (e.g., female and Asian).

Relation of math-gender stereotypes to other math attitudes

Identification with Math, Math Self-Concept, and Math Anxiety. Consistent with Heider’s Cognitive Balance Theory (Green-
wald et al., 2002; Heider, 1946), Cvencek et al. (2011, 2015) found that gender identity, math-gender stereotypes, and identification
with math tend to align. Specifically, a boy who believes me = boy and math = my gender is likely to identify with math (me = math).
In contrast, a girl who believes me = girl and math # my gender is likely to not identify with math (me # math). Cvencek et al.’s (2011,
2015) findings suggest that gender identity emerges prior to math-gender stereotypes, which in turn emerge before self-identity with
math. Thus, the math-gender stereotype may influence boys’ stronger and girls’ weaker identification with math.

There is also evidence that the math-gender stereotype is linked to the gender difference in math self-concept (favoring boys), with
some studies reporting this relation as early as mid-elementary school (Kurtz-Costes et al., 2008; Passolunghi et al., 2014) and others
reporting it in adolescents (Jacobs, 1991; Passolunghi et al., 2014; Wolff, 2021). Further, adolescent boys’ and girls’ explicit math-
gender stereotype positively predicts their math anxiety (Casad et al., 2015). The unexpected positive relation in boys may be con-
nected to the added pressure of being expected to perform well in math and the relation in girls may be connected to a lowered sense of
their belonging in math, and to anxiety about confirming the stereotype. To our knowledge, there is no evidence of the reverse
relation—that math anxiety predicts math-gender stereotypes. Clearly, more work, particularly with young children is needed, to
understand the longitudinal relations between math-gender stereotypes and other math attitudes, and to determine whether these
relations are causal. Existing correlational evidence is consistent with our hypothesis that the math-gender stereotype may be a hub
attitude that affects self-relevant math attitudes such as math self-concept and math anxiety, but longitudinal and experimental studies
are needed to test this hypothesis.

Field-Specific Ability Beliefs (FAB) Hypothesis. Children’s math-gender stereotypes may be related to or even undergirded by
the belief that success in certain fields, including math, requires brilliance, referred to as the Field Specific Ability Beliefs (FAB) hy-
pothesis (Leslie et al., 2015; Meyer et al., 2015). Experts and laypeople believe that “a special aptitude that cannot be taught” is
required for success in certain fields, including math and math-intensive fields. Importantly, fields for which people think brilliance is
required for success have fewer women earning doctoral degrees and the kernel of this link appears to emerge early in development.

Developmental studies indicate that a brilliance-gender stereotype, like the math-gender stereotype, emerges by early elementary
school. In a series of four studies, Bian et al. (2017) tested 5- to 7-year-olds from middle-income, predominantly white families, and
found that 6- and 7-year-old girls were less likely than boys to regard members of their own-gender as “really, really smart” and were
less likely to be interested in a game for “children who are really, really smart”, even though they were just as interested as boys in a
game for “children who try really, really hard.” Moreover, the relation between gender and interest in a game for smart children was
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mediated by girls’ stereotyped beliefs about brilliance and gender. Thus, the male = brilliance stereotype emerges early and at about
the same time as the math-gender stereotype, consistent with the possibility that these stereotypes are related. An important question is
whether the male = brilliance stereotype, and the male = math stereotype account for unique or shared variance in girls’ math
achievement, math attitudes, and sense of belonging in math and STEM fields.

Conclusions. Gender differences in children’s endorsement of implicit math-gender stereotypes precede gender differences in
children’s identification with math. Interestingly, the explicit math-gender stereotype predicts adolescent boys’ math self-concept and
both adolescent boys’ and girls’ math anxiety. The math-gender stereotype may also be related to the male = brilliance stereotype,
given that math is a field that is thought to require brilliance and girls show lower interest than boys in a game that is for really, really
smart kids. Thus, girls’ belief that success in math requires brilliance might be related and even be causally linked to their math-gender
stereotype.

Key socializers

Expectancy-Value Theory provides a framework for examining key socializers’ beliefs about how good their sons/daughters and
male/female students are at math. As reviewed in the Math Self-Concept section, key socializers believe that boys are more competent
in math than girls and that math is more valuable for boys than girls, beliefs that are related to children’s math self-concepts (Eccles
etal., 2000; Herbert & Stipek, 2005; Lindberg et al., 2008; Lummis & Stevenson, 1990; Stoet et al., 2016). Here, we focus on how key
socializers’ math-gender stereotypes relate to their beliefs about the math competence of the girls and boys they interact with. We also
review research examining the consequences of key socializers’ math-gender stereotypes and child-specific math competence beliefs
for children’s math achievement-related outcomes, and whether these consequences differ depending on children’s age.

