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A B S T R A C T   

This study, grounded in Control Value Theory, aimed at increasing insight into how the emotions of enjoyment 
and anxiety shape students' situated math competence beliefs. Additionally, we investigated gender differences 
in these effects. An online survey including mathematical problems with corresponding competence belief rat
ings, and questionnaires regarding math-related emotions was filled out by 866 ninth-grade students. Ordinal 
mixed effects modelling revealed that after correcting for actual performance, emotions contributed (modestly) 
to students' competence beliefs: enjoyment was positively related to competence and anxiety had a negative 
relation. The strength of these relations was not affected by gender, but boys did report higher situated math 
competence beliefs than girls, despite a lack of gender difference in actual performance. Boys also showed higher 
math enjoyment and lower anxiety than girls. Our findings underline the need for interventions that improve 
girls' attitude towards mathematics and refute the math gender stereotype. 
Educational relevance and implications statement: In this study we investigated factors related to ninth-grade 
students' situated competence beliefs in math. We found that first and foremost actual performance predicted 
competence beliefs, showing students' metacognitive abilities. But we also found that the emotions of math 
enjoyment and math anxiety affected these beliefs, and that boys held higher competence beliefs than girls, while 
their math performance did not differ. This suggests that a situated intervention, aimed at showing girls at the 
item level how often their answers are correct and stimulating them to hold positive beliefs could boost their 
confidence in their STEM abilities, and possibly enhance their motivation to pursue a STEM career.   

1. Introduction 

For a long-term successful math learning trajectory in school, 
possibly followed by a STEM career, it is not only important for students 
to perform well, but also to believe in their abilities. These competence 
beliefs are essential for achievement and emotions regarding math 
(Forsblom et al., 2022; Pekrun et al., 2023). Competence beliefs are also 
considered valuable in their own right, because they foster life-long 
learning (Lüftenegger et al., 2012). Previous research showed that 
math competence beliefs are related to education and career choices: 
low perception of mathematical competence prevents students, espe
cially women, from pursuing STEM careers (Lazarides & Lauermann, 
2019). It is therefore important to gain more insight into the develop
ment of these competence beliefs, including the role of gender. 

Students' perception of competence in math is first and foremost 
shaped by their actual mathematical achievement. This has been well- 
established in the reciprocal effects model: math competence beliefs 
and achievement influence each other mutually (Arens et al., 2017; 
Marsh et al., 2022; Wu et al., 2021). If students would have a perfect 
understanding of their own math performance, achievement would be 
the only, perfect predictor of math competence beliefs. However, the 
predictive value of math achievement on competence beliefs varies 
approximately between beta coefficients of 0.40 and 0.70 (Arens & 
Niepel, 2023; Forsblom et al., 2022; Van der Beek et al., 2017; Wei
dinger et al., 2018). This means that other factors can also, in a positive 
or negative way, affect students' perceptions of competence. 

The goal of the present study was to understand how achievement 
emotions and gender contribute to students' math competence beliefs, 
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while they were working on math problems. This situated competence 
belief measure acknowledges the recent insights that competence beliefs 
in achievement situations are strongly context-dependent (Eccles & 
Wigfield, 2020; Nolen, 2020; Pekrun & Marsh, 2022). The current study 
can therefore yield useful, fine-grained insights in how competence 
beliefs are built during mathematical problem solving. 

1.1. Control-value theory 

Pekrun's Control-Value Theory (CVT; Pekrun, 2006) provides a 
theoretical framework for investigating predictors of competence beliefs 
in academic settings. This theory describes how control appraisals such 
as competence beliefs, value appraisals, positive and negative achieve
ment emotions, and achievement are all interrelated. For example, 
students who feel in control and value the outcome of their achievement 
activities, are likely to experience positive achievement emotions, which 
in turn positively affect achievement outcomes. Conversely, students 
who experience a lack of control over achievement activities, i.e. stu
dents with low competence beliefs, experience negative achievement 
emotions that can hinder optimal learning and achievement. 

The CVT distinguishes between proximal processes, referring to the 
interrelations between emotions and appraisals, and more distal de
terminants of these emotions and appraisals (Pekrun et al., 2023). In the 
present study we studied the distal effects of gender and a disposition for 
math anxiety and for math enjoyment on situated math competence 
beliefs. 

1.2. Achievement emotions in mathematics 

Achievement emotions, defined as “emotions that occur in response 
to events and actions that are judged according to competence-based 
standards of quality”, are of crucial importance to students' academic 
performance and wellbeing (Pekrun et al., 2023, pp. 146). Achievement 
emotions can be positive or negative, activating or deactivating, and 
focused on either an achievement activity or an achievement outcome 
(Pekrun et al., 2023). Students can experience trait, habitual achieve
ment emotions reflecting their recurring feelings in relation to 
achievement activities and outcomes in a subject domain, and state, 
momentary emotions in specific achievement situations (Pekrun, 2006). 
It is suggested that, on the one hand, dispositional achievement emo
tions and control/value appraisals contribute to situational emotions 
and appraisals, while on the other hand situational experiences shape 
more general feelings and appraisals over time (Dietrich et al., 2019; 
Roos et al., 2015). Within the mathematical domain, general enjoyment 
and anxiety are the most widely studied achievement emotions. 

Enjoyment is a pleasant emotion, positively related to math 
achievement, while anxiety is an unpleasant emotion, negatively related 
to math achievement (Barroso et al., 2021; Camacho-Morles et al., 2021; 
Gunderson et al., 2018; Namkung et al., 2019; Pekrun et al., 2017; 
Raccanello et al., 2019). Both emotions are typically activating, as they 
arouse physiological systems such as heart rate and respiration rate. 
Enjoyment is best understood in relation to an ongoing activity, while 
anxiety is mostly related to negative achievement outcomes (Pekrun 
et al., 2023). 

