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Girls have much lower mathematics self-efficacy than boys, a likely contributor to the underrepresentation of women in STEM. To help explain this gender confidence gap, we examined predictors of mathematics self-efficacy in a sample of 1,007 9th graders aged 13–18 years (54.2% girls). Participants completed a standardized math test, after which they rated three indices of mastery: an affective component (state self-esteem), a meta-cognitive component (self-enhancement), and their prior math grade. Despite having similar grades, girls reported lower mathematics self-efficacy and state self-esteem, and were less likely than boys to self-enhance in terms of performance. Multilevel multiple-group regression analyses showed that the affective mastery component explained girls’ self-efficacy while cognitive self-enhancement explained boys’. Yet, a chi-square test showed that both constructs were equally relevant in the prediction of girls’ and boys’ self-efficacy. Measures of interpersonal sources of self-efficacy were not predictive of self-efficacy after taking the other dimensions into account. Results suggest that boys are advantaged in their development of mathematics self-efficacy beliefs, partly due to more positive feelings and more cognitive self-enhancement following test situations.
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INTRODUCTION

Most postindustrial nations face a fundamental dilemma: while the gender gap in mathematics achievement is closing, females are still deciding against studying and working in science, technology, engineering, and mathematics (STEM; Dasgupta, 2011; Legewie and DiPrete, 2012; Ceci et al., 2014; Hyde, 2014). The percentage of women receiving degrees in STEM languishes around 30%, even though in most Western societies more than half of college degrees are obtained by women (OECD, 2006, 2007; Hill et al., 2010; Friedman-Sokuler and Justman, 2016). The same pattern can be observed in non-academic careers: although women represent about half of the general labor force in Western countries, they occupy only 24% of the positions in STEM working fields (Halpern et al., 2007; OECD, 2007; Friedman-Sokuler and Justman, 2016).

Historically, women’s underrepresentation in scientific fields has been explained by their alleged lower innate ability in mathematics, one key subject of STEM. However, research has challenged this claim (Friedman, 1989; for overviews see Ceci et al., 2014; Hyde, 2014), with evidence showing that the gender gap in factual mathematics achievement has narrowed considerably in the past decades (Hyde et al., 1990a, 2008; Hyde and Mertz, 2009; Else-Quest et al., 2010; Lindberg et al., 2010). Now, differences in self-efficacy between girls and boys are by far the most frequently cited explanation for the gender gap in STEM (Kanny et al., 2014). One particularly relevant variable is self-efficacy beliefs in mathematics, which consistently predicts educational achievement and career outcomes above and beyond prior performance (Pajares, 1996; Richardson et al., 2012; Cheema and Galluzzo, 2013; Galla et al., 2014; Larson et al., 2015). Thus, “performance and self-efficacy don’t always go hand in hand” (Dasgupta, 2011, p. 232). It seems that girls – although they receive similar grades to boys – are more likely to lack confidence in their mathematical abilities (Catsambis, 1994; Tiedemann, 2000; Else-Quest et al., 2013).

To explain this apparent contradiction, it is crucial to examine the reasons for the relatively low self-efficacy beliefs of girls, which are not yet well understood. The current paper draws on data from over 1,000 secondary school students to examine three sources of self-efficacy beliefs in mathematics: mastery, social persuasion in the form of positive feedback and encouragement from others, and exposure to positive vicarious experiences.

The current study extends previous research in two ways. First, we differentiate between three dimensions of mastery. Traditionally, mastery experience has been measured by asking students to recall their mathematics grades. In addition to this, the current study measures two situational mastery experiences, assessed immediately after taking a standardized mathematics test. These are state self-esteem (an affective measure reflecting how people felt about their test performance), and self-enhancement (a meta-cognitive measure reflecting the gap between subjective and objective ratings of test performance). In doing so, we are able to nuance between how objective indices of achievement differ from subjective interpretations of one’s achievements in terms of shaping prospective self-efficacy beliefs of girls and boys. Second, we draw on sociometric methods to examine the role of social persuasion and vicarious experiences on self-efficacy. As such, the current study moves beyond the reliance on self-report measures that has caused ambiguity in the conclusions that can be drawn from previous research.