Parents’ Math-Gender Stereotypes. Several studies show a connection between parents’ math or math/science gender stereo-
types and children’s math self-concept (Jacobs, 1991; Kurtz-Costes et al, 2008; Tiedemann, 2000b). In a study of adolescents, Jacobs
(1991) found that mothers’ and fathers’ math-gender stereotypes interact with the sex of their child to predict their beliefs about their
children’s math ability and future math success, which in turn predict their children’s math self-concept. Further, both adolescents’
math self-concept and parents’ math-gender stereotypes directly predicted adolescents’ math grades. Strikingly, having parents read a
stereotype consistent report about differences between males’ and females’ math ability led them to change their beliefs about their
own child’s math ability in stereotypic ways (Jacobs & Eccles, 1985).

In a study carried out in Germany, Tiedemann (2000b) extended this work to parents and younger children in 3rd and 4th grade. As
Jacobs (1991) found for adolescents, Tiedemann (2000b) found that mothers’ and fathers’ math-gender stereotypes predicted their
gender-biased perceptions of their own children’s math ability — higher for boys and lower for girls — and these ability perceptions
predicted their children’s math self-concept. One notable developmental difference in the intergenerational relations of parents’ math-
genderstereotypes is that for adolescents, parents’ math-gender stereotypes were related to their children’s math grades (Jacobs,
1991), but this was not the case for elementary school children (Tiedemann, 2000b). These findings suggest that intervening on
parents’ math-gender stereotypes and math expectations may be more effective when children are younger, before parents’ math
attitudes have undermined children’s math achievement over many years.

Further, over a broad range of child ages, parents tend to attribute their sons’ math success to talent and their daughters’ math
success to effort (Eccles et al., 1990; Parsons et al., 1982; Yee & Eccles, 1988). Additionally, mothers of 2nd, 3rd and 5th graders
encouraged their sons, more than their daughters, to participate in STEM-related activities, even though boys and girls do not differ in
their responses to this encouragement (Simpkins et al., 2005).

Mothers’ and fathers’ math-gender stereotypes have also been found to relate to their intrusive homework support with their 5th to
8th grade children. A study carried out by Bhanot and Jovanovic (2005) showed that even though boys received more intrusive support
than girls, girls were more sensitive to this kind of support in the math domain. Moreover, parents’ intrusive math homework support
mediated the negative relation between parents’ math-gender stereotypes and girls’ lower math self-concept.

On a more positive note, parents who reject the math-gender stereotype decrease the susceptibility of their daughters’ math
performance to stereotype threat. Priming the gender of kindergarten to 2nd grade girls led to a decrease in their math performance
compared to a control group, but this was not the case for girls whose mothers strongly rejected the math-gender stereotype (Tom-
asetto et al., 2011). Consistent with findings suggesting that female role models have positive effects on girls’ math and STEM out-
comes, it was specifically mothers’ rejection of the stereotype that led to this buffering (see Halpern et al., 2007 for review).

Teachers’ Math-Gender Stereotypes. Similar findings have been found in studies examining the relation of teachers’ math-gender
stereotypes to their perceptions of students’ math ability. Third and 4th grade teachers in Germany who reported math-gender ste-
reotypes rated their male students’ math ability more highly than their female students’, even though there was not a gender dif-
ferences in math grades (Tiedemann, 2002). Importantly, there were no such gender-biased differences in the ratings of teachers who
did not endorse the math-gender stereotype. Moreover, the relation of teachers’ math-gender stereotypes to their gender-stereotypic
ratings of their students’ math ability was moderated by students’ level of math achievement. That is, teachers’ math-gender ste-
reotypes were connected to their assessments of the math abilities of average and low achieving girls and boys, but not high achieving
girls and boys. This suggests that girls’ high achievement in math can override their teachers’ math-gender stereotypes, likely because
stereotypes tend to come into play to reduce uncertainty about ambiguous data (e.g., Campbell, 1967).

Like parents, teachers also make different attributions about the math successes and failures of girls and boys. For example, 1st
grade teachers were likely to attribute boys’ success in math to talent and attribute their failures in math to lack of effort, whereas they
were likely to attribute girls’ success in math to effort and their failures to lack of ability (Fennema et al., 1990). Further, elementary
school teachers in Germany rated average achieving boys as more talented in math than average achieving girls. They also reported
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that girls would benefit less from effort than boys, even though girls’ and boys’ math achievement did not differ (Tiedemann, 2000a).

Of note, a recent study, carried out in Germany with secondary school girls indicates that the math-gender stereotypes of peers
affect girls’ math self-concept. In this study, the math-gender stereotypes of other students in the classroom as well as girls’ own math-
gender stereotypes, predicted girls’ math-self concept (Wolff, 2021). An interesting question is whether these peer effects are more
prevalent in classrooms where teachers hold a math-gender stereotype.