Earlier studies have shown that enjoyment in mathematics is posi
tively related to math competence beliefs (Goetz et al., 2010; Peixoto 
et al., 2017; Van der Beek et al., 2017; Wen & Dubé, 2022; Živković 
et al., 2023), indicating that students who experience control over 
mathematical achievement activities also tend to enjoy these activities 
(Pekrun, 2006). Some longitudinal studies only found predictive effects 
of earlier competence beliefs on later enjoyment in mathematics but not 
vice versa (Du et al., 2021; Forsblom et al., 2022), while others did find 
prior enjoyment to be a predictor of later math competence beliefs (Clem 
et al., 2021; Lehikoinen et al., 2023; Pinxten et al., 2014). 

Mathematics anxiety has been shown to be negatively related to 
competence beliefs in mathematics (Cipora et al., 2022; Goetz et al., 

2010; Li et al., 2021; Peixoto et al., 2017; Van der Beek et al., 2017; Wen 
& Dubé, 2022; Živković et al., 2023). Longitudinal studies showed that 
this relation is reciprocal: students with higher global mathematics 
anxiety were likely to develop lower competence beliefs regarding their 
mathematical functioning, which in turn increased their math anxiety 
(Ahmed et al., 2012; Clem et al., 2021; Du et al., 2021; Putwain & Wood, 
2023; Wang et al., 2020). 

The studies described above were focused on students' general 
achievement emotions and global competence beliefs regarding math
ematics as a subject domain. However, given the situational specificity 
of competence beliefs (Pekrun & Marsh, 2022), the question remains to 
what extent students' general feelings towards math can also affect their 
situated competence beliefs during a specific math problem solving ac
tivity. Only a few studies have been conducted on the relation between 
general achievement emotions and situated competence beliefs in 
mathematics, and they found positive concurrent correlations between 
situated competence beliefs and enjoyment in mathematics, and nega
tive correlations with math anxiety (Morony et al., 2013; Stankov et al., 
2014). Further research is needed in order to gain a better insight in how 
situated math competence beliefs are affected by general emotions 
regarding mathematics. 

1.3. Situated competence beliefs 

The CVT states that competence beliefs can be situation-specific 
(Pekrun, 2006; Pekrun & Perry, 2014). However, in most educational 
studies thus far, competence beliefs were operationalized as self- 
concept: students' global competence beliefs regarding their overall 
ability in a subject domain such as mathematics (Goetz et al., 2010; 
Huang, 2011). The self-concept develops over a longer period of time, 
and strongly depends on contextual factors such as teacher feedback and 
students' ability relative to their peers (Marsh, 1990; Möller & Marsh, 
2013). While self-concept as a global measure of competence beliefs is 
recall-based and relatively stable, a situated measure assesses beliefs as 
they are experienced from moment to moment (Roos et al., 2015). The 
few studies that have addressed situated competence beliefs from a CVT 
(related) perspective, showed that these beliefs were strongly situation- 
specific (e.g., Dietrich et al., 2017; Moeller et al., 2022; Pekrun & Marsh, 
2022). 

For example, the study by Dietrich et al. (2017) revealed the pres
ence of substantial variation of university students' situational expec
tancies (e.g., ‘I will be good at these contents at the exam’) between and 
within lessons, even within relatively short time lags of half an hour. 
Moeller et al. (2022) accordingly demonstrated that university students' 
situational expectancies varied significantly between the beginning, 
middle and end of a single lecture. A cross-lagged panel model showed 
that expectancies and negative situational emotions correlated with 
each other at each time point during the lecture, but they were not 
related across time lags (Moeller et al., 2022). In line with these findings, 
Malmberg and Martin (2019) showed that competence beliefs (e.g., 
‘How well were you doing at this task?’) and situational autonomous 
motivation (e.g., “I enjoyed the task’, similar to the emotion of enjoy
ment) in primary school students were interrelated concurrently, but 
unrelated from one time point to the following within schooldays. Their 
findings also indicated relative stability of daily measures of competence 
beliefs themselves within school subjects in the course of one school 
week (Malmberg & Martin, 2019). 

Overall, these findings underline the importance of investigating 
competence beliefs at a situated level in order to understand how they 
are built-up over time to constitute more stable beliefs. However, dif
ferences between the studies in the concepts used to describe students' 
sense of control, the age of the participants and the definition of ‘situ
ation’ make it hard to draw further conclusions. Moreover, the role of 
global achievement emotions as a potential source of individual differ
ences in situated math competence beliefs still remains unclear. 
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1.4. Gender differences 

Gender differences in math attitudes are well-established. In general, 
from elementary school into adulthood, females report a higher level of 
mathematics anxiety, less enjoyment in mathematics and lower math
ematical competence beliefs than males (Cipora et al., 2022; Dowker 
et al., 2016; Morony et al., 2013). These findings are often attributed to 
gender stereotypes: math aptitude is both explicitly and implicitly 
associated with the male gender. Stereotype endorsement leads to 
higher mathematics competence beliefs, lower math anxiety and higher 
interest in the STEM field in boys, and lower competence beliefs, higher 
anxiety and lower interest in girls (Casad et al., 2015; Master, 2021; 
Moè, 2018; Passolunghi et al., 2014; Rossi et al., 2022; Wen & Dubé, 
2022). Men are far more likely than women to pursue a math-related 
study and career, even though actual gender differences in academic 
performance are small or even non-existent (Bench et al., 2015; Cipora 
et al., 2022; Dowker et al., 2016; OECD, 2014). 

