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The present study examined to what extent teachers’ judgments of students’ 
aptitude and students’ perceived teachers’ judgments explain gender differences 
in the early development of students’ math self-concepts. A sample of N  =  519 
elementary school students was investigated at four measurement occasions 
from the end of third until the end of fourth grade. We assessed students’ self-
concepts and their perceived teachers’ judgments of their aptitude in math. 
Teachers (N  =  27) judged students’ aptitude in math and provided students’ math 
grades. First, we  found significant gender differences in students’ math self-
concepts, teachers’ judgments, and students’ perceived teachers’ judgments, but 
not in students’ math grades. Second, structural equation models showed that 
teachers’ judgments of students’ aptitude as well as students’ perceived teachers’ 
judgments of students’ aptitude longitudinally predicted students’ self-concepts. 
Mediation analyzes demonstrated that teachers’ judgments and students’ 
perceived teachers’ judgments contributed to gender differences in students’ 
math self-concepts. Implications for future research and practice are discussed.
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1. Introduction

The underrepresentation of women in STEM (science, technology, engineering, and math) 
careers and girls in such majors in high school are persistent challenges (see Lauermann et al., 
2015). Women make up only 28% of the workforce in STEM related professions (National 
Science Board, 2018). This underrepresentation is problematic both because women 
disproportionately fail to benefit from lucrative, high-status careers, and because this reduces 
diversity that could increase technological and scientific innovations (Hill et  al., 2010). 
Accordingly, the question arises whether girls and women are underrepresented in the STEM 
sector? In addition, it would be desirable and necessary to recruit girls and women for this field 
in view of the shortage of skilled workers and the declining number of students in the STEM 
sector (Federal Statistical Office, 2023). In the current study, we focus on the math domain, 
because math is an important element not only for mathematicians, but in all STEM disciplines. 
As the roots of this underrepresentation start early (Master and Meltzoff, 2020), we focus on 
elementary school students in order to examine effects on the gender gap in math early during 

OPEN ACCESS

EDITED BY

Yiming Cao,  
Beijing Normal University, China

REVIEWED BY

Xiang Hu,  
Renmin University of China, China  
Katja Upadyaya,  
University of Helsinki, Finland

*CORRESPONDENCE

Katharina Reschke  
 Reschke@ibw.uni-heidelberg.de

RECEIVED 11 November 2022
ACCEPTED 17 July 2023
PUBLISHED 01 August 2023

CITATION

Reschke K, Steinmayr R and Spinath B (2023) 
Predicting students’ math self-concepts to 
explain gender differences through teachers’ 
judgments and students’ perceived teachers’ 
judgments.
Front. Educ. 8:1096148.
doi: 10.3389/feduc.2023.1096148

COPYRIGHT

© 2023 Reschke, Steinmayr and Spinath. This is 
an open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic practice. 
No use, distribution or reproduction is 
permitted which does not comply with these 
terms.

TYPE Original Research
PUBLISHED 01 August 2023
DOI 10.3389/feduc.2023.1096148

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2023.1096148﻿&domain=pdf&date_stamp=2023-08-01
https://www.frontiersin.org/articles/10.3389/feduc.2023.1096148/full
https://www.frontiersin.org/articles/10.3389/feduc.2023.1096148/full
https://www.frontiersin.org/articles/10.3389/feduc.2023.1096148/full
https://www.frontiersin.org/articles/10.3389/feduc.2023.1096148/full
https://www.frontiersin.org/articles/10.3389/feduc.2023.1096148/full
mailto:Reschke@ibw.uni-heidelberg.de
https://doi.org/10.3389/feduc.2023.1096148
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2023.1096148


Reschke et al. 10.3389/feduc.2023.1096148

Frontiers in Education 02 frontiersin.org

the school trajectory. Empirical evidence shows that in the early 
school years boys and girls do not significantly differ in their math 
achievement and if so, the differences were very small (e.g., Hyde et al., 
1990; Herbert and Stipek, 2005; Else-Quest et al., 2010; Reilly et al., 
2015; Heyder et al., 2019). Therefore, students’ math achievement 
cannot be the initial starting point for the gender gap in STEM. Aside 
from students’ actual achievement, it seems more likely that students’ 
beliefs about their own competencies, namely their self-concepts, 
might play an important role for choosing STEM majors and careers 
(see Lauermann et al., 2015, 2017). Indeed, there is ample evidence for 
gender differences in students’ math self-concepts from elementary 
school on, with boys showing higher self-concepts in math than girls 
(e.g., Else-Quest et al., 2010; Heyder et al., 2019). But how can these 
gender differences in students’ math self-concepts be explained? There 
is a strong need to bring forth insights in order to understand when 
and why girls develop lower math self-concepts.

The development of gender differences in students’ math self-
concepts is complex with multiple causes. Expectancy-Value Theory 
(Eccles et al., 1983) assumes that previous achievement, socializers’ 
judgments (e.g., from teachers and parents) as well as students’ 
perceptions of these judgments have an impact among others on 
students’ self-concepts. Various studies have showed that students’ 
achievement cannot explain gender differences in students’ self-
concepts (e.g., Else-Quest et al., 2010; Heyder et al., 2019). Instead, it 
was shown that teachers’ judgments of students’ aptitude might 
partially explain the relationship between gender and students’ self-
concept in a cross-sectional study (Heyder et al., 2019). Beyond these 
prior studies, we not only examined teachers’ judgments of students’ 
aptitude but also students’ perceived teachers’ judgments as possible 
factors that might explain gender differences in students’ math self-
concepts. We  also extend the literature by taking a longitudinal 
approach focusing on the early stage of math education. Understanding 
the onset of gender differences in math can help to prevent them from 
increasing during the school trajectory. First, we  analyzed mean 
differences in students’ math grades, teachers’ judgments of students’ 
aptitude in math, students’ perceived teachers’ judgments, as well as 
students’ math self-concepts. Second, we  computed a longitudinal 
structural equation model with teachers’ judgments, as well as students’ 
math self-concepts. Third, we  computed a longitudinal structural 
equation model with teachers’ judgments of students’ aptitude and 
students’ perceived teachers’ judgments as predictors of students’ math 
self-concepts. In this model, it was tested whether teachers’ judgments 
and students’ perceived teachers’ judgments predicted students’ 
subsequent self-concepts and whether the effects of teachers’ judgments 
on students’ self-concepts were mediated by students’ perceived 
teachers’ judgments. Finally, we checked whether gender differences in 
mathematical ability self-concepts were mediated by teachers’ 
judgments and students’ perceived teachers’ judgments. The findings 
of this study contribute to a better knowledge about underlying 
processes of gender differences in students’ math self-concepts.

2. Theoretical background

2.1. Academic self-concept: definition, 
development and gender differences

Academic self-concepts are defined as individuals’ evaluation or self-
perceptions of their competence in certain domains (Shavelson et al., 

1976; Eccles et al., 1983). Academic self-concepts are typically measured 
via self-report and assessed by asking students’ how good they think they 
are in a specific domain such as Math (Eccles et al., 1983). Therefore, the 
construct is domain-specifically operationalized and students’ self-
concepts vary across different subjects. For the development of academic 
self-concepts, researchers have commonly identified three prominent 
comparison processes: social, temporal, and dimensional comparisons 
(Wolff et al., 2018). The social comparison means that students compare 
their own achievement with that of their classmates, whereas the 
temporal comparison addresses the comparison of one’s actual 
achievement with previous results. The dimensional comparison process 
refers to a comparison of one’ achievement across domains (e.g., math 
versus verbal achievement). Due to this dimensional comparison effects, 
the I/E model (Marsh, 1986) assumes that math achievement negatively 
relates to students’ verbal self-concepts, whereas verbal achievement has 
a negative effect on students’ math self-concept.

At the beginning of primary school, students have quite high, 
positive self-concepts, which decrease and stabilize over the school years 
(Jacobs et al., 2002). During this time, students are very sensitive to social 
comparisons, feedback and evaluations from their teachers (Spinath and 
Spinath, 2005a; Natale et al., 2009), which is reflected in an adjustment 
of the self-concept. Because students’ self-concepts develop and form in 
elementary school, it was important for us to examine at such an early 
stage what factors can predict gender differences in students’ math self-
concepts. This is why findings are so important and necessary, so that 
negative developments can be prevented at an early stage.