Differences in Key Socializers’ Math-Related Interactions with Boys and Girls. While it is certainly possible that gender
differences in key socializers’ interactions with young children could reflect evocative effects of children’s interests, there is evidence
that key socializers’ math support is biased by their gender-stereotypic beliefs (Eccles et al. 1990; Jacobs & Eccles, 1992; Gunderson,
Ramirez, Levine et al., 2012). Some studies suggest that teachers’ math-gender stereotypes lead them to call on boys in math class more
than girls (Becker, 1981; Eccles et al., 1983; Lubienski et al., 2013). This is likely to be consequential for math outcomes as Jacobs and
Wigfield (1989) found that having fewer opportunities to respond is associated with a decrease in females’ interest in taking more math
courses (for reviews see Gunderson, Ramirez, Levine et al., 2012; Li, 1999; Master and Meltzoff, 2020). Additionally, Lindberg et al.
(2008) found that mothers who embraced traditional gender roles (e.g., thinking education is more important for boys than girls),
provided their daughters with more math content and more assistance than they provided their sons, even though there was no gender
difference in children’s math knowledge. This was not true of mothers who were more egalitarian in their gender beliefs. If girls find
the math help provided by their more traditional mothers as indicative of their mothers’ low perceptions of their math ability, it could
undermine their math self-concept as well as their interest in math, based on findings showing the negative effects of parents’ intrusive
math homework help (Silinskas & Kikas, 2019).

Key socializers may also convey their math-gender stereotypes to the children they interact with through gender-related differences
in talk and play, which over time may influence children’s interests. For example, parents engage in more spatial talk and spatial play
with their preschool boys than girls (Pruden & Levine, 2017; Levine et al., 2012). Such differences may result from parents’ stereotypes
about children’s math and spatial skills; and may be consequential for children’s long-term math achievement, given close associations
between spatial and math skills (Mix et al., 2016, 2017) and the relation of spatial skills to STEM achievement and career paths (Wai
et al., 2009).

Likely, based on parents’ different behaviors towards boys and girls, children perceive them as holding a math-gender stereotype,
and this has consequences for boys’ and girls’ own math-gender stereotype and math self-concept. Kurtz-Costes et al. (2008) found that
6th and 8th grade boys’ perception of adults’ math/science gender stereotypes led to stronger endorsement of the stereotype and a
more positive math/science self-concept, relations that were not present in 4th grade boys, even though they perceived adults as
holding this stereotype. In contrast, girls’ perception of adults’ math/science gender stereotype had effects at younger ages and were
negatively related to their own math/sciene gender stereotype (4th graders) and to their math/science self-concept (6th graders; Kurtz-
Costes et al., 2008).

Conclusions. Key socializers’ math-gender stereotypes predict their gender-biased perceptions of their children’s/stu-
dents’mathabilities and their attributions about boys’ and girls’ math successes and failures. They also predict their differential
encouragement of boys’ versus girls’ math engagement. Moreover, key socializers’ math-gender stereotypes predict children’s math
self-concept and math-gender stereotype as early as elementary school and the math achievement of middle and high school students.
A question for future research is how key socializers’ math-gender stereotypes affect their math interactions with girls and boys, and
whether intervening on adults’ stereotypes would make these interactions more equitable, would reduce children’s math-gender
stereotypes, and would increase girls’ math self-concepts as well as their math and STEM outcomes.

Interventions

Several different approaches hold promise for alleviating the negative effects of math-gender stereotypes on math achievement-
related outcomes. These interventions can reduce math-gender stereotypes and mitigate the negative effects of these stereotypes on
females’ math and STEM outcomes. However, there has been little intervention work of this sort with young children. As described
below, this is an area in need of systematic research.

Mindset Interventions. Several studies have examined whether mindset interventions mitigate the negative effects of math-
gender stereotypes. Growth mindsets are hypothesized to help females overcome the negative effects of math-gender stereotypes
because this stereotype is fundamentally a belief that math abilities are fixed by virtue of gender group (Aronson et al., 2002;
Dweck,1999; Good et al., 2003). In support of this possibility, as reviewed in the Mindset section, Good et al. (2003) found that a
mindset intervention with 7th grade girls from lower SES backgrounds raised their math performance and eliminated the male
advantage that was present in the control group. Another study, involving college students taking a calculus course, showed that when
females perceived their math environment as endorsing a growth mindset about math this increased their sense of belonging in math,
their math grades, and their intentions to pursue math in the future, even when they perceived their math environment as endorsing
the math-gender stereotype (Good et al., 2012).