From the perspective of self-regulated learning, several studies have 
investigated gender differences in situated competence beliefs in math. 
These studies typically focused on the metacognitive ability to accu
rately estimate one's performance on a math problem or test. For 
example, some studies found that boys tended to overestimate their 
mathematical performance, whereas girls estimated their performance 
more accurately (Bench et al., 2015; Boekaerts & Rozendaal, 2010; 
Gonida & Leondari, 2011; McMurran et al., 2023; Morony et al., 2013; 
Sheldrake et al., 2014). Boys also generally report higher situated 
competence beliefs in mathematics than girls, in the absence of gender 
differences in performance (Morony et al., 2013; Roderer & Roebers, 
2013). 

The studies described above thus show that boys hold more favorable 
competence beliefs and achievement emotions towards mathematics. 
Less is known about gender differences in the relation between those 
concepts. That is, we are not aware of studies on gender differences in 
the strength of the relation between emotions and (situated) competence 
beliefs. Knowledge about gender differences in the predictive value of 
math enjoyment and anxiety on situated competence beliefs can inform 
the design of tailored motivational interventions in STEM education, 
especially for talented girls. 

1.5. The present study 

The goal of the present study was to gain more insight into the for
mation of students' competence beliefs in mathematics. We investigated 
the predictive value of mathematics enjoyment, mathematics anxiety 
and gender on students' competence beliefs during mathematical prob
lem solving. We also investigated gender differences in mathematical 
performance, math enjoyment and anxiety, and in the predictive value 
of these emotions on situated math competence beliefs. 

In the present study, we focused on situated competence beliefs, 
measured at the item level: after each math problem we asked high 
school students to rate how certain they were of their just-provided 
solution. In other studies, this measure has been referred to as ‘confi
dence’ (e.g., McMurran et al., 2023; Stankov et al., 2014). Some studies 
registered dichotomous responses (i.e., correct or incorrect; Bellon et al., 
2021; Fernández et al., 2015), while other studies used rating scales 
(McMurran et al., 2023; Morony et al., 2013). Fig. 1 provides an example 
of a mathematical problem with a competence belief rating as used in 
the present study. 

The actual accuracy of the provided solution is one of the most 
important predictors of post-item competence judgements (Boekaerts & 
Rozendaal, 2010; Stankov et al., 2012): whether your solution to a test 
item is correct or incorrect largely defines your perception of compe
tence on that test item. However, as described before, these judgements 
are never perfect. In order to gain a better understanding of the factors 
affecting these situated competence beliefs, an item-level approach to 
the data is needed, which takes the actual performance on each 

individual test item into account (Boekaerts & Rozendaal, 2010; 
McMurran et al., 2023). The findings of the previous studies on the 
relation between general math emotions and situated competence be
liefs in math (i.e., Morony et al., 2013; Stankov et al., 2014) were based 
on an aggregated, mean measure of the post-item competence beliefs 
ratings, without taking the correctness of each individual solution on the 
math problems into account. The item-level approach that we have used 
in the present study fully captures the situatedness of post-item 
competence judgements, and is further described in Section 2.4. 

Our research was guided by the following research questions and 
hypotheses, which are also summarized in Fig. 2: 

1. Do the emotions of math enjoyment and math anxiety predict situated 
math competence beliefs, when controlling for the actual performance? We 
expected that math enjoyment would positively predict situated math 
competence beliefs, and that math anxiety would negatively predict 
situated math competence beliefs. 

2. Are there gender differences? We divided this question into three 
subquestions: 

(a) Does gender predict situated math competence beliefs, when con
trolling for actual performance? We expected boys to have higher situated 
math competence beliefs. 

(b) Are there gender differences in the predictive value of math enjoyment 
and math anxiety on situated math competence beliefs, when controlling for 
actual performance? We have no hypothesis on gender differences in the 
predictive value of emotions on situated math competence beliefs; this is 
an exploratory research question. 

(c) Are there gender differences in the distal predictors of math enjoy
ment, math anxiety, and math performance? We expected boys to show 
higher levels of enjoyment and lower levels of math anxiety than girls. 
We expected no gender differences in math performance. 

2. Materials and methods 

This study was part of a larger cross-cultural study on a variety of 
non-cognitive factors related to mathematics achievement (Morony 
et al., 2013). The international research project was coordinated by the 
National Institute of Education (NIE) in Singapore. The present study 
was a re-analysis of the data from the Dutch sample and focused 
exclusively on situated math competence beliefs, math performance, 
emotions, and gender. 

2.1. Participants 

Participants were 1014 students (55 % girls; Mage = 15.1 years; SD =
0.6) in the third year of secondary education, comparable to ninth grade, 
from eight urban secondary schools in The Netherlands.2 The schools 
were recruited based on convenience sampling. Due to missing values 
(see Section 2.4), the analyses were conducted on 866 participants (85.4 
%) with complete data. The Netherlands has a tracked secondary edu
cation system, with broadly three tracks. The sample represented these 
three tracks, including 233 students (53 % girls) from VMBO-TL (i.e., 
lower vocational education at ISCED level 2, European Commission, 
2014), 335 students (56 % girls) from HAVO (i.e., higher general sec
ondary education at ISCED level 3) and 298 students (54 % girls) from 
VWO (i.e., pre-university education at ISCED level 3). The study was 
approved by the Singapore Ministry of Health at the time it was con
ducted. Re-use of these data after removing identifiers was approved of 
by the ethics review board of the Faculty of Social and Behavioral Sci
ences of Utrecht University (file number 22-0216). 