THEORETICAL FRAMEWORK


Mathematics Self-Efficacy: Outcomes and Predictors

Learners’ confidence in their skills and capabilities to succeed in certain tasks – irrespective of their actual performance – is frequently described as self-efficacy (Pajares, 1996; Bandura, 1997). Self-efficacy beliefs predict how long students will persist at a task in order to solve it (Pajares, 2005; Paunonen and Hong, 2010) and how effortful they engage in academic situations as rated by their teachers (Galla et al., 2014). Moreover, bolstering self-efficacy beliefs has been shown to have a positive effect on self-regulation and performance (Schunk and Ertmer, 2000). Partly for these reasons, higher self-efficacy beliefs among students are associated with higher achievement, above and beyond differences in prior performance (Multon et al., 1991; Parker et al., 2014; Schöber et al., 2018; for a review see Richardson et al., 2012).

In his social cognitive theory, Bandura (e.g., 1997, 2001) distinguished between four sources of self-efficacy: mastery experiences, social persuasion, vicarious experiences, and physiological states (note that the current manuscript focuses on only the first three of these sources; we did not measure physiological states). Mastery experiences, often assessed as grades in the relevant domain, refer to past experiences of success and failure, and are typically considered to be the largest predictor of self-efficacy beliefs (Bandura, 1986, 1997; Britner and Pajares, 2006; Usher and Pajares, 2008; Byars-Winston et al., 2017). In contrast to mastery experiences and physical or affective states, which are intrapersonal sources of self-efficacy, social persuasion and vicarious experiences are interpersonal sources of self-efficacy, grounded in the social environment. Social persuasion is typically conceptualized as realistic, positive feedback from others about one’s abilities. Several studies show an association between social persuasion and the self-efficacy beliefs of students (Joët et al., 2011; Phan, 2012; Lau et al., 2018; for an overview see Usher and Pajares, 2008), although the relationship is often weak when controlling for the other sources (Byars-Winston et al., 2017). The specific source of social persuasion might also be of importance: in some studies, social persuasion by family members and peers was most important (Ahn et al., 2016), while in other studies only social persuasion by teachers predicted self-efficacy (Ahn et al., 2017; Won et al., 2017).

Vicarious experiences refer to the extent that people have examples of good or poor performance in a particular task in their life. Vicarious experiences are thought to affect self-efficacy in the sense that observing outcomes of significant others as models can be experienced as indicative of one’s own capabilities. Bandura (1994) theorized that, while similarity to the model performing a task will be particularly relevant for the model’s effects on self-efficacy beliefs, students will also be likely to seek upward comparisons to models who possess the competencies they aspire to acquire. So far, researchers have not succeeded in demonstrating the exact nature of the association empirically. It remains unclear which type of models (e.g., similar or more competent peers, prestigious adults) exert which kind of influence on students’ self-efficacy (Usher and Pajares, 2008; Joët et al., 2011). In one study, vicarious model experience from teachers was a significant positive predictor of self-efficacy in 2,893 middle school students (Ahn et al., 2016). In other studies, however, neither vicarious experience from teachers nor from family or peers significantly predicted self-efficacy when controlling for the other sources (Ahn et al., 2017; Byars-Winston et al., 2017).



Mathematics Self-Efficacy and Gender

It has been consistently reported that girls show lower mathematics self-efficacy than boys (OECD, 2012a, 2014a; for a meta-analysis see Huang, 2013), and that this difference partly explains the gender gap in the choice of a career in STEM. Hackett and Betz (1981) were the first to suggest that the gender differences in career-relevant self-efficacy might be due to girls and boys having different access to the sources of self-efficacy. For example, in a study with 3rd-grade elementary school students, Joët et al. (2011) found that girls reported lower levels of mathematics mastery than boys. In a study by Lent et al. (1996) with high school students, however, no difference in mathematics-related accomplishments in terms of gender became apparent.