To date, little work has addressed whether having a growth mindset protects young girls from the negative effects of math-gender
stereotypes and increases their sense of belonging in math. One study, however, suggests that increasing sense of belonging could be an
important target for interventions with young children (Master et al., 2017). In this study, preschool children completed a task (either
math or spatial) as part of a minimal group (intervention condition) or individually (control condition). Children in the minimal group
condition persisted longer, completed more of the math or spatial task, and reported higher self-efficacy and interest in the task than
children in the control group. This suggests that group math activities could increase children’s sense of belonging in math, which in
turn could increase their STEM motivation and achievement. As described below, this approach may be particularly helpful in
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increasing girls’ math interests given findings that framing STEM careers as more collaborative and communal increases females’
STEM interests (Diekman et al., 2010, 2011). An open question is whether young children’s early awareness of the math-gender
stereotype is already starting to erode girls’ sense of belonging in math, and whether this is particularly the case for girls with a
fixed mindset.

Providing Substantive Feedback. As reviewed in the Mindset/Implicit Theory section, providing children with feedback about
their performance in the form of process praise rather than person praise. is effective in supporting children’s math motivation,
persistence and achievement (Gunderson, Sorhagen, et al., 2018; Mueller & Dweck, 1998). Further, criticisms that focus on learning
and strategies for improvement support children’s math outcomes (e.g., Gunderson, Donnellan, et al., 2018; Heyman & Dweck, 1998).
Importantly, the pattern of positive and negative feedback that teachers more commonly provide to girls than boys may undermine
their math achievement (e.g., Dweck et al., 1978). Further, the feedback young girls receive in math contexts may be particularly
influential, given their lower math self-concept, higher math anxiety, greater tendency to adopt helpless responses in the face of
failure, and the fact that they are stereotyped to have low math ability (see Halpern et al., 2007 for review).

Creating Environments that Increase Females’ STEM Interests. Research by Diekman et al. (2010, 2011) suggests that the
higher endorsement of communal goals by women and the belief that STEM careers do not fulfill communal goals may contribute to the
underrepresentation of women in STEM. Building on females’ communal goals goals and framing STEM careers as more collaborative
compared to more individualistic increased female college students’ interest in pursuing these careers and did not lessen male stu-
dents’ interest in these careers (Diekman et al., 2011). Thus, highlighting the communal aspects of STEM work—that it is collaborative,
involves helping people, and benefits humanity—may increase females’ interest in STEM careers. An important question for future
research is whether this kind of framing would increase young girls’ interest in STEM.

Role Models. The use of counter-stereotypic role models to increase females’ interest in STEM is motivated by theories positing
that individuals’ gender role stereotypes, behaviors, and aspirations are influenced by their observations of the roles typically filled by
males and females in their society (Bigler & Liben, 2006; Eagly & Wood, 2011; Bem, 1981). Based on these theories, studies have
examined the effects of exposing individuals to counter-stereotypical gender role models and have found that this type of intervention
can change gender stereotypes as well as self-efficacy beliefs, career aspirations and STEM performance in adolescents and adults (e.g.,
Diekman & Eagly, 2000; see Olsson & Martiny, 2018 for review).

A successful intervention with 12- to 16-year-old girls in Spain evaluated an intervention that involved having female STEM leaders
visit participating classrooms. Results showed a pretest to posttest increase in girls’ math enjoyment, perceptions of the importance of
math, expectations of success in math, and STEM aspirations, and a decrease in girls’ math-gender stereotype. The reduction of the
math-gender stereotype was strongly related to the importance girls placed on doing well in math. Further, the intervention was more
effective if participants perceived the sessions to be highly counter-stereotypical with respect to STEM in that they emphasized the
importance of communication, teamwork, and social skills in STEM, in line with Diekman et al.’s findings (2010, 2011). Consistent
with these results, several role model interventions utilizing random assignment of participants into intervention and control groups
found positive effects of counter-stereotypic role models and mentors on STEM outcomes of adolescents and adults (Stoeger et al.,
2016; Stout et al., 2011; see Van den Hurk et al., 2019 for review).

Counter-stereotypic role model interventions are not always successful, however, and their success depends on several factors,
including the extent to which individuals identify with the role model and the extent to which they view the achievements of the role
model as attainable (Olsson & Martiny, 2018). A study that involved having 6th and 7th graders highlights this kind of limitation. In
this study, students read about STEM or non-STEM role models who were either highly feminine or not. Findings showed that for girls
who did not already identify with STEM, highly feminine STEM role models were de-motivating because this combination was viewed
as unattainable (Betz & Sekaquaptewa, 2012). Relatedly, undergraduate women induced to hold a growth mindset about a leadership
ability were more likely to benefit from a counter-stereotypical role model than undergraduate women induced to hold an entity
mindset about this ability (Hoyt et al., 2012). This is likely because holding a growth mindset about the targeted ability leads them to
believe it is possible for them to attain the success of the role model.