Empirical evidence highlights gender differences in students’ math 
self-concepts in favor of boys. Studies found boys to have higher self-
concepts in math compared to girls already in elementary school with 
effect sizes ranging from d = 0.36 to d = 0.52 (Wigfield et  al., 1997; 
Tiedemann, 2000; Dickhäuser and Stiensmeier-Pelster, 2003; Herbert 
and Stipek, 2005; Chamorro-Premuzic et al., 2010; Steinmayr et al., 
2019). Other studies reported correlations between students’ gender and 
students’ math self-concepts with r = 0.20 for elementary school students 
(Jacobs et al., 2002). Fredricks and Eccles (2002) as well as Jacobs et al. 
(2002) found in their longitudinal study gender differences in students’ 
math self-concepts both in elementary school and secondary school. The 
gender gap was larger in elementary school. Girls had a less steep decline 
in their self-concepts over time compared to boys which led to a 
convergence of girls’ and boys’ math self-concepts in secondary school 
(Fredricks and Eccles, 2002; Jacobs et al., 2002). Besides these primary 
studies, two meta-analyzes found significant differences between boys 
and girls in students’ math self-concept with an average effect size of 
d = 0.25 (Wilgenbusch and Merrell, 1999) and d = 0.33 (Else-Quest et al., 
2010). Summing up, the presented results show that boys have higher 
math self-concepts than girls across the school years. Given these gender 
differences in students’ math self-concepts, it is worthwhile to look for 
factors that can explain why boys have significantly higher self-concepts 
in math compared to girls about school time. We used the Expectancy-
Value-Model by Eccles et al. (1983) as theoretical basis, because this 
model makes assumptions about specific factors influencing students’ 
self-concepts.

2.2. Expectancy-value theory

Expectancy-Value-Theory (EVT) by Eccles et  al. (1983) is a 
conceptual framework for the development of achievement 
motivation. The model was originally designed to explain gender 
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differences in achievement-related motivation and behavior. EVT 
differentiates two motivational constructs that are hypothesized to 
influence students’ achievement and education-related choices (e.g., 
course plans in secondary school or career choices). These 
motivational constructs are expectancies and task values. In the 
present study, we only focus on academic self-concepts as expectancies, 
because large gender differences were found in this construct. EVT 
holds that students’ self-concepts are influenced by (1) students’ stable 
characteristics such as their aptitude and previous achievement 
outcomes, (2) socializers’ beliefs such as teachers’, parents’ or peers’ 
beliefs, and (3) students’ perception of socializers’ beliefs and 
expectations for them. Furthermore, the model holds that socializers’ 
beliefs influence students’ self-concepts indirectly through students’ 
perceptions of socializers’ beliefs. In the present study, we focused on 
teachers as socializers, because they represent a major environmental 
influence on children’s development and might be especially important 
for the formation of students’ self-concepts in elementary school as 
teachers are the first point of contact for feedback and information on 
students’ own achievement and abilities (Tiedemann, 2000; 
Gunderson et al., 2012). Moreover, as EVT assumes effects of teachers’ 
judgments and students’ perceptions of these judgments on their self-
concepts but not on their motivation such as interest or utility value, 
we focused on students’ self-concepts as outcomes in our study.

2.3. Predicting students’ math 
self-concepts to explain gender differences

Based on the theoretical assumptions of EVT and the I/E model, 
this section will present previous results of empirical studies that 
examined whether students’ achievement, teachers’ judgments of 
students’ aptitude as socializers’ beliefs as well as students’ perceived 
teachers’ judgments can predict students’ math self-concepts and 
whether these factors play a role in explaining gender differences.

2.3.1. Students’ achievement
The relationship between students’ academic achievement and 

their self-concepts in a specific domain is well-established. Findings 
from countless studies showed the association between academic 
achievement and corresponding self-concepts to vary from moderate 
to highly positive correlations with r = 0.30–0.60 (Helmke and van 
Aken, 1995; Guay et al., 2003; Valentine et al., 2004; Marsh et al., 2005; 
Möller et al., 2009; Marsh and Martin, 2011). Furthermore, there is 
ample evidence that students’ previous academic achievement has an 
impact on students’ subsequent self-concepts (e.g., Helmke and van 
Aken, 1995; Skaalvik and Valås, 1999; Viljaranta et  al., 2014). 
Moreover, the association between academic achievement and 
students’ self-concepts depends on students’ age. Students in 
elementary school often have very positive self-concepts with little 
variation, which leads to a weak correlation between students’ self-
concepts and grades. Self-concepts become more realistic in the sense 
of more in line with external criteria when students grow older, 
leading to more interindividual variation and a stronger relationship 
between students’ self-concepts and grades (Jacobs et al., 2002; Spinath 
and Spinath, 2005a,b). Besides the positive correlations between 
performance and self-concept in the same domain, numerous studies 
as well as several meta-analyzes found support for the assumption of 
the I/E model, namely that students’ verbal achievement is negatively 

related to students’ math self-concept (Möller et al., 2009, 2020; Marsh 
et  al., 2015). However, this research indicated that social and 
dimensional comparison effects of academic achievements on self-
concepts are much smaller in elementary school children than 
secondary school students (Möller et  al., 2011; Ehm et  al., 2014; 
Lohbeck and Möller, 2017; Möller et al., 2020).

Due to these reported associations between students’ achievement 
and self-concepts, academic achievement can be an explaining factor 
for gender differences in students’ math self-concepts. In order to 
discuss whether students’ achievement might explain gender 
differences in students’ math self-concepts in more detail, the 
following section will shed light on gender differences in students’ 
math achievement. Results from two meta-analyzes showed very small 
gender differences in math achievement in favor of boys with effect 
sizes d = 0.13 (Hyde et al., 1990) and d = 0.07 (Reilly et al., 2015). The 
authors also identified significant moderators. In one meta-analysis 
(Hyde et al., 1990), gender differences in students’ math achievement 
depended on the mathematical content. Boys and girls did not differ 
in their achievement for algebra, arithmetic, and geometry, but only 
for calculus (d = 0.20). In the other meta-analysis (Reilly et al., 2015), 
students’ age turned out to be a moderator of gender differences in 
students’ math achievement. Whereas boys and girls did not differ in 
their achievement in elementary school, differences were found at the 
end of high school. This finding is in line with that of a study by 
Steinmayr and Spinath (2008) showing boys to outperform girls in 
math achievement in 11th and 12th grade (d = 0.19). In PISA 2018, 
only very small gender differences in students’ math achievement were 
found in favor of boys with five points across all OECD states (OECD, 
2019). In contrast to these findings, other studies found no significant 
gender differences in students’ math achievement for students’ grades 
(Marsh and Yeung, 1998; Tiedemann, 2000; Dickhäuser and 
Stiensmeier-Pelster, 2003; Chamorro-Premuzic et  al., 2010; Wach 
et al., 2015) and standardized test achievement (Marsh and Yeung, 
1998; Herbert and Stipek, 2005; Heyder et al., 2019). A meta-analysis 
by Else-Quest et al. (2010) and results from the recent Trends in Math 
and Science Study (TIMSS; Mullis et al., 2016) reported no significant 
gender differences in students’ math achievement. Achievement 
differences between boys and girls in the verbal domain are small in 
elementary school, but become even greater in secondary school 
(Voyer and Voyer, 2014). To sum up, accumulating evidence suggests 
that gender differences in students’ achievement are not existent or if 
they exist, the differences are only small. Therefore, students’ academic 
achievement cannot serve as an explanation for gender differences in 
students’ math self-concepts. Thus, it is worthwhile to examine other 
factors that can possibly explain why boys have significantly higher 
math self-concepts compared to girls.