2 Gender options were either ‘boy’ or ‘girl’, there was no ‘other’ category. 
This was not yet common practice at the time of data collection for this study. 
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2.2. Measures 

The survey instruments were translated from English into Dutch by 
the authors. The Dutch translation was reviewed for accuracy and 
fluency by the collaborating Dutch-speaking Belgium research team. 
Clear instructions regarding the translation and review were provided 
by the coordinating team of the NIE in Singapore. After piloting the 
survey with students from a school that was not involved in the study, 
some adaptations were made, as some students indicated that they did 
not understand certain words. The survey was conducted online using 
Qualtrics survey software. It consisted of various non-cognitive scales, 
interspersed with mathematical problems. In the present study the 
following variables were used: situated math competence beliefs, math 
performance, enjoyment and anxiety in mathematics, and gender. The 
order of the scales and the items within the scales was randomized, 
except for the mathematics enjoyment item. This question was always at 
the end of the questionnaire, because it was added by the authors, 
specifically for the Dutch sample. 

2.2.1. Situated math competence beliefs 
Directly following each mathematical problem in the survey, stu

dents were asked to answer the question: ‘How confident are you that 
your answer is correct?’. In steps of 10 %, students rated their compe
tence belief between 0 % (“just guessing”) and 100 % (“absolutely 
certain”). In the original study, some of the items were multiple choice 
questions, meaning that a pure guess still had a chance of 1/number of 
choice options of being correct. To prevent our competence belief rating 

from being confounded with the way students handle this probability 
calculation, only the five open-ended mathematical problems were 
analysed in this study. No further scaling procedure of the five math 
competence beliefs ratings was applied, because these competence be
liefs were analysed at the item level (see Section 2.4). Hence, reliability 
measures are not provided. See Fig. 1 for an example of an open-ended 
mathematical problem with a competence belief rating. 

2.2.2. Math performance 
Math performance was based on the students' solution to each of the 

five mathematical open-ended problems that were used for investigating 
situated competence belief ratings. A correct solution was scored ‘1’ and 
an incorrect solution was scored ‘0’. The open ended mathematical 
problems were derived from the PISA 2003 assessment (Salz & Figueroa, 
2009) and spanned several mathematical subdomains. Fig. 1 provides an 
example of an open-ended mathematical problem that was used in the 
current study. Since math performance was also investigated at the item 
level, no further scaling procedure was applied. 

2.2.3. Mathematics emotions: enjoyment and anxiety 
Mathematics anxiety was assessed with fifteen items that were used 

in a previous study with Dutch students (Van der Beek et al., 2017) and 
partly derived from PISA 2003. An example of an item is: ‘I get very 
nervous doing Mathematics problems’. Students responded on a four- 
point scale (‘strongly disagree’, ‘disagree’, ‘agree’, ‘strongly agree’, 
scored 1 to 4 respectively). An exploratory factor analysis was conducted 
to evaluate the structure of the math anxiety scale. Five items were 

Fig. 1. Example of a mathematical problem with a competence belief rating.  

Competence beliefs 
during math problem solving

Math enjoyment 

Math anxiety

Gender
Math performance

(control variable)

(R
Q

 1
, 

2
a,

  
2

b
)

higher in boys (RQ 2c)

higher in girls (RQ 2c)

no gender differences (RQ 2c)

Fig. 2. Conceptual model of the research questions and hypotheses of the study.  
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excluded from further analyses because of small factor loadings (<0.3). 
The resulting factor with the remaining ten items was used for the an
alyses. The internal consistency was checked by computing Cronbach's 
alpha, which was good (α = 0.916). 

Mathematics enjoyment was measured with a single item at the end 
of the survey: ‘How much do you like mathematics?’. Students were 
asked to indicate their answer on a five-point Likert scale (with scale 
points 1 =‘not at all’, 2 = ‘a little’, 3 = ‘somewhat’, 4 = ‘quite a bit’, 5 =
‘very much’). This question was specifically added to the Dutch version 
of the international questionnaire and it was not possible to add multiple 
questions. While the use of a single item is not ideal, it was still 
considered adequate because the concept measured was very straight
forward. No further scaling procedure was applied. 

2.3. Procedure 

Data collection was conducted by four graduate students, who were 
trained and supervised by the first two authors. Participants completed 
the survey in groups during a mathematics class of approximately 45 
min. The survey took place in the computer labs in their schools. The 
consent of the participants was asked on the first page of the survey, 
after explanation of the goal of the study and the confidentiality of the 
data. The students were informed that participation in the survey was 
voluntary and that they could withdraw at any time. Students who did 
not give their consent or withdrew during the survey, and students who 
finished the survey before the end of the lesson were asked to work on an 
alternative task without disturbing the other students. 

2.4. Statistical analyses 

Inspection of the data showed that the data on situated competence 
beliefs were not normally distributed, with both extremes of the scale (0 
% and 100 %) being chosen relatively often. Therefore, we fitted an 
ordinal mixed effects model to the data with the R package lme4 (cu
mulative link mixed model; Bates et al., 2014), with items and students 
as levels and situated competence beliefs as the dependent variable. In 
an ordinal model, the ordinal dependent variable is transformed into a 
continuous latent variable by means of a link function. This continuous 
variable reflects probabilities for each different choice option of the 
ordinal scale. That is, if scores on this latent variable are low, proba
bilities are relatively high for options reflecting low situated competence 
beliefs. With increasing values on this scale, options reflecting higher 
situated competence beliefs gradually become more probable. For our 
analyses, we used a logit link function to create this variable. 

The model was run in four steps. In Model 0, we used only the control 
variable of performance on each mathematical problem to predict sit
uated competence beliefs. In Model 1, we added the emotions of 
mathematical enjoyment and anxiety. This model addresses research 
question 1: the effects of emotions on situated competence beliefs. With 
the next two models we investigated the role of gender. In Model 2, the 
main effect of gender was added to the model. This model addresses 
research question 2a regarding the effect of gender on situated compe
tence beliefs. In Model 3, the interaction terms between gender and 
performance, anxiety and enjoyment were added. These interaction 
terms address research question 2b and test if the effects of performance 
and emotions on situated competence beliefs differ between boys and 
girls. 