A few studies have examined the effects of gender counter-stereotypical role models in preschool and elementary school children.
Whereas role model interventions with older adolescents and college students may help retain students who are already pursuing
STEM interests and inspire others to explore STEM as a possible career path, interventions with young students mainly fall into the
latter category. Many of these studies involve exposing young children to role models through literature or commercials, but some
involve in-person role models (e.g., Nhundu, 2007; Tozzo & Golub, 1990; Trepanier-Street & Romatowski, 1999; see Abad & Pruden,
2013 for review of storybook interventions; and Olsson & Martiny, 2018 for review of interventions that have focused on young
children). The duration of interventions also varies from one exposure to counter-stereotypic information to more intensive multi-year
interventions that are incorporated into school curricula (e.g., Ashton, 1983; Nhundu, 2007; Tozzo & Golub, 1990; Trepanier-Street &
Romatowski, 1999).

Perhaps the most intensive role model intervention to date was a three-year study of 4th to 7th grade students in Zimbabwe. The
intervention involved exposing children in the intervention condition to biographies of inspiring females with gender-counter-
stereotypical careers and children in the control condition to traditional educational materials. The books in the intervention
emphasized the message that anybody can do a job they like if they get training and become skillful. Even though there were some
issues with randomization, it is important to review this study due to its long-term nature and interesting findings. The results showed
that girls in the intervention condition showed significant shifts in their career interests compared to pretest and were more interested
than those in the control condition in careers that are typically stereotyped to be for males. However, the intervention did not eliminate
gender-stereotypic beliefs about family responsibilities (i.e., that once women marry, they should give up their careers). These findings
suggest that in order to have sustained, meaningful effects on females’ career choices, interventions need to address broad gender-
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stereotypic beliefs, including beliefs about family responsibilities and career beliefs. Moreover, interventions are likely to have greater
success if they address gender stereotypes not only with girls, but also with boys, families, and the broader community that girls are a
part of (Olsson & Martiny, 2018).

Emphasizing the Relation of Occupations to Skills. Another approach to broadening young children’s career interests involves
highlighting that careers depend on skills and interests rather than gender. In one such study, 6- to 11-year-old children in the
intervention group received one week of 20-minute lessons emphasizing the importance of interests and skills, rather than gender, in
occupations (e.g., a construction worker has to like building things and know how to operate a bulldozer). In contrast, children in the
control group received lessons that focused on what people in particular occupations do (Bigler & Liben, 1990). At post-test, children in
the intervention condition showed less gender stereotyping of careers than the children in the control group, including careers not
covered in the lessons. However, this change in gender stereotyping was not accompanied by a change in children’s own career as-
pirations. Rather, most children in both conditions chose a gender-stereotypic career.

These findings make sense given the relatively short duration of the intervention and the massive amount of gender-stereotypic
information children receive from socializers, peers, the media, and society in general about the roles of males and females. Thus,
these findings highlight an important limitation of interventions that focus on increasing children’s interests in counter-stereotypic
careers: They may decrease the math-gender stereotype but not change children’s own career aspirations. This suggests that in
order to broaden children’s career interests beyond those that are gender-stereotypic, including their interests in math and STEM,
interventions need to be sustained and to involve not only children, but key socializers and the broader community.

Intergenerational. Related to taking a more comprehensive approach to increasing girls’ STEM interests, there have been suc-
cessful intergenerational approaches to increasing the STEM interests of high school students, both males and females. For example,
Harackiewicz et al. (2012) conducted an experiment in which parents and their high school students were randomized into an
intervention group that received brochures and an associated website about the utility of math and science for careers and everyday
activities or were placed in a business as usual control condition. The intervention increased parents’ utility-value of STEM courses and
their conversations with their children about STEM courses. Most importantly, their children took more advanced and elective STEM
courses in high school. Further, the intervention increased students’ utility-value for STEM courses, an effect that was mediated by
increases in parents’ utility-value for STEM courses and students’ reports of STEM conversations with parents. An important question
for future research is whether an adapted form of this kind of intervention would be effective for younger children and whether it could
be used to reduce parents’ math-gender stereotypes, their gender-related support of STEM, and the negative effects of these beliefs and
behaviors on children’s math-related outcomes.

Conclusions. A variety of different intervention approaches hold promise for addressing adolescents’ and adults’ math-gender
stereotypes. However, we need more research examining the effectiveness of these approaches with young children, a time when
children’s math-gender stereotypes may be more malleable. Moreover, we have little information about whether positive short-term
effects that result from interventions are sustained over time. It is likely that to have long-term positive effects on girls’ math attitudes
and math achievement, interventions will need to be comprehensive, long-term, and start early, before their math-gender stereotypes
have eroded their math achievement and interests.

What we know and questions for future research

To recap, we have seen that the math-gender stereotype emerges by early elementary school, particularly at the implicit level.
Moreover, the implicit math-gender stereotype negatively predicts girls’ math achievement by early elementary school, controlling for
the explicit stereotype. Additionally, children’s math-gender stereotypes are related to their math self-concepts by mid-elementary
school, in a negative direction for girls and a positive direction for boys. Further, by adolescence, the math-gender stereotype is
related to math anxiety (see EMAA model, Fig. 1). Research also shows that the math-gender stereotypes of parents and teachers are
connected to children’s math attitudes and math achievement, most likely through the different attributions that socializers make
about girls’ and boys’ math abilities and the gender-related behaviors they engage in with children.