2.3.2. Teachers’ judgments of students’ aptitude
Teachers are important socializers for students who have certain 

assumptions about their students’ aptitude and expectations about 
students’ future performance. In the last 50 years, many studies have 
examined the role of teachers’ judgments in determining student 
outcomes. It is important to note, that teachers’ judgments can 
be operationalized differently, e.g., as teachers’ predictions of students’ 
achievement in the near future, as teachers’ estimations of students’ 
past or current achievement or as teachers’ estimations of students’ 
current aptitude in a specific subject such as mathematics (Heyder 
et  al., 2019). In this study we  focused on teachers’ judgments of 
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students’ aptitude in math. Aptitude is defined as an individual’s 
capacity for learning and proficiency in a specific domain (Snow, 1992; 
Stemler and Sternberg, 2013). Therefore, students’ aptitude is the 
potential to learn and achieve. At the same time, it is a prerequisite for 
achievement outcomes such as school grades, but is not always 
reflected by actual achievement (e.g., underachievers). Teachers can 
not directly observe students’ aptitude in contrast to students’ actual 
achievement. A previous study found that teachers’ judgments of 
students’ aptitude predict students’ achievement development (Heyder 
et al., 2019). Anyhow, gender differences were not analyzed. Results of 
two cross-sectional studies in elementary school contexts showed 
small associations (r = 0.12 / r = 0.26) between teachers’ judgments of 
students’ aptitude in math and students’ math self-concepts 
(Tiedemann, 2000; Dickhäuser and Stiensmeier-Pelster, 2003). Madon 
et al. (2001) found in their longitudinal study that teachers’ judgments 
of students’ aptitude at the beginning of sixth grade predicted students’ 
self-concepts at the end of sixth grade (ß = 0.12). Besides those studies 
that examined cross-sectional and longitudinal associations between 
teachers’ judgments of students’ aptitude and students’ self-concepts, 
one study directly investigated whether teachers’ judgments explained 
gender differences in students’ self-concepts (Heyder et al., 2019). The 
authors showed that teachers’ judgments of students’ aptitude in math 
mediated the relationship between gender and students’ math self-
concepts. In their model, teachers’ judgments explained 50% variance 
of the relationship between gender and students’ self-concepts. This 
was even true after controlling for actual competence, math grades, 
and parents’ estimations of their children’s math aptitude (Steinmayr 
et al., 2019). Nevertheless, both studies were cross-sectional and it is 
still unclear whether teachers’ judgments of students’ aptitude have 
longitudinal effects on students’ self-concepts over a longer period of 
time and can therefore serve as an explaining factor of gender 
differences in students’ self-concepts. In addition to associations 
between teachers’ judgments and students’ self-concepts, it is also 
important to look at gender differences in teachers’ judgments of 
students’ aptitude per se.

Overall, studies on gender differences in teachers’ judgments of 
students’ aptitude in math are rare and their findings are inconsistent. 
Whereas some study results showed that teachers judged boys and 
girls as equally talented in math (Dickhäuser and Stiensmeier-Pelster, 
2003; Herbert and Stipek, 2005), other findings clearly demonstrated 
teachers to judge boys’ aptitude in math to be higher compared to 
girls’ aptitude with effect sizes of d = 0.46 (Heyder et  al., 2019; 
Steinmayr et al., 2019) and d = 0.26 (Tiedemann, 2000). Jussim and 
Eccles (1992) showed an association between students’ gender and 
teachers’ judgments of students’ talent in math (ß = 0.06/0.08).

Taken together, the reported studies showed associations between 
teachers’ judgments of students’ aptitude and students’ self-concept 
supporting the assumption that teachers’ judgments of students’ aptitude 
have the potential to explain gender differences in students’ self-concepts. 
However, most of the reported studies had a cross-sectional design and 
could not clarify whether teachers’ judgments affect the development of 
students’ self-concepts. Concerning gender differences in teachers’ 
judgments per se, findings were inconsistent. Whereas teachers’ judged 
boys to be more talented in math than girls in some studies, other studies 
did not find significant differences in teachers’ judgments for boys and 
girls. Accordingly, it is worthwhile to examine gender differences in 
teachers’ judgments of students’ aptitude in math with another sample 

and to test whether these judgments can also explain gender differences 
in students’ math self-concepts longitudinally.

2.3.3. Students’ perceived teachers’ judgments of 
students’ aptitude

Even though EVT holds that socializers’ beliefs affect students’ 
self-concepts through students’ perception of these socializers’ 
beliefs (Eccles et  al., 1983), this part of the model became little 
attention in educational-psychological research and literature so far. 
In a study with German elementary school students, students’ 
perceived teachers’ judgments significantly mediated the 
relationship between teachers’ judgments of students’ math aptitude 
and students’ math self-concepts (Dickhäuser and Stiensmeier-
Pelster, 2003). Moreover, students’ perceived teachers’ judgments 
predicted students’ self-concepts in math more strongly (ß = 0.47) 
compared to students’ math grades (ß = 0.22). These findings 
highlight the importance of students’ perceived teachers’ judgments 
for their self-concepts. In this study, boys showed significantly 
higher perceived teachers’ judgments of students’ math aptitude 
than girls (d = 0.30; Dickhäuser and Stiensmeier-Pelster, 2003). As 
amply demonstrated, boys show higher perceived teachers’ 
judgments of students’ math aptitude in elementary school. These 
perceived teachers’ judgments are strong predictors of students’ 
self-concepts and mediated the relationship between teachers’ 
judgments of students’ aptitude and students’ self-concepts. 
Therefore, students’ perceived teachers’ judgments seem to be an 
important factor when explaining gender differences in students’ 
math self-concepts. To our knowledge, the reported study is the 
only one that examined the role of perceived teachers’ judgments 
for students’ self-concepts. With a cross-sectional design such as in 
this reported study, it remains unclear whether boys and girls 
significantly differ in their perceived teachers’ judgments across 
elementary school years. Furthermore, it is worthwhile to examine 
whether students perceived teachers’ judgments mediate the 
relationship between teachers’ judgments of students’ aptitude in 
math and students’ math self-concepts in a longitudinal design and 
can thus explain gender differences in students’ math 
self-concepts.

3. Research questions and hypotheses

The present study aimed at exploring the reasons underlying the 
reported gender differences in students’ math self-concepts. Therefore, 
the current study was designed to simultaneously explore whether 
teachers’ judgments of students’ aptitude and students’ perceived 
teachers’ judgments longitudinally predict students’ math self-
concepts. Moreover, we  tested whether the effects of teachers’ 
judgments on students’ self-concepts were mediated by students’ 
perceived teachers’ judgments.

Specifically, we addressed the following research questions and 
derived the following hypotheses:

 1. Cross-sectional: Are there gender differences in students’ self-
concepts and students’ perceived teachers’ judgments in favor 
of boys? We expect that boys show higher self-concepts in math 
and higher perceived teachers’ judgments than girls, even 
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though there are no gender differences in students’ math 
grades. We also expected that teachers judge boys’ aptitude in 
math higher than girls’ aptitude in math.

 2. Longitudinal: Do teachers’ judgments of students’ aptitude 
longitudinally predict students’ math self-concepts? We expect 
prior teachers’ judgments of students’ aptitude in math to 
predict students’ subsequent math self-concepts.

 3. Longitudinal: Do students’ perceived teachers’ judgments of 
students’ aptitude longitudinally predict students’ math self-
concepts? We  expect prior students’ perceived teachers’ 
judgments to predict students’ subsequent math 
self-concepts.

 4. Longitudinal: Are the longitudinal effects of teachers’ 
judgments of students’ aptitude on students’ self-concepts 
mediated by students’ perceived teachers’ judgments? 
We expect that the longitudinal effects of teachers’ judgments 
on students’ self-concepts are mediated by students’ perceptions 
of teachers’ judgments.

 5. Longitudinal: Do teachers’ judgments of students’ aptitude and 
students’ perceived teachers’ judgments mediate the 
relationship between gender and students’ math self-concepts? 
We expect both teachers’ judgments and students’ perceived 
teachers’ judgments to explain gender differences in students’ 
self-concepts.

4. Method

4.1. Sample and procedure

The sample consisted of a total of N = 519 students (49.9% girls) 
and N = 27 teachers (100% women). Data were collected in 27 classes 
at 11 elementary schools in the German state of Baden-Württemberg 
across seven measurement occasions (Lohbeck and Möller, 2017; 
Weidinger et al., 2018; Heyder et al., 2019). In order to attract schools 
to participate in the study, the study director contacted the relevant 
school principals and personally introduced himself and the project. 
Elementary school in the north of Baden-Württemberg were 
approached. Comparing the present data with those from the Federal 
Statistical Office (2023) indicated that the participating children were 
representative for the population in the federal state where they came 
from in terms of gender ratio (χ2 = 0.004, df = 1, p = 0.950) and 
immigration background (χ2 = 0.220, df = 1, p = 0.639). Because 
teachers’ judgments were assessed at only four measurement occasions, 
we focused on these four measurement occasions, which were spaced 
4 months apart (t1: at the end of third grade; t2: at the beginning of 
fourth grade; t3: in the middle of fourth grade; t4: at the end of fourth 
grade). Students mean age was 8.28 years (SD = 0.54) at t1 and 9.93 years 
(SD = 0.72) at t4. Participation in the study was voluntary. Parents 
consented to their children’s participation in the study by signing a 
consent form. All students answered questions about their motivation 
in mathematics in their classrooms on a regular school day. In order to 
ensure that all students worked at the same speed, a trained research 
assistant administered the questionnaire and read all items aloud. 
Overall, the assessments took about 45 min. During the same time, 
teachers provided information about students’ grades and indicated 
their judgments of students’ aptitude.