Sum-to-zero contrasts were used and all numerical variables were 
mean-centered to create interaction terms. Statistical significance of the 
predictors was determined with (type III) Likelihood Ratio tests using 
the anova function in R (R Core Team, 2023), using an alpha of 0.05. 
Models were also evaluated with Nagelkerke pseudo R2, a measure that 
is comparable to R2 in a regression analysis, although its values tend to 
be lower (Smith & McKenna, 2012). 

The models are all so-called maximal models (Barr et al., 2013), 
meaning that each theoretically possible random intercept and random 

slope was included. The model thus contained random intercepts for 
both items and students, by-student random slopes for math perfor
mance, and by-item random slopes for gender, math performance, 
enjoyment and anxiety. Students and items were thus allowed to vary in 
their overall competence belief ratings; effects of math performance on 
situated competence beliefs were allowed to vary across students, and 
effects of gender, enjoyment and anxiety on situated competence beliefs 
were allowed to vary across items. 

Finally, research question 2c regarding gender differences in the 
mean level of both emotions and math performance was investigated by 
conducting a t-test for mathematics anxiety and Mann–Whitney U tests 
for math performance and enjoyment, since these variables were not 
normally distributed. 

The analyses were conducted on 866 of the 1014 students that 
participated in the study. The missing cases were 148 students that did 
not fill out the mathematics enjoyment item, likely because this item 
was one of the final questions. No further correction or control was 
applied because inspection of the data indicated missingness at random. 

3. Results 

3.1. Descriptive statistics 

Table 1 provides the means and standard deviations of the variables 
of the study for the total sample and for boys and girls separately. 

Table 2 shows the correlations between the variables of the study for 
the total sample and for boys and girls separately. Note that, for both 
boys and girls, situated competence beliefs were positively related to 
math enjoyment and performance, and negatively related to math 
anxiety. 

3.2. Ordinal mixed effects models 

Four consecutive ordinal mixed effects models were run to investi
gate predictors of situated math competence beliefs. The results are 
presented in Table 3. Model 0, the control model, showed that perfor
mance was a significant predictor of situated competence beliefs in 
mathematics: correct solutions were associated with higher competence 
ratings than incorrect solutions. Model 1, in which the predictors of 
enjoyment and anxiety were added to the model, showed that the 
addition of these emotions improved the prediction of these competence 
ratings. Mathematics enjoyment positively predicted situated math 
competence beliefs, and mathematics anxiety negatively predicted sit
uated math competence beliefs. 

In Model 2, gender was added to the model. The results show that 
this addition increased the explained variance, and gender significantly 
predicted situated math competence beliefs. The negative estimate in
dicates that boys reported higher situated math competence beliefs than 
girls – when correcting for emotions and performance on the math items 
(i.e. correctness of the solutions). As in Model 1, performance on the 
mathematical problems and enjoyment in mathematics were significant 
predictors of situated competence beliefs. However, after adding gender, 

Table 1 
Means and standard deviations for situated competence beliefs, math enjoy
ment, math anxiety, and math performance.   

Total sample 
(N = 866) 

Boys 
(N = 392) 

Girls 
(N = 474)  

M (SD) M (SD) M (SD) 

Competence beliefsa 66.7 (23.1) 74.9 (20.8) 60.0 (22.7) 
Math enjoyment 3.0 (1.3) 3.14 (1.2) 3.0 (1.3) 
Math anxiety 1.9 (0.6) 1.8 (0.6) 1.9 (0.6) 
Math performanceb 2.8 (1.4) 2.9 (1.4) 2.7 (1.4)  

a Mean of the five competence ratings (min = 0, max = 100). 
b Mean number of correct solutions (min = 0, max = 5). 
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the effect of mathematics anxiety was no longer significant. 
In Model 3, interaction terms between gender and math perfor

mance, math enjoyment and math anxiety were added to the model. This 
increased the proportion of explained variance, but only slightly. The 
results show that only one of the three interaction terms was significant: 
the interaction between Gender x Math Performance. The direction of 
this interaction effect is illustrated in Fig. 3. Both genders show higher 
situated math competence beliefs for correct solutions than for incorrect 
solutions, but this difference is significantly, though slightly, larger for 
boys than for girls. The line is also higher overall for boys than for girls, 
reflecting the main effect of gender. The other two interaction effects 
were not significant, indicating no evidence for a difference between 
boys and girls in the predictive value of emotions on situated math 
competence beliefs. 

Fig. 4 illustrates how the regression coefficients presented in Model 3 
relate to the original choice options on the situated competence beliefs 
scale (from 0 % to 100 % in increments of 10 %). Panel A shows the 
latent situated competence beliefs scale on the X-axis, and probability 
for each response option on the Y-axis. Each of the 11 response options is 
displayed as a curve. The panel shows how at low situated competence 

belief levels, lower percentage options have higher probabilities of being 
chosen, and as situated competence beliefs increase, higher options in
crease in probability. The regression coefficients presented in Table 3 
represent movement along this axis. For example, the coefficient of 0.34 
for enjoyment means that for every 1SD increase in enjoyment, one 
moves 0.34 steps to the right on this axis. 

The values that were presented in Fig. 3 are also depicted in Fig. 4 as 
vertical lines. For example, the predicted latent situated competence 
value for a boy with average anxiety and enjoyment levels who had 
provided a correct solution is 1.49 (see also Fig. 3). Fig. 4 displays that at 
this value, the probability of a 100 % score on the situated competence 
belief scale is around 0.40, and for 90 % this is around 0.20. For a girl 
with otherwise similar values, the probability of a 100 % choice is only 
around 0.15. Inspection of the raw data confirmed that boys were far 
more likely than girls to choose the 100 % score. Boys chose this option 
for about 50 % of their correct solutions, against 20 % in girls. Boys were 
still 100 % certain about 23 % of their incorrect solutions, against 11 % 
in girls. 