Our review also highlights critical avenues for future research. There are important questions about how cultural context moderates
the development of math-gender stereotypes that are deserving of attention. The use of different measures to assess math-gender
stereotypes makes it difficult to compare the results of studies carried out in different cultural contexts. Basic research that in-
vestigates how the same children respond to different measures would be helpful in interpreting inconsistent findings and the relation
of cultural contexts to math-gender stereotypes.

Moreover, we currently lack information about whether starting to intervene on the math-gender stereotype at early ages is an
effective way to reduce the negative effects of this stereotype. Indeed, research is needed to increase our understanding of the kinds of
interventions that are most effective at particular developmental time points, and whether this varies depending on cultural and
demographic differences. It is likely that long-term interventions are needed in order to counteract the massive amount of stereotype
congruent information children receive from multiple sources. Relatedly, we need to develop and test more comprehensive, inter-
generational and community-based interventions to determine whether this kind of approach results in more positive outcomes than
child-focused interventions.

General discussion

Our final section highlights what we have learned and future directions concerning the development of math attitudes and their
relation to children’s math achievement In addition, we highlight what we have learned and future directions concerning the relations
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among key socializers’ math attitudes, their math interactions with children, and children’s math achievement and attitudes.
Throughout, we tie our discussion to our proposed Early Math Achievement-Attitude model (EMAA model), which focuses on the
emergence of math achievement-attitude relations, and is thus based, as much as is currently possible, on findings from studies of young
children.

Relation of math attitudes and math achievement

By early elementary school, children’s self-relevant and general math attitudes are associated with math achievement (Ambady
et al., 2001; Gunderson, Park et al., 2018; Pantoja et al., 2020). Moreover, lagged correlational findings indicate that math
achievement predicts math attitudes, including math anxiety, math self-concept, and achievement goals, more strongly than the
reverse as is shown in the EMAA model (Ching et al., 2020; see Fig. 1). Thus, efforts to support early math learning—which typically
focus on building math concepts and skills—may also be effective in building positive math attitudes. However, we need experiments
that assess whether these relations are causal. For example, a potential experiment could compare the effects of a combined cognitive-
affective intervention on the math achievement and math attitudes of young children to interventions that address only one of these
components. Further, intervening early might be particularly effective, as young children’s math attitudes are less closely linked to
their math achievement than later in development, and thus negative links may be more malleable. Understanding why child math
achievement is predictive of child math attitudes is also important, as there may be mechanisms, such as children’s interpretation of
their math achievement and their experience with key socializers during math activities, that explain the early emerging relation of
math achievement to math attitudes.

In addition to the need for experiments that can provide evidence of causal links between math attitudes and math achievement,
there are various other research directions that would enhance our current knowledge about the development of the math achievement
* math attitude link. One topic that has received little attention is the stability of math attitudes over development. Although we know
that math self-concept becomes more stable over time (Wigfield et al., 1997), longitudinal studies are needed to determine whether
this is the case for other attitudes. Another important next step is to examine when children’s math attitudes begin to predict not only
math achievement, but also a wider range of math outcomes. One challenge to addressing this question is that until children are in high
school, they typically do not make decisions about math course taking or career directions. However, young children’s behaviors in
math situations (e.g., math problem solving strategies, math study strategies, preference for challenging math, interest in math clubs
and activities, and nascent career interests) may shed light on the scope of early math attitude * math behavior relations. Finally,
research is needed to understand the development of math attitudes and their relation to math achievement in different cultural
contexts, as well as in underrepresented minority groups, as most studies have used convenience samples which overrepesent people
from Western, educated, industrialized, rich and democratic (WEIRD) backgrounds.

Relation of math attitudes to each other

Our understanding of math attitude * math achievement relations would be enhanced by characterizing constellations of math
attitudes in young children, and how these constellations predict math achievement. Although many studies have examined the
relation of one or a small set of math attitudes to math achievement, we are just beginning to understand how these math attitudes may
influence each other and jointly predict young children’s math achievement.