4.2. Measures

4.2.1. Students’ gender
Students gender was coded as 1 = male and 2 = female.

4.2.2. Students’ math self-concept
We assessed students’ math academic self-concepts with three 

items: “How good are you at math?” with a response format ranging 
from 1 (very good) to 5 (very bad), “How easy is it for you to learn new 
things in math?” ranging from 1 (very easy) to 5 (very hard), and “To 
which group of students do you belong in your class in math?” ranging 
from 1 (the best) to 5 (the worst). These items were based on a 
questionnaire for assessing students’ academic self-concept according 
to expectancy-value theory (Eccles and Wigfield, 1995) and 
established in previous studies (e.g., Brunner et al., 2008; Weidinger 
et al., 2018) that supported the construct validity of academic self-
concept. The internal consistency of math self-concepts was good at 
all four measurement occasions (α = 0.84 to 0.85). In order to present 
the values of this scale more intuitively, the items were recoded so that 
higher values stood for higher academic self-concept.

4.2.3. Teachers’ judgments of students’ aptitude 
in math

We assessed teachers’ judgments of students’ aptitude in math 
with one item, namely, “In your opinion, how talented is the following 
student in math?.” Teachers’ judgments were given on a 5-point 
response format ranging from 1 (not talented) to 5 (very talented). 
Teachers’ judgments of students’ aptitude were assessed with one item 
only, because this construct is a very narrow construct, and additional 
items would be phrased in the same way. Moreover, other researchers 
examining teachers’ judgments of students’ aptitude and achievement 
have also assessed these constructs with single-item measures (Hoge 
and Butcher, 1984; Tiedemann, 2000; Kuklinski and Weinstein, 2001; 
Dickhäuser and Stiensmeier-Pelster, 2003; Fischbach et al., 2013).

4.2.4. Students’ perceived teachers’ judgments
We assessed students’ perceived teachers’ judgments with three 

items, namely, “My teacher believes that I am good at math,” “My teacher 
believes that it is easy for me to learn new things in math,” and “My 
teacher believes that I belong to the best group of students in math in my 
class” with a response format ranging from 1 (totally disagree) to 5 
(totally agree). The internal consistency of students’ perceived teachers’ 
judgments was good at all four measurement occasions (α = 0.80 to 0.86).

4.2.5. Math grades
Teachers gave information about students’ math grades (from their 

report cards). In Germany, a one stands for the best grade and six for 
the worst. We reversed the polarity of math grades such that higher 
values indicated better math achievement ranging from 1 = insufficient/
fail (minimum) to 6 = excellent (maximum) so that the effects of math 
grades on other variables in our models can be better interpreted.

4.3. Statistical analyzes

4.3.1. Variance analyzes
In order to examine mean differences between boys and girls on 

students’ math grades, teachers’ judgments of students’ aptitude, 
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students’ perceived teachers’ judgments and students’ math self-
concepts, multivariate analysis of variance were computed for each 
construct at the four measurement occasions. Post-hoc comparisons 
were calculated to analyze differences in a construct at one specific 
measurement occasion. Additionally, we computed effect sizes (Cohen’ 
s d) in order to interpret the magnitude of the several mean differences.

4.3.2. Structural equation models
One aim of our study was to examine whether teachers’ judgments 

of students’ aptitude and students’ perceived teachers’ judgments 
longitudinally predict students’ math self-concepts. Therefore, 
we  computed two longitudinal cross-lagged panel models with 
reciprocal effects between teachers’ judgments of students’ aptitude 
and students’ self-concepts in the first model. The second model 
included reciprocal effects between students’ perceived teachers’ 
judgments and students’ self-concepts. As teachers’ judgments of 
students’ aptitude were assessed with one item only, these were 
modeled as manifest variables. Students’ perceived teachers’ judgments 
and students’ self-concepts were modeled as latent variables with three 
indicators each. To correct for the clustering in our data (students 
nested in different classes and schools) and sampling error, we used 
the “TYPE = COMPLEX” option in Mplus. We  also included the 
stabilities of the several variables and intercorrelations within one 
measurement occasion. All structural equation models were computed 
using Mplus 7.11 (Muthén and Muthén, 1998/2013).

Another aim of our study was to analyze whether teachers’ 
judgments of students’ aptitude and students’ perceived teachers’ 
aptitude can explain gender differences in students’ math self-
concepts. Also, we  wanted to test whether effects of teachers’ 
judgments of students’ aptitude on students’ self-concepts are 
mediated through students’ perceived teachers’ judgments. For this, 
we  computed a structural equation model with reciprocal effects 
between teachers’ judgments of students’ aptitude, students’ perceived 
teachers’ judgments and students’ math self-concepts (see Figure 1). 
Also, we included effects from gender on students’ math self-concepts 
and on the independent variables. Stabilities of the variables and 
intercorrelations within one measurement occasion were included as 
well. In order to analyze whether the effects from teachers’ judgments 
of students’ aptitude on students’ self-concepts are mediated through 
students’ perceived teachers’ judgments, we included indirect effects 
of teachers’ judgments over students’ perceived teachers’ judgments 
on students’ self-concepts in our model. Also, we included indirect 
effects of gender over teachers’ judgments and students’ perceived 
teachers’ judgments on students’ self-concepts. These indirect effects 
were computed using the bootstrap method. Moreover, we requested 
confidence intervals.

On a related note, the word “effect” is used in the sense of a 
statistical prediction in a cross-lagged panel model (one prior variable 
predicts another subsequent variable) with different measurement 
occasions and is not meant to be causal.

4.3.3. Evaluation of model fit
For the model fit of the two structural equation models, we took 

into account the χ2 value with degrees of freedom, the Comparative 
Fit Index (CFI), and the Root Mean Square Error of Approximation 
(RMSEA). Because the χ2 value depends on the sample size and can 
easily become significant in large samples (Ullman, 2007), this value 
must be interpreted with caution. For the CFI, values higher than 0.95, 
and for the RMSEA, values lower than 0.05 are considered excellent. 

Such an excellent fit occurs when the model fits the data well. If the 
values for the CFI are lower than 0.90 and the values for RMSEA are 
higher than 0.10, then the model is not acceptable (Hu and Bentler, 
1999; Marsh et al., 2004).

4.3.4. Handling missing data
As in every longitudinal study, we had to deal with missing data 

in the present study. The main reason for missing data was illness, 
whereby some students missed one or more measurement occasions. 
These missing data ranged from 11.4% (t1) to 19.5% (t3) for students’ 
math grades, from 11.4% (t2) to 24.7% (t1) for teachers’ judgments of 
students’ aptitude, from 9.8% (t1) to 14.1% (t4) for academic self-
concept, and from 9.6% (t1) to 13.7% (t3, t4) for students’ perceived 
teachers’ judgments. Students with missing data did not differ from 
students without missing data. To handle missing data in Mplus, 
we used the full information maximum likelihood (FIML) method. 
This is an approach that typically yields less biased estimates under the 
missing at random assumption than traditional approaches such as 
listwise or pairwise deletion. Also, this method takes all information 
into account (i.e., cases with missing values) when estimating the 
model parameters and maintains statistical power at the same time 
(Schafer and Graham, 2002; Enders, 2010).

5. Results

5.1. Descriptive statistics and gender 
differences

Table  1 shows the means (M), standard deviations (SD), and 
internal consistencies (α) for the examined variables across our four 
measurement occasions for the whole sample as well as for girls and 
boys separated. The results from MANOVA showed no significant 
gender effect for math grades [F(4,340) = 1.95, p = 0.12, d = 0.3]. 
Post-hoc univariate analyzes showed no gender differences at each 
measurement occasion. Even there were no significant mean 
differences in students’ math grades, teachers rated students’ math 
aptitude significantly higher for boys [F(4,306) = 5.36, p < 0.001, 
d = 0.54]. This pattern was found for each measurement occasion. 
According to this, boys showed significantly higher perceived teachers’ 
judgments of their aptitude in math compared to girls [F(4,366) = 6.12, 
p < 0.001, d = 0.52]. Post-hoc univariate analyzes confirmed this for 
each measurement occasion. Also, boys showed significantly higher 
math self-concepts than girls among all measurement occasions 
[F(4,365) = 9.79, p < 0.001, d = 0.66]. The differences in teachers’ 
judgments for boy s and girls can be described as small effects (Cohen’s 
d). The effect sizes for the significant differences between boys in girls 
in their perceived teachers’ judgments of their aptitude and in their 
math self-concept varied from small to medium. Intercorrelations 
between all examined variables can be seen in Table 2.