Since the curves in Panel A are not very easy to discern, Panel B 
shows a cumulative probability plot of the same curves: here the curves 
are stacked on top of each other so each is clearly visible. The probability 
for each option at a certain Situated Competence Beliefs value is re
flected as the vertical distance between two consecutive curves. 

3.3. Gender differences in the mean level of emotions and math 
performance 

Table 4 shows the test results for gender differences on math 
enjoyment and anxiety and math performance. The independent sam
ples t-test showed a significant difference between boys and girls in math 
anxiety. Girls reported slightly higher math anxiety levels than boys (see 
Table 1 for the means and standard deviations). The Mann–Whitney U 
tests showed a significant but small gender difference on enjoyment in 
mathematics, with boys (mean rank 454.40) enjoying math more than 
girls (mean rank 416.22). There was no significant difference between 
boys and girls in math performance. 

4. Discussion 

The goal of the present study was to gain more insight into how 
achievement emotions and gender contribute to students' competence 
beliefs during mathematical problem solving. Using the framework of 

Table 2 
Pearson correlation coefficients between situated competence beliefs, math 
enjoyment, math anxiety, and math performance.   

1. 2. 3. 

1. Competence beliefsa    

Total sample –   
Boys –   
Girls –   

2. Math enjoyment    
Total sample 0.37* –  
Boys 0.32* –  
Girls 0.39* –  

3. Math anxiety    
Total sample − 0.26* − 0.46* – 
Boys − 0.18* − 0.35* – 
Girls − 0.28* − 0.54* – 

4. Math performanceb    

Total sample 0.57* 0.28* − 0.21* 
Boys 0.65* 0.31* − 0.19* 
Girls 0.53* 0.24* − 0.22*  

* p < .01 
a Mean of the five competence ratings (min = 0, max = 100). 
b Mean number of correct solutions (min = 0, max = 5). 

Table 3 
Results of the ordinal mixed effects model, including gender, predicting situated math competence beliefs.   

Model 0 Model 1  

B SE LR p B SE LR p 

Performa 1.65 0.24 12.08  <0.001  1.65  0.24  12.08  <0.001 
Enjoy      0.38  0.15  21.04  <0.001 
Anxiety      − 0.46  0.06  7.14  0.008 
Nagelkerke pseudo-R2     0.187     0.208    

Model 2 Model 3 

B SE LR p B SE LR p 

Performa  1.68  0.22  13.30  <0.001  1.72  0.24  18.81  <0.001 
Enjoy  0.34  0.05  16.93  <0.001  0.34  0.05  20.00  <0.001 
Anxiety  − 0.26  0.13  3.47  0.062  − 0.26  0.14  3.52  0.061 
Genderb  − 0.65  0.07  20.06  <0.001  − 0.62  0.07  24.58  <0.001 
Gender × Perform      − 0.19  0.09  3.98  0.046 
Gender × Enjoy      0.05  0.05  1.66  0.198 
Gender × Anxiety      − 0.03  0.14  0.45  0.503 
Nagelkerke pseudo-R2     0.235     0.237 

Note. Perform = Math performance; Enjoy = Math enjoyment; Anxiety = Math anxiety. 
a Mean centered: incorrect = − 0.55, correct = 0.45 
b Boys = − 1; girls = 1 
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Pekrun's Control-Value Theory (CVT; 2006), and recent insights into the 
context-dependent nature of competence beliefs (Eccles & Wigfield, 
2020; Nolen, 2020; Pekrun & Marsh, 2022), we investigated the pre
dictive value of math enjoyment, math anxiety and gender on students' 
situated math competence beliefs. The results were controlled for actual 
math performance, as this is regarded as an important predictor of sit
uated competence judgements. Our item-level analyses of these 
competence ratings provided the opportunity to control for the actual 
accuracy of the provided solutions. This enabled us to investigate the 
unique predictive value of gender and emotions on situated math 
competence beliefs. 

First, our findings corroborated previous studies on the predictive 
value of actual math performance on situated math competence beliefs 
(Boekaerts & Rozendaal, 2010; McMurran et al., 2023; Stankov et al., 
2012): students rated their competence beliefs higher after a correct 
solution than after an incorrect solution. Although the relative contri
butions were modest, our findings also showed that situated math 
competence beliefs were additionally explained by emotions and 
gender. As expected based on propositions of the CVT and corresponding 
empirical evidence (e.g., Clem et al., 2021; Forsblom et al., 2022; 
Morony et al., 2013), math enjoyment was positively related to situated 
math competence beliefs and math anxiety was negatively related to 
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Fig. 3. Illustration of the interaction effect between Gender x Math performance on (latent) situated math competence beliefs.  

Fig. 4. (Cumulative) Probability curves on the latent situated competence beliefs scale.  
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situated math competence beliefs, although the latter effect disappeared 
in models that also included gender as a predictor. Gender differences 
were in the expected direction (e.g., Cipora et al., 2022; Dowker et al., 
2016; Morony et al., 2013): boys reported higher situated math 
competence beliefs and higher math enjoyment than girls, whereas girls 
reported higher math anxiety. We found no further gender differences, 
neither in math performance nor in the predictive value of both emo
tions on situated math competence beliefs. This shows that while the 
degree to which the emotions of anxiety and enjoyment are experienced 
differs between boys and girls, their effect on competence beliefs is the 
same. 