Existing findings raise the possibility that certain math attitudes, in particular math achievement goals (performance or learning)
and math-gender stereotypes, serve as hub attitudes that have consequences for other math attitudes (e.g., math anxiety and math self-
concept), as is shown in the EMAA model (see Fig. 1). In support of this possibility, achievement goals, which are an early emerging
feature of motivational frameworks predict young children’s math anxiety, but not the reverse. Further, math-gender stereotypes
predict identification with math and math self- concept by early elementary school as well as math anxiety by adolescence. (Casad
etal., 2015; Cvencek et al., 2011, 2015; Wigfield et al., 1997). However, more work, particularly with young children, is needed to test
whether certain math attitudes serve as hub attitudes that lead to other math attitudes, either positive or negative. One way to test this,
is to examine whether intervening and successfully improving an early math attitude such as achievement goals or the math-gender
stereotype also changes math anxiety and math self-concept, and whether this transfer effect is stronger than the reverse approach (e.
g., intervening on math anxiety may have a smaller effect on math achievement goals and math-gender stereotypes)

Another interesting research question concerns the relation between the math-gender stereotype and mindset. It is likely that math-
gender stereotypes and mindset are related to each other because the math-gender stereotype is fundamentally a fixed view of math
ability. That is, the stereotype that males are better at math than females, rests on the view that some groups have more fixed, bio-
logically based math ability than other groups. Thus, those who exhibit the math-gender stereotype, either implicitly or explicitly, may
be more likely to have a fixed mindset about math ability whereas those who do not exhibit the stereotype may be more likely to have a
growth mindset about math ability. Another open question is how the math-gender stereotype relates to math performance versus
learning goals. One possibility is that the math-gender stereotype is associated with girls’ performance goals, since performing well
may be viewed as a way to disprove the stereotype. To our knowledge the relations of these attitudes have not been systematically
examined in children or adults.

Gender differences
During elementary school, boys are less math anxious and have higher math self-concepts than girls (Dowker et al., 2012;
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Gunderson, Park et al., 2018). These mean-level gender differences in math anxiety and math self-concept suggest that math-gender
stereotypes may play a role in shaping these math attitudes. Indeed, by early elementary school, girls and boys show implicit math-
gender stereotypes, and these stereotypes are associated with girls’ lower identification with math and boy’s higher identification with
math.

While some studies show significant gender differences in mindset and others do not, studies that find a significant difference
consistently show the same pattern: boys have a stronger growth mindset than girls. This is unfortunate given that having a growth
mindset has been found to buffer the negative effects of the math-gender stereotype on females’ math achievement and sense of
belonging in math, at least for college students. An important unanswered question is whether the gender difference in mindset is
stronger for mindset about math ability than for mindset about ability in other academic domains.

Studies have also examined whether there are gender differences in math attitude * math achievement relations. Existing research
shows that the math self-concept * math achievement relation is similar for boys and girls. There are inconsistent findings with respect
to gender differences in the math anxiety * math achievement relation, with some studies finding a stronger relation in boys, others
finding a stronger relation in girls, and others finding no gender differences in this relation. One consistent finding is that the math-
gender stereotype, and particularly the implicit math-gender stereotype, is negatively related to girls’ but not boys’ math achievement.
An important next step involves increasing our understanding of the factors that lead to the development of gender differences in math
attitudes and their relations to math achievement-related outcomes.

Key socializers

We reviewed three types of math attitudes key socializers hold: general (math-gender stereotypes, mindsets), self-relevant (math
anxiety, math self-concept), and child-specific (socializers’ expectations and value of math for their child or student). We found that
key socializers’ math attitudes are related to each other, as is the case for children. For example, parents with high math anxiety have
lower expectations and value of their children’s math achievement (Schaeffer et al., 2018). Additionally, teachers with high math
anxiety are less confident in their ability to teach math effectively (Richland et al., 2020), and those with a fixed mindset are likely to
adopt performance oriented rather than mastery-oriented teaching goals (Park et al., 2016). Further, both teachers’ and parents’ math-
gender stereotypes predict their biased child-specific math beliefs, such that they think the girls they interact with are less competent in
math than the boys they interact with, when there are no discernable gender differences in boys’ versus girls’ math abilities. Further,
key socializers’ math-gender stereotypes have been linked to differences in their math interactions with boys and girls.

Multiple studies have shown that parents’ and teachers’ math attitudes are predictors of children’s math attitudes and math
achievement. For example, key socializers’ child-specific math beliefs predict children’s math self-concept and math achievement.
Further, teachers’ fixed mindsets predict their performance oriented instructional practices, which in turn predict children’s entity-
oriented motivational frameworks. It is likely that the mechanism through which key socializers’ math attitudes predict children’s
math attitudes and math achievement is through key socializers’ behaviors, as is shown in the EMAA model (see Fig. 1). The relation of
key socializers’ early math engagement to children’s math achievement has been consistently shown (e.g., Berkowitz et al., 2015;
Gunderson & Levine, 2011; Levine et al., 2010; see EMAA model, Fig. 1). In addition, key socializers’ math attitudes predict their
interactions with their children and students (e.g., Berkowitz et al., 2021; del Rio et al., 2017; Park et al., 2016; Wigfield et al., 2006,
2015).