5.2. Longitudinal effects from teachers’ 
judgments and students’ perceived 
teachers’ judgments on students’ 
self-concepts

In order to analyze longitudinal effects between teachers’ 
judgments of students’ aptitude and students’ math self-concept 
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as well as between students’ perceived teachers’ judgments and 
students’ math self-concept, two structural equation models with 
cross-lagged effects were computed. The first model with teachers’ 
judgments of students’ aptitude and students’ self-concepts (see 
Table 3; Figure 1) fitted the data well [χ2(81) = 123.51, p < 0.01; 
CFI = 0.986; TLI = 0.980; RMSEA = 0.040; SRMR = 0.029]. The 
high correlations within a construct at different measurement 
occasions, suggests a relatively high stability of the constructs over 
the elementary school years. On the one hand, we  found 
significant effects from teachers’ prior judgments of students’ 
aptitude on students’ subsequent self-concepts (from t1 to t2 
ß = 0.10, p < 0.05; from t2 to t3 ß = 0.19, p < 0.001). This indicates 
that teachers’ prior judgments of students’ aptitude longitudinally 
predict students’ subsequent self-concepts in elementary school. 
The effect from teachers’ judgments to t3 on students’ self-
concepts to t4 was not significant. On the other hand, we found 
significant effects from prior self-concepts on subsequent teachers’ 
judgments to all measurement occasions (ß = 0.17–0.21, p < 0.001). 
These results provide support that not only teachers’ judgments 
predict students’ self-concepts, but also that students’ prior self-
concepts predict subsequent teachers’ judgments of students’ 
aptitude.

The second model with students’ perceived teachers’ judgments of 
their aptitude and students’ self-concepts (see Table 4; Figure 2) also 
fitted the data well [χ2(231) = 565.89, p < 0.001; CFI = 0.947; TLI = 0.937; 
RMSEA = 0.066; SRMR = 0.040]. Again, the constructs were relatively 
stable over time. In this model, we found one significant path from 
students’ perceived teachers’ judgments of their aptitude to t3 on 
students’ self-concepts to t4 (ß = 0.27, p < 0.05). Also, we found one 
significant path from students’ self-concepts to t2 on students’ 
perceived teachers’ judgments of their aptitude to t3 (ß = 0.34, p < 0.05). 
We found little support for our hypothesis that students’ perceived 
teachers’ judgments of students’ aptitude longitudinally predict 
students’ math self-concepts.

5.3. Teachers’ judgments and students’ 
perceived teachers’ judgments as 
explaining factors of gender differences in 
students’ academic self-concepts

In order to examine whether teachers’ judgments of students’ 
aptitude and students’ perceived teachers’ judgments of students’ 
aptitude can explain gender differences in students’ math self-concepts 
we computed a longitudinal structural equation model with these 
variables among all four measurement occasions (see Table  5; 
Figure  3). The model fit was acceptable with [χ2(327) = 723.70, 
p < 0.001; CFI = 0.947; TLI = 0.934; RMSEA = 0.059; SRMR = 0.039]. 
First, we  found one significant direct effect from prior teachers’ 
judgments of students’ aptitude at t2 on students’ subsequent self-
concepts at t3 (ß = 0.17, p < 0.01). Second, there were two significant 
direct effects from prior teachers’ judgments of students’ aptitude on 
students’ subsequent perceived teachers’ judgments of students’ 
aptitude (from t2 to t3 ß = 0.19, p < 0.001; from t3 to t4 ß = 0.14, 
p < 0.05). Third, we found one significant direct effect from students’ 
perceived teachers’ judgments of students’ aptitude at t3 on students’ 
subsequent self-concepts at t4 (ß = 0.26, p < 0.05). In addition to the 
direct effects of teachers’ judgments of students’ aptitude and students’ 
perceived teachers’ judgments on students’ self-concepts, we examined 
whether these effects are mediated through students’ perceived 
teachers’ judgments. We found that teachers’ judgments of students’ 
aptitude (t2) had an indirect effect on students’ self-concepts (t4) 
(ß = 0.11, p < 0.01). But contradictory to our hypothesis, this indirect 
effect was not mediated through students’ perceived teachers’ 
judgments of students’ aptitude, but through teachers’ judgments of 
students’ aptitude at t3. Finally, we examined the effects of gender on 
students’ self-concepts to all four measurement occasions. We found 
gender to be a significant predictor at the first measurement occasion 
(ß = −0.31, p < 0.001) and at the fourth measurement occasion 
(ß = −0.12, p < 0.001). Students’ self-concepts at t2, and t3 were not 

FIGURE 1

Cross-lagged panel model with teachers’ judgments of students’ aptitude in math and their math-specific self-concepts. For greater clarity, indicators 
of latent constructs (items), method factors and intercorrelations to each measurement occasion are not depicted in this figure. *** p  <  0.001; ** 
p  <  0.01, * p  <  0.05, # p  <  0.10.
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significantly predicted by gender. Moreover, gender predicted teachers’ 
judgments (ß = −0.11, p < 0.05) as well as students’ perceived teachers’ 
judgments at the first measurement occasion (ß = −0.33, p < 0.001) but 
was not a significant predictor at the other measurement occasions. 
The results of the indirect effects showed that the effect of gender on 
students’ self-concepts at t2 was significantly mediated by students’ 
self-concepts at t1. For the effect of gender on students’ self-concepts 
at t3, indirect effects could be found via students’ self-concepts at t2 
and teachers’ judgments at t2. For the effect of gender on students’ 
self-concepts at t4, indirect effects could be  found via prior self-
concepts, teachers’ judgments as well as students’ perceived teachers’ 
judgments. These results suggest that gender differences in students’ 
self-concepts can be  explained by prior teachers’ judgments of 
students’ aptitude, students’ perceived teachers’ judgments as well as 
by prior self-concepts.

6. Discussion

The present study was designed to contribute to a better 
understanding of the reasons behind the underrepresentation of 
women in STEM domains and girls in STEM-related majors. 
Therefore, we focused on students’ self-concept as one predictor of 
education-related choices. A primary purpose of this study was to 
analyze gender differences in students’ math self-concepts, their math 
grades, teachers’ judgments of students’ aptitude in math and students’ 
perceptions of teachers’ judgments. A second and the central purpose 
of this research was to explain gender differences in students’ math 
self-concepts. Both teachers’ judgments and students’ perceived 

teachers’ judgments were tested as possible explaining factors. 
Accordingly, a first point of discussion will refer to gender differences 
in the examined variables. Afterwards, we  will discuss whether 
teachers’ judgments and students’ perceptions of these judgments can 
explain gender differences in students’ math self-concepts. Finally, 
we will discuss limitations of our study, ideas for future research and 
practical implications.

6.1. Gender differences in the examined 
variables

In line with our hypothesis, we  found significant gender 
differences in students’ math self-concepts in favor of boys at all 
measurement occasions. These differences can be  described as 
small to medium effect sizes. These empirical findings are 
consistent with previous reports showing boys to have higher math 
self-concepts in elementary school than girls (Wigfield et al., 1997; 
Tiedemann, 2000; Dickhäuser and Stiensmeier-Pelster, 2003; 
Herbert and Stipek, 2005; Chamorro-Premuzic et al., 2010; Heyder 
et al., 2019).

Moreover, we  found no significant gender differences in 
students’ math grades, which is also in line with previous findings 
indicating that boys and girls do not differ in their math 
achievement (e.g., Tiedemann, 2000; Dickhäuser and Stiensmeier-
Pelster, 2003; Else-Quest et  al., 2010; Heyder et  al., 2019). This 
indicates that gender differences in students’ self-concepts cannot 
be  traced back to gender differences in students’ achievement. 
Consequently, there must be  other factors influencing students’ 

TABLE 1 Means (M), standard deviations (SD), and internal consistencies (α) for the whole sample as well as for boys and girls separated.