4.1. Emotions and situated math competence beliefs 

Research question 1 addressed the predictive value of math enjoy
ment and anxiety on situated math competence beliefs, controlled for 
actual math performance. As hypothesized, math enjoyment positively 
predicted situated competence beliefs in mathematics: after correcting 
for actual performance, students who generally tend to enjoy mathe
matical activities reported higher situated competence beliefs, while 
students with higher general math anxiety tend to report lower 
competence beliefs. These findings expand earlier studies showing 
strong interrelations between general math enjoyment and anxiety and 
global math competence beliefs such as mathematical self-concept (e.g., 
Goetz et al., 2010; Peixoto et al., 2017; Van der Beek et al., 2017; Wen & 
Dubé, 2022; Živković et al., 2023). 

The positive effect of enjoyment turned out to be robust: the pre
dictive value on situated math competence beliefs remained significant 
even when controlling for the predictive value of math performance, 
math anxiety, gender and interaction effects between gender and the 
other predictors. The negative predictive value of math anxiety, on the 
other hand, was only significant in the presence of math performance 
and math enjoyment. It is possible that the level of math anxiety as re
ported by the ninth-grade students in our sample was too low to 
significantly affect competence belief ratings in the presence of the 
stronger predictor of gender. As reported in the international study by 
Morony et al. (2013, pp. 86), Dutch students showed the lowest math
ematics anxiety of all participating countries. Similar studies in different 
contexts (i.e. different ages, cross-cultural studies) could shed more light 
on this issue. 

In sum, it can be concluded that, taking actual mathematical per
formance into account, students' habitual, recurring feelings regarding 
mathematics are a small but additional source of individual differences 
in situated math competence beliefs. Although it is not possible to draw 
causal conclusions from our concurrent data, it is suggested that stu
dents' general feelings towards math can to a limited extent affect their 
situated competence beliefs in a positive or negative way. 

4.2. Gender differences 

Research question 2 concerned gender differences in situated math 
competence beliefs, math performance, emotions and in the predictive 
value of emotions on situated math competence beliefs. Our results 
showed that gender indeed had a modest but unique predictive value. 
Even when correcting for emotions and math performance, boys rated 
their competence higher than girls. Furthermore, we found that the 
difference in competence ratings between correct and incorrect solu
tions was larger for boys than for girls. Phrased differently, the gender 
difference in situated competence beliefs was stronger for correct than 
for incorrect solutions. 

Inspection of the raw competence belief data showed that boys were 
often absolutely certain (100 %) about their solutions, even after a 
mistake but especially when they had given a correct answer, while girls 
did not show such a pronounced peak. Corroborating previous research, 
our study did not find gender differences in math performance (Morony 
et al., 2013; Roderer & Roebers, 2013). This suggests that our findings 
are in line with the gender bias in math competence beliefs as reported 
in previous studies (e.g., Bench et al., 2015; Sterling et al., 2020). Boys 
do not only show higher global mathematics competence beliefs: the 
gender bias also manifests at single items. 

In addition to the gender difference in math competence beliefs, girls 
also reported higher math anxiety and less math enjoyment than boys – 
factors that we also found to contribute to competence beliefs, especially 
enjoyment. In line with previous studies on gender differences (e.g., 
Cipora et al., 2022; Samuelsson & Samuelsson, 2016), these findings 
seem to reflect girls' general negative attitude towards math (Frenzel 
et al., 2007). This is rather worrying in the light of girls avoiding edu
cation and careers that require mathematical skills and knowledge 
(Ahmed, 2018; Bench et al., 2015; Dowker et al., 2016). Girls' negative 
attitude towards math has been related to gender stereotyping by par
ents and teachers: they believe that boys are better at math and more 
appropriate for STEM professions than girls (Gunderson et al., 2012; 
Rossi et al., 2022; Samuelsson & Samuelsson, 2016; Starr et al., 2022; 
Wang et al., 2021). Furthermore, higher confidence and overconfidence 
in one's mathematical performance has been directly associated with a 
higher testosterone level in men (Eisenegger et al., 2017). 

In sum, our findings showed that being a boy or a girl contributes to 
situated math competence beliefs, even when gender differences in 
emotions are controlled for. That is, the gender difference in situated 
math competence beliefs, without taking emotions into account, would 
actually be larger: the fact that boys like math more and have lower 
math anxiety will positively contribute to their situated math compe
tence beliefs, while girls' lower enjoyment and higher anxiety will 
negatively affect their situated math competence beliefs even more. 

4.3. Implications for educational research and practices 

An important topic for future research is to further unravel the 
contribution of global and situational factors in the development of 
students' competence beliefs in mathematics, as research on this topic is 
in its early stages (Eccles & Wigfield, 2020; Pekrun & Marsh, 2022). Our 
study showed that situated math competence beliefs are partially 
explained by variations in students' dispositional, trait achievement 
emotions. This aligns with the idea that dispositional emotions and 
control/value appraisals contribute to situational emotions and ap
praisals (Dietrich et al., 2019; Orbach et al., 2019). 

However, studies on the discrepancy between trait and state emo
tions in mathematics suggest that trait measures mainly reflect subjec
tive beliefs because they are recall-based, and that state measures reflect 
actual emotions as they are experienced in the moment (Roos et al., 
2015). Therefore, situational, state emotions may possibly be more 
impactful on situated math competence beliefs than dispositional emo
tions regarding math (Orbach et al., 2019). Future research could 
expand our findings by investigating achievement emotions at a situated 

Table 4 
Test results for gender differences in situated math competence beliefs, math 
enjoyment, math anxiety and math performance.   

t df p Cohen's d 

Math anxiety 4.0 864 <0.001 0.27    

U z p rb 

Math enjoyment  101,095.00  2.31  0.021  0.08 
Math performancea  99,598.50  1.87  0.062  0.06  

a Mean number of correct solutions (min = 0, max = 5). 
b r = z/

̅̅̅̅̅̅̅̅̅̅
866.