There are several important research directions that would enrich our current knowledge about the relation of key socializers’ math
attitudes and behaviors and children’s math achievement and attitudes. Most current studies focus on either parent—child or teacher
child interactions, but not both. Moreover, studies focusing on parents, mainly focus on mothers. We would gain important infor-
mation by widening the lens of research to examine how the attitudes and behaviors of mothers, fathers, teachers, and other caregivers,
as well as siblings and peers, jointly influence children’s math outcomes. For example, is having one key socializer with negative math
attitudes detrimental to children’s math achievement and math attitudes, or is having one key socializer with positive math attitudes
protective of children’s math achievement and math attitudes?

An important research direction involves obtaining more detailed information about the mechanisms that underlie the relation of
key socializers’ math attitudes and young children’s math outcomes. Observing and coding key socializer-child math interactions can
inform our understanding of these mechanisms by providing detailed, qualitative information that goes beyond what can be obtained
through questionnaires or even through experiments that provide evidence that intervening on socializers’ math attitudes (e.g., their
math anxiety) leads to children’s higher achievement. Examining key socializer-child interactions can provide answers to questions
such as: Does the socializer focus on outcomes and/or process during math problem solving when providing homework help? Does the
socializer prompt the child in order to promote mastery, or do they provide intrusive support during math interactions? How does the
socializer praise and criticize the child? Does the socializer communicate negative feelings about math through verbal or nonverbal
cues? With this kind of information, researchers will be in a stronger position to identify the practices that are most predictive of
positive and negative math outcomes for children, which is critical to the design of effective interventions.

Another open question is whether children’s attitudes and achievement in math—compared to other domains—are particularly
sensitive to key socializers’ behaviors. This may be the case, as children’s math performance is regularly evaluated based on the
correctness of their answers. Related to this focus on answers, existing research suggests that some young children focus more on
outcomes than on the process of learning. Because of the objective nature of the answers to math problems, an outcome focus may lead
to the development of negative math attitudes, especially for children who face challenges in learning math. Relatedly, another
important avenue for research involves examining the role that children themselves play in key socializers’ child-specific math atti-
tudes and behaviors.
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Interventions

Related to the role of key socializers in the development of children’s math attitudes and math achievement, intergenerational
interventions that involve parents and their children have yielded promising results. For example, parents’ child-specific math atti-
tudes are malleable, particularly their expectations and value of math for their children. Moreover, improving these child-specific
attitudes in turn may improve parent—child math interactions. Another kind of intergenerational approach involves supporting
parent—child math interactions (e.g., by providing fun, low-stakes math materials) which in turn can increase socializers’ child-specific
math attitudes (Schaeffer et al., 2018; see Fig. 1), and enhance children’s math learning. Effective interventions will likely involve co-
development with families, which will lead to approaches that build on current practices that could or already include math (e.g., Civil
& Bernier, 2006). Whether combining these approaches—addressing parents’ child-specific math beliefs and addressing their math-
related behaviors—yields more positive results than an approach that focuses on math beliefs or math behaviors alone is a ques-
tion that deserves attention.

Child-focused interventions may also be effective as math attitudes may be particularly malleable at young ages. Home and school
math experiences that are enjoyable, that focus on the process of learning rather than the outcome, and that build children’s math skills
might be particularly effective in improving young children’s math attitudes. It is also possible that addressing “hub” math attitudes (e.
g., achievement goals, stereotypes) might have beneficial effects on other math attitudes (see EMAA model, Fig. 1). However, the
effectiveness of interventions appear to vary with development. Notably, affective interventions that have improved adolescents’ math
achievement, such as expressive writing prior to taking a math test, have been shown to harm young children’s math achievement. An
unanswered question is whether interventions that focus on both cognitive and affective aspects of math attitudes may be particularly
effective in improving math outcomes. Research with adolescents, has shown that interventions that focus on beliefs as well as the
control of stress may be effective and help with transfer of benefits (Jamieson et al., 2018; Yeager et al., 2016). An important next step
is to examine whether such combined approaches are particularly beneficial for math outcomes, and for what age groups.

Finally, we need to develop and evaluate the effectiveness of interventions on long term math outcomes. Interventions that have
sustained effects on children’s math attitudes and math achievement will likely require addressing math learning and math attitudes
throughout development using evidenced-basedmethods that are tuned to children’s development and cultural context. Importantly,
basic research on the development of math knowledge and attitudes needs to proceed hand in hand with intervention work. Basic
research can enrich our understanding of the mechanisms that lead to the development of virtuous or vicious relations of math
achievement and math attitudes, and can inform intervention research. In turn, the results of intervention studies are likely to raise
new and important questions that will stimulate basic research. Focusing our attention on the early development of math achievement
* math attitude relations in diverse populations, with the goal of promoting positive math attitudes and high math achievement for
every child, holds promise for promoting math excellence, social equity, and innovations that can benefit society.
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