Overall Sample Boys Girls

M (SD) α M (SD) α M (SD) α
Math grades t1 4.62 (1.00) - 4.62 (0.97) - 4.62 (1.02) -

Math grades t2 4.66 (0.92) - 4.72 (0.90) - 4.59 (0.94) -

Math grades t3 4.67 (0.90) - 4.75 (0.90) - 4.59 (0.89) -

Math grades t4 4.65 (0.87) - 4.68 (0.83) - 4.63 (0.91) -

Teachers’ judgments t1 3.61 (1.01) - 3.71 (1.00) - 3.50 (1.01) -

Teachers’ judgments t2 3.68 (0.99) - 3.80 (1.01) - 3.56 (0.95) -

Teachers’ judgments t3 3.72 (0.96) - 3.80 (0.97) - 3.63 (0.95) -

Teachers’ judgments t4 3.77 (0.97) - 3.89 (0.96) - 3.65 (0.96) -

Perceived teachers’ judgments 

t1

3.52 (0.93) 0.81 3.76 (0.86) 0.74 3.29 (0.94) 0.85

Perceived teachers’ judgments 

t2

3.59 (0.86) 0.80 3.74 (0.83) 0.77 3.44 (0.86) 0.80

Perceived teachers’ judgments 

t3

3.61 (0.87) 0.85 3.74 (0.83) 0.82 3.48 (0.89) 0.86

Perceived teachers’ judgments 

t4

3.56 (0.85) 0.85 3.72 (0.80) 0.83 3.40 (0.87) 0.86

Math self-concept t1 3.80 (0.82) 0.84 3.98 (0.79) 0.83 3.63 (0.82) 0.84

Math self-concept t2 3.92 (0.76) 0.84 4.05 (0.73) 0.81 3.79 (0.77) 0.86

Math self-concept t3 3.84 (0.78) 0.85 3.91 (0.74) 0.81 3.77 (0.81) 0.88

Math self-concept t4 3.78 (0.74) 0.85 3.96 (0.66) 0.81 3.60 (0.78) 0.87
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self-concepts in a way that boys develop higher self-concepts in 
math compared to girls.

Although boys and girls in our sample did not differ in their math 
achievement, teachers judged boys to be significantly more talented in 
math than girls. At all measurement occasions, teachers’ judgments of 
students’ aptitude were significantly higher for boys than for girls. 
These results are consistent with findings from previous studies that 
also showed significant differences in teachers’ judgments of students’ 
aptitude in math, but no significant gender differences in students’ 
math achievement (Jussim and Eccles, 1992; Tiedemann, 2000; Heyder 
et al., 2019). The present results, in conjunction with those presented 
by other researchers, clearly indicate that teachers are subject to a 
math-male stereotype when they have to judge students’ aptitude in 
math. Based on the fact that teachers judged boys to be more talented 
in math, it is not surprising that boys showed significantly higher 
perceived teachers’ judgments of students’ aptitude in math than girls. 
These differences were significant at all four measurement occasions. 
To our knowledge, only one previous study examined gender 
differences in students’ perceived teachers’ judgments. This study was 
cross-sectional and also showed boys to have higher perceived teachers’ 
judgments of students’ aptitude in math than girls (Dickhäuser and 
Stiensmeier-Pelster, 2003). Therefore, students’ perception of teachers’ 
judgments might also be an important variable for the explanation of 
gender differences in students’ math self-concepts.

In sum, our findings show consistent gender differences in 
students’ math self-concepts in elementary school already. Moreover, 
our study provided empirical support for gender differences in 
teachers’ judgments of students’ aptitude and students’ perceptions of 
teachers’ judgments without having differences in students’ 
achievement. These differences might explain why boys develop 
higher self-concepts in math during elementary school than girls. The 
next section will shed light on, whether teachers’ judgments and 
students’ perceptions of these judgments predict students’ math self-
concepts to explain gender differences.

6.2. Teachers’ judgments and students’ 
perceived teachers’ judgments as 
explaining factors of gender differences in 
students’ academic self-concepts

In our first longitudinal model, we found significant effects of 
prior teachers’ judgments on students’ subsequent self-concepts in 
math. These findings are in line with the assumption of EVT that 
socializers’ beliefs predict students’ self-concepts (Eccles et al., 1983). 
These effects are also consistent with findings from cross-sectional 
studies demonstrating significant small associations between teachers’ 
judgments of students’ aptitude and students’ self-concepts 

TABLE 2 Intercorrelations among all variables.

MG 
t2

MG 
t3

MG 
t4

TJ 
t1

TJ 
t2

TJ 
t3

TJ 
t4

PTJ 
t1

PTJ 
t2

PTJ 
t3

PTJ 
t4

MSC 
t1

MSC 
t2

MSC 
t3

MSC 
t4

Math Grade (MG) t1 0.76 0.80 0.79 0.76 0.69 0.71 0.71 0.38 0.41 0.48 0.51 0.52 0.42 0.55 0.56

Math Grade (MG) t2 0.87 0.81 0.72 0.82 0.79 0.75 0.39 0.48 0.53 0.59 0.54 0.50 0.58 0.61

Math Grade (MG) t3 0.87 0.73 0.77 0.82 0.80 0.41 0.46 0.56 0.57 0.53 0.47 0.61 0.61

Math Grade (MG) t4 0.68 0.71 0.76 0.79 0.37 0.41 0.53 0.57 0.49 0.43 0.57 0.60

Teachers’ judgments 

(TJ) t1

0.77 0.74 0.71 0.42 0.42 0.50 0.49 0.49 0.43 0.53 0.51

Teachers’ judgments 

(TJ) t2

0.79 0.77 0.42 0.44 0.54 0.59 0.52 0.47 0.56 0.59

Teachers’ judgments 

(TJ) t3

0.82 0.42 0.45 0.57 0.58 0.54 0.50 0.59 0.61

Teachers’ judgments 

(TJ) t4

0.42 0.39 0.54 0.57 0.52 0.44 0.55 0.58

Perceived TJ (PTJ) t1 0.67 0.62 0.62 0.72 0.61 0.59 0.58

Perceived TJ (PTJ) t2 0.72 0.67 0.63 0.77 0.69 0.67

Perceived TJ (PTJ) t3 0.79 0.66 0.72 0.82 0.77

Perceived TJ (PTJ) t4 0.65 0.68 0.75 0.83

Math self-concept 

(MSC) t1

0.74 0.72 0.71

Math self-concept 

(MSC) t2

0.75 0.72

Math self-concept 

(MSC) t3

0.81

Math self-concept 

(MSC) t4

All correlations were significant with p < 0.001.
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(Tiedemann, 2000; Madon et al., 2001; Dickhäuser and Stiensmeier-
Pelster, 2003; Heyder et al., 2019).

Moreover, the results of the second longitudinal model showed 
one significant effect of students’ prior perceived teachers’ judgments 
of students’ aptitude on students’ subsequent self-concepts (t3 to t4). 
This finding provides little support for the assumption of EVT, namely, 
that perceived teachers’ judgments as perceptions of socializers’ beliefs 
predict students’ self-concepts (Eccles et al., 1983). Whereas only one 
study reported a cross-sectional association between students’ 
perceived teachers’ judgments and students’ self-concepts (Dickhäuser 
and Stiensmeier-Pelster, 2003), this study showed one longitudinal 
effect. Nevertheless, it is unclear, whether only one of three possible 
effects of students’ perceived teachers’ judgments on students’ self-
concepts became significant. One explanation might be that students’ 
self-concepts were highly stable over time in elementary school and it 
might be hard for other variables to explain further variance. At this 
point, our results indicate that both teachers’ judgments of students’ 
aptitude in math and students’ perceptions of these judgments have 
direct effects on students’ math self-concepts over time.

In our overall model, we again found evidence for direct effects of 
teachers’ prior judgments of students’ aptitude and students’ perceived 
teachers’ judgments on students’ subsequent self-concepts. Based on 
these findings, it seems highly likely that students develop their self-
concepts based on teachers’ judgments. Furthermore, we  found 
significant direct effects of teachers’ prior judgments on students’ 
perceptions of teachers’ judgments. Teachers seem to communicate 
their judgments to their students in different ways such as through 
feedback and attributional processes as well as through emotional 
responses and classroom practices (Stipek et al., 2001; Georgiou et al., 
2002; Upadyaya and Eccles, 2015). For example, when a teacher has 
high expectations for a boy in math, the teacher will challenge and 
encourage him more in class, for example, giving him more 
challenging tasks and praising him for the corresponding performance. 
Subsequently, the boy will transfer this information into his perceived 
teachers’ judgments and assumes that the teacher thinks he is gifted. 
In contrast, if a teacher assumes a girl to have a lower math aptitude, 

he or she will challenge and encourage her less in class by providing 
less challenging tasks and attributing good performance to effort, for 
example. As a result, the girl will perceive a lower judgment of her 
math aptitude.