√
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level, for example by using experience sampling (Goetz et al., 2016; 
Pekrun & Marsh, 2022). Moreover, implementing these measures in real 
achievement test situations could foster the ecological validity of the 
study (Roderer & Roebers, 2013). As our study underlines girls' negative 
attitude towards mathematics, gender differences should be the focus of 
attention. Furthermore, based on the propositions of the CVT (Pekrun, 
2006), other possible predictors of situated competence beliefs such as 
value appraisals and achievement goals, could be investigated in future 
research in order to gain a profound insight into how these competence 
beliefs are built in specific achievement situations. 

It is suggested that the frequency and intensity of situational expe
riences in achievement situations influence the development of more 
stable, dispositional emotions and appraisals such as competence beliefs 
(Dietrich et al., 2019; Orbach et al., 2019). The embeddedness of a sit
uated competence belief rating in the achievement situation has the 
potential to provide clear and detailed cues for educational professionals 
to implement self-enhancement interventions in their practices, such as 
guidance in reflective thinking and feedback strategies (Stankov & Lee, 
2014). A meta-analysis on the effects of competence beliefs in
terventions showed that interventions targeting a specific domain such 
as mathematics were much more effective than global self-enhancement 
interventions (O'Mara et al., 2006). It can be expected that more specific 
and recurring competence beliefs interventions directed to specific tasks 
yield even better effects. 

Enhancing situated competence beliefs requires feedback aimed at a 
specific task, such as feedback on self-regulation skills and the processes 
needed to understand tasks. These types of feedback are generally found 
to be effective for learning (Hattie & Timperley, 2007). By contrast, the 
frame of reference model on self-concept entails that feedback is global 
and primarily directed towards the student rather than the process. This 
type of feedback, specifically aimed at personal evaluations, has been 
found not to be beneficial for either cognitive or affective aspects of 
learning (Dweck et al., 2004; Hattie & Timperley, 2007). Research on 
the effects of specific feedback strategies on situated competence beliefs 
and achievement emotions in mathematics is worthwhile (e.g., Shaqlaih 
& Celik, 2017). Furthermore, longitudinal research could provide in
sights into the effects of this intervention on the development of more 
global, habitual competence beliefs and emotions regarding math. 

Given the disadvantaged position of girls in the mathematical field, 
their affect and achievement in mathematics deserves special attention 
in educational practices. Interventions designed to improve girls' atti
tudes towards mathematics should already be administered in elemen
tary school, as negative affect starts to build from an early age (Frenzel 
et al., 2007). An intervention focusing on showing especially girls how 
often their answers are correct, even when they doubt themselves, may 
strengthen their confidence and possibly also reduce anxiety and 
enhance motivation. Furthermore, students with negative feelings to
wards mathematics, especially girls, could also benefit from in
terventions aimed at emotion regulation strategies and structured 
interventions fostering the belief that emotions and math abilities are 
malleable (Moè, 2016; Moè et al., 2021; Raccanello et al., 2022). Finally, 
informing parents and teachers about the undesirable effects of stereo
typing for girls, and female role-model interventions with counter- 
stereotypical content are important steps in tackling this persistent 
problem in mathematics education (González-Pérez et al., 2020). These 
interventions could be a focus of future research. 

4.4. Limitations 

There are several limitations to our study. First, our study used 
concurrent data. Longitudinal data is to be preferred in order to pro
foundly understand the development of situated competence beliefs 
over time, and the causal relations between dispositional and situational 
aspects of emotions and appraisals. A second, related limitation is that 
we measured all variables of the study at the same time, while our 
conceptual model assumes that math enjoyment and anxiety, as 

predictors, were measured prior to the situated competence beliefs. 
Possibly, the (difficulty of the) math problems and the competence be
liefs ratings in the questionnaire affected students' responses to the 
questions on math enjoyment and anxiety. In that case, although the 
questions were aimed at mathematics in general, our emotion measures 
might have also captured situational experiences. Furthermore, for 
future research we recommend to measure math enjoyment with mul
tiple items, as is usually done in other studies (e.g., Raccanello et al., 
2019). 

By presenting the same mathematical items to all students, effects of 
item difficulty relative to ability could not be disentangled. Future 
research could adapt item difficulty to students' individual ability in 
mathematics, leading to similar proportions of correct and incorrect 
solutions for students with different levels of ability. This circumvents 
the issue that confidence in one's solution is easier to determine for items 
that were either very easy or very difficult for a particular student. 
Competence belief ratings are specifically interesting for items that 
generally match the individual students' overall mathematical knowl
edge and skills. Our study made a first step to correct for the biases that 
this may yield by including performance on the math problems of the 
solution as a predictor in the analyses. However, difficulty of the item is 
regarded as an important determinant of post-item competence judge
ments (Dinsmore & Parkinson, 2013; McMurran et al., 2023). 

Finally, the study was done in a convenience sample of Dutch 15- 
year-olds and warrants generalization in studies in different pop
ulations. On the other hand, the large sample size of our study and the 
representation of students from different tracks add to the credibility 
and trustworthiness of our findings. 

4.5. Conclusion 

In conclusion, in the present study we demonstrated the modest 
predictive value of math enjoyment and math anxiety on situated 
competence beliefs in mathematics. Our results furthermore showed 
lower situated math competence beliefs and math enjoyment, and 
higher math anxiety in girls, despite the absence of a gender difference 
in math performance. These findings underline the need for specific 
educational interventions that enhance competence beliefs and positive 
emotions and invalidate the math gender stereotype. Post-item compe
tence judgements capture the situatedness of competence beliefs and 
provide sound opportunities for motivational interventions. Our study 
expands the literature on relations between emotions and global math 
competence beliefs and acknowledges the context-dependent nature of 
competence beliefs. We encourage the use of situated competence belief 
measures in future research in order to gain more insight into how 
competence beliefs are built during mathematical problem solving. 
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