Another interesting finding concerns the mediation effect of 
teachers’ judgments on students’ self-concepts through students’ 
perceived teachers’ judgments. So, teachers’ judgments had an indirect 
effect on students’ self-concepts, but this effect was not mediated 
through students’ perceived teachers’ judgments but through teachers’ 
judgments one measurement occasion later. This suggests that the 
effects of teachers’ judgments on students’ self-concepts seem to 
be more directly than mediated through students’ perceptions of their 
teachers’ judgments. This finding highlights the importance of 
teachers’ beliefs about students’ aptitude for students’ self-concepts. In 
other words, what the teacher thinks about a student’s aptitude is an 
important factor when students develop their self-concepts.

One final result we  want to put attention to is that effects of 
students’ gender on students’ self-concepts in math completely 
disappeared at t2 and t3 and partially disappeared at t4 after including 
teachers’ judgments and students’ perceived teachers’ judgments as 
predictors of students’ self-concepts. Furthermore, we found indirect 
effects of gender on students’ self-concepts via teachers’ judgments 
and students’ perceived teachers’ judgments. These findings emphasize 
that teachers’ judgments of students’ aptitude and the perception of 
these by the students can explain gender differences in students’ self-
concepts in math. Our study goes beyond the finding that teachers’ 
judgments explained half of the variance of the relationship between 
gender and self-concepts (Heyder et  al., 2019), because of our 
longitudinal design with four measurement occasions. Students seem 
to develop their self-concept based on messages they receive from 
important socializers such as teachers. Our study provided empirical 
support for the idea that students in elementary school seem to have 
internalized their teachers’ judgments with a math-male stereotype 
resulting in lower math self-concepts for girls even though girls and 
boys do not differ in their math achievement. One can assume that the 
effects of teachers’ judgments on students’ perceived teachers’ 

TABLE 3 Standardized stability and cross-lagged effects with standard errors and confidence intervals for teachers’ judgments of students’ aptitude in 
math (TJ), and students’ math self-concepts (MSC).

Stability effects Cross-lagged effects

Waves TJ MSC TJ  →  MSC MSC  →  TJ

t 1–2 0.68*** (0.04) [0.60; 0.77] 0.82*** (0.05) [0.72; 0.91] 0.09* (0.05) [0.01; 0.19] 0.17** (0.05) [0.06; 0.27]

t 2–3 0.67*** (0.04) [0.61; 0.74] 0.78*** (0.04) [0.70; 0.86] 0.19*** (0.04) [0.11; 0.28] 0.21*** (0.04) [0.13; 0.29]

t 3–4 0.71*** (0.05) [0.60; 0.81] 0.89*** (0.04) [0.81; 0.96] 0.07# (0.05) [−0.02; 0.16] 0.18*** (0.05) [0.07; 0.28]

TJ, Teachers’ judgments of students’ aptitude in math; MSC, Math self-concept; ***p < 0.001; **p < 0.01, #p < 0.10.

TABLE 4 Standardized stability and cross-lagged effects with standard errors and confidence intervals for students’ perceived teachers’ judgments of 
students’ aptitude in math (PTJ), and students’ math self-concepts (MSC).

Stability effects Cross-lagged effects

Waves PTJ MSC PTJ  →  MSC MSC  →  PTJ

t 1–2 0.69*** (0.13) [0.44; 0.90] 0.88*** (0.11) [0.65; 0.99] 0.01 (0.12). [−0.24; 0.24] 0.19 (0.13) [−0.07; 0.45]

t 2–3 0.57*** (0.15) [0.27; 0.81] 0.82*** (0.14) [0.54; 0.99] 0.08 (0.15) [−0.21; 0.37] 0.34* (0.15) [0.04; 0.64]

t 3–4 0.88*** (0.19) [0.51; 0.99] 0.68*** (0.15) [0.39; 0.93] 0.27* (0.15) [0.01; 0.52] 0.05 (0.19) [−0.33; 0.42]

PTJ, Students’ perceived teachers’ judgments of students’ aptitude in math; MSC, Math self-concept; ***p < 0.001; *p < 0.05.
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judgments and students’ self-concepts are in line with self-fulfilling 
prophecy effects (Brophy and Good, 1970). It can be argued that based 
on their judgment or belief about students’ aptitude in math, teachers 
treat boys and girls differently in class such as providing more support, 
more challenging tasks and better feedback to students with higher 
judged aptitudes. As argued above, students perceive their teachers’ 
judgments based on various teacher expressions and behaviors. These 
student perceptions, in turn, have effects on self-concepts. This is a 
worrying finding because students’ self-concepts themselves have 
effects on students’ achievement as well as their education-related 

choices such as majors and careers in turn. Consequently, it is not 
surprising that women or girls are underrepresented in 
STEM domains.

Gender differences in students’ math self-concepts were not fully 
explained to our last measurement time point at the end of grade 4. 
This suggests that there must be  other variables besides teachers’ 
judgments and students’ perceived teachers’ judgments that can 
explain gender differences in students’ math self-concepts. At this 
time, students are quite before their transfer to secondary school. 
Maybe beliefs from other important socializers such as their parents 

FIGURE 2

Cross-lagged panel model with students’ perceived teachers’ judgments and their math-specific self-concepts. For greater clarity, indicators of latent 
constructs (items), method factors and intercorrelations to each measurement occasion are not depicted in this figure. *** p  <  0.001; * p  <  0.05.

TABLE 5 Standardized stability and cross-lagged effects with standard errors and confidence intervals for teachers’ judgments of students’ aptitude in 
math (TJ), students’ perceived teachers’ judgments (PTJ), and students’ math self-concepts (MSC).

Stability effects Cross-lagged effects

Waves TJ PTJ MSC TJ  →  PTJ PTJ  →  TJ TJ  →  MSC MSC  →  TJ PTJ  →  MSC MSC  →  PTJ

t 1–2 0.68*** 

(0.04) [0.59; 

0.76]

0.66*** 

(0.20) 

[0.32; 0.83]

0.79*** 

(0.19) 

[0.56; 0.98]

0.06 (0.06) 

[−0.06; 0.18]

0.03 (0.12) 

[−0.28; 0.19]

0.10# (0.06) 

[−0.01; 0.22]

0.18 (0.12) 

[−0.05; 0.42]

0.03 (0.19) 

[−0.21; 0.27]

0.19 (0.21) 

[−0.24; 0.52]

t 2–3 0.67*** 

(0.08) [0.55; 

0.78]

0.52*** 

(0.37) 

[0.16; 0.72]

0.77*** 

(0.49) 

[0.38; 0.99]

0.19*** (0.06) 

[0.09; 0.32]

0.32# (0.19) 

[−0.01; 0.59]

0.17** (0.06) 

[0.05; 0.27]

0.52*** (0.19) 

[0.19; 0.86]

0.05 (0.50) 

[−0.14; 0.37]

0.27* (0.38) 

[0.05; 0.56]

t 3–4 0.72*** 

(0.14) [0.51; 

0.87]

0.92*** 

(0.65) 

[0.32; 0.98]

0.61*** 

(0.45) 

[0.35; 0.95]

0.14* (0.08) 

[0.01; 0.29]

0.28 (0.21) 

[−0.14; 0.67]

0.08# (0.05) 

[−0.01; 0.18]

0.10 (0.21) 

[−0.58; 0.24]

0.26* (0.44) 

[0.01; 0.52]

0.09 (0.66) 

[−0.24; 0.45]

Effects of gender on students’ math self-concepts Effects of gender on teachers’ judgments Effects of gender on teachers’ judgments

gender → 

MSC t1

−0.31*** (0.05) [−0.41; −0.20] gender → TJ 

t1

−0.11* (0.06) [−0.20; −0.01] gender → PTJ 

t1

−0.33*** (0.05) [−0.42; −0.25]

gender → 

MSC t2

0.03 (0.04) [−0.06; 0.11] gender → TJ 

t2

−0.05 (0.04) [−0.12; 0.02] gender → PTJ 

t2

0.01 (0.05) [−0.06; 0.09]

gender → 

MSC t3

0.03 (0.04) [−0.05; 0.11] gender → TJ 

t3

−0.04 (0.05) [−0.11; 0.05] gender → PTJ 

t3

0.01 (0.05) [−0.07; 0.07]

gender → 

MSC t4

−0.12*** (0.04) [−0.18; −0.06] gender → TJ 

t4

−0.03 (0.09) [−0.10; 0.08] gender → PTJ 

t4

−0.01 (0.06) [−0.09; 0.07]

TJ, Teachers’ judgments of students’ aptitude in math; PTJ, Students’ perceived teachers’ judgments; MSC, Math self-concept; ***p < 0.001; **p < 0.01, *p < 0.05, #p < 0.10.
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or peers become more important and have effects on students’ self-
concepts as well. Previous research has shown that, in addition to 
teachers, parents also have gender-stereotypic perceptions of their 
children’s aptitude. In a study from Herbert and Stipek (2005), parents 
rated boys’ math competencies higher than girls in both third and fifth 
grades. Moreover, parent ratings of children’s competence were a 
particularly strong predictor of children’s judgments of their math 
skills. One difference between the study mentioned above and our 
study, however, is that the parents were asked to assess the 
competencies that the children already have. In our study, we focused 
on the assessment of students’ aptitude in the sense of an underlying 
potential that does not necessarily translate into achievement. In 
addition to teachers’ and parents’ judgments, the judgments of peers 
also seem to play a role for the development of students’ self-concepts. 
For example, Lorenz et al. (2020) showed with social network analyzes 
that ninth-grade students adapt their expectations toward the average 
expectations of their friends. The fact that we did not include parents’ 
and peers’ judgments in our study, will also be  addressed in the 
limitation section.

Our results point to the importance of teachers’ judgments of 
students’ aptitude and students’ perceived teachers’ judgments for the 
development and explanation of gender differences in students’ math 
self-concepts during their time in elementary school.

6.3. Limitations and future research

The current study has a longitudinal design with four 
measurement occasions in order to examine whether teachers’ 
judgments of students’ aptitude and students’ perceived teachers’ 

judgments predict students’ math self-concepts over a longer period 
of time in elementary school. Even though we found effects from prior 
teachers’ judgments and students’ perceived teachers’ judgments on 
students’ self-concepts, these effects cannot be interpreted as causal 
effects. It is possible that a third variable has an influence on our 
examined variables. To clarify whether teachers’ judgments and 
students’ perceptions of these judgments have a causal influence on 
students’ self-concepts, future studies should compute an experiment, 
in which students get simulated feedback from teachers.

As reported above, we focused on the math domain as one of the 
STEM domains, because girls are underrepresented in these majors 
and careers. Indeed, we found that girls showed significantly lower 
math self-concepts compared to boys. Moreover, teachers’ rated girls’ 
aptitude in math as significantly lower as boys’ aptitude in math, 
although girls and boys did not significantly differ in their math 
achievement. This indicates that teachers might be biased by math-
male stereotypes. Accordingly, it would also be interesting to examine 
gender differences in teachers’ judgments and students’ self-concepts 
in a domain, in which girls might be better such as languages.

It is unknown why teachers judged boys’ aptitude in math higher 
than girls’ aptitude in math even though they did not differ in their 
math achievement. It may help to explore and understand the 
underlying mechanisms. One possible explanation might be  that 
teachers attribute boys’ achievement to their high aptitude and girls’ 
achievement to their high effort. In a study by Fennema et al. (1990) 
teachers more often named boys to be the best students in class and 
attributed boys’ success to aptitude and girls’ success to effort. 
Furthermore, Tiedemann (2000) showed that teachers attributed boys’ 
failures in math to a lack of effort, but girls’ failures to a lack of aptitude. 
Future studies should systematically examine teachers’ judgments of 

FIGURE 3

Cross-lagged panel model with teachers’ judgments of students’ aptitude in math, students’ perceived teachers’ judgments and their math self-
concepts. For greater clarity, indicators of latent constructs (items), method factors and intercorrelations to each measurement occasion are not 
depicted in this figure.
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students’ aptitude in math, teachers’ attributions as well as students’ 
achievement in order to analyze gender differences in the math domain 
in more detail. In addition, future research is needed to explore possible 
opportunities to reduce this math-male stereotype, which will 
be discussed in the section to practical implications in detail.

In our study we focused on elementary school, because during 
this time students use feedback from different sources such as 
achievement in exams and direct feedback from their teachers in order 
to develop a more realistic self-concept. Teachers’ judgments can have 
far-reaching consequences not only for the development of students’ 
self-concepts but also for recommendation for secondary school. 
Nevertheless, future research could shed light on whether teachers’ 
judgments have significant effects on students’ subsequent self-
concepts in secondary school and to test whether teachers’ judgments 
become less important over time.

One shortcoming of the present study is that all teachers in our 
sample were female. It is interesting that the gender differences in 
teachers’ judgments were highly significant even though boys and girls 
did not differ in their achievement. Maybe female teachers have 
internalized the math-male stereotype to which they were exposed in 
former times. Therefore, the question arises whether the gender gap 
in teachers’ judgments might depend on teachers’ gender. Robinson-
Cimpian et  al. (2014) found the gender difference in teachers’ 
judgments of students’ ability in math to be larger for female than for 
male teachers. From this perspective, future research should 
systematically examine whether gender differences in teachers’ 
judgments depend on teachers’ gender and why female teachers might 
be  more math-male stereotyped. The mechanisms behind that 
phenomenon should be explored in more detail.

Moreover, we focused on teachers’ judgments as socializers’ beliefs, 
because teachers play an important role in students’ development. The 
results of our study suggested that gender differences in students’ math 
self-concepts at t4 could not be fully explained by teachers’ judgments 
and students’ perceptions of teachers’ judgments. Consequently, there 
must be further variables that might have an influence on students’ 
math self-concepts at the end of elementary school. Prior research 
showed that parents’ math-gender stereotypes can affect their 
perceptions of their own children’s math ability even in early elementary 
school (Gunderson et al., 2012). Furthermore, Wolff (2021) found in his 
recent study that gender stereotypes shared by students’ classmates can 
have a substantial impact on students’ math self-concepts. Therefore, it 
would be worthwhile to examine different socializers’ beliefs such as 
from teachers, parents and peers in one study in order to examine their 
relative importance for students’ self-concepts in order to explain these 
gender differences.

6.4. Practical implications

Beyond our described implications for further research, there are 
some important practical implications of these findings that should 
be mentioned in the following. In our study, teachers judged girls’ 
aptitude in math significantly lower than boys’ aptitude although girls 
and boys did not differ in their actual achievement. The 
underestimation of girls’ aptitude in math might be biased by a math-
male stereotype and not based on objective criteria. This prevalence 
of math-male stereotypes can have far-reaching negative consequences 
for girls’ motivation (development), their achievement (in form of 
self-enhancement effects) and their educational choices such as majors 

in high school, study programs and careers. From this perspective, 
interventions are needed to reduce these biased judgments or these 
lower judgments for girls, respectively. One possibility for an 
intervention might be  to make teachers aware of this math-male 
stereotype and biased judgments. Another possibility might be  to 
provide teachers with empirical evidence showing that girls and boys 
do not differ in their math achievement. Teachers should also 
consciously make sure that they support boys and girls with the same 
performance in math equally. Heyder et al. (2019) proposed that these 
interventions can be integrated in the teacher education at university 
or as additional training for in-service teachers. In addition to 
prevention and intervention measures for teachers, offers for students 
should also be established. For example, girls could benefit from a 
workshop in which they learn to perceive their aptitude for 
mathematics independently of the assessments of different peers. This 
workshop was also intended to present female role models in the 
STEM sector and to make it clear that girls and women can be just as 
successful as boys and men. Reducing this gender bias might lead to 
a higher decision of girls to select a STEM career.

7. Conclusion

In conclusion, the current study provides new insights into how 
gender differences in students’ math self-concepts can be explained. 
Both teachers’ judgments of students’ aptitude in math and students’ 
perceived teachers’ judgments had longitudinal effects on students’ 
math self-concepts and can therefore explain why boys show higher 
math self-concepts than girls during the time of elementary school.
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