With respect to interpersonal sources of self-efficacy, evidence has been mixed. Girls in elementary school reported receiving less social persuasion than boys in mathematics, and comparable vicarious experiences (Joët et al., 2011). In contrast, girls in high school report somewhat more persuasive and vicarious experiences than boys (Lent et al., 1996).

The focus of these studies is on identifying overall differences between girls and boys in their access to the different sources of self-efficacy. Other researchers have focused on how the different sources of self-efficacy are weighted differently by girls and boys in terms of the extent to which they predict self-efficacy. For academic self-efficacy beliefs, Usher and Pajares (2006) identified mastery experiences as a strong predictor for both genders, whereas social persuasion was only a strong predictor of self-efficacy for girls. In a qualitative study, Zeldin and Pajares (2000) explored the narratives of women in mathematical, scientific, and technological careers. The authors found that women most frequently mentioned social persuasion and vicarious experiences as sources of their self-efficacy beliefs in these domains. Analyzing the data of 2,511 upper-elementary and middle school students, Butz and Usher (2015) found that mastery experience and social persuasion were the most frequently reported sources of self-efficacy, but girls reported social sources more often than boys. In an analysis of 331 physics students, Sawtelle et al. (2012) found that vicarious learning was most important for predicting physics self-efficacy among women, whereas mastery experience was the strongest predictor among men. In sum, research across these domains suggests that intrapersonal sources (i.e., mastery experiences) might be an especially relevant predictor of boys’ mathematics self-efficacy, whereas interpersonal sources (i.e., social persuasion and vicarious experiences) might be relatively more important for girls’ mathematics self-efficacy.



Examining “Live” Mastery Experiences: Self-Enhancement and State Self-Esteem After a Test

Traditionally, operationalizations of mastery experiences have used either (self-reported) previous grades from official rosters (Matsui et al., 1990; Klassen, 2004) or items inquiring about grades (e.g., “I got a high grade in last year’s math class”, Lent et al., 1991; “I am capable of receiving good grades on my assignments in this class”, Sawtelle et al., 2012; Dou et al., 2016). These measures are based on school marks or performance in class, representing an external, distal evaluation.

To better understand mastery experiences, we argue that it would be beneficial to tap into the “live” experiences and interpretations of a situation in which abilities are demonstrated, rather than simply measuring previous achievements. How students feel about themselves and their performance in such situations and how they think they performed can be relevant. To our knowledge, the current study is the first to directly test the relative contribution of these factors to boys’ and girls’ mathematics self-efficacy. We describe these measures in more depth below.

Performance-related state self-esteem (Heatherton and Polivy, 1991) represents an affective interpretation of one’s own performance and can be assessed directly following a test situation. As Heatherton and Polivy (1991) point out “James (1890) described self-esteem as similar to a barometer that rises and falls as a function of one’s aspirations and success experiences. He also noted that there is a certain average tone to the self-feelings people maintain that is largely independent of objective feedback that might contradict the self-concept” (p. 895). In line with this, we argue that performance-related state self-esteem might contribute to our understanding of mastery experience. Further, we expected to find substantial gender differences in state self-esteem, given that girls report higher levels of math anxiety and less positive affect toward mathematics than boys (Betz, 1978; Hyde et al., 1990b; Else-Quest et al., 2010; Nosek and Smyth, 2011). Thus, it seems plausible that girls will also report lower state self-esteem after a mathematics test, which, in turn, could lead them to be less optimistic about their capability to master future challenges.

Self-enhancement, defined as unrealistically positive self-views (Alicke and Sedikides, 2009), represents a meta-cognitive interpretation of one’s performance in a situation. Like state self-esteem, it is well suited to being assessed immediately following an actual test situation. This construct is more specific than academic self-concepts, which have been defined as students’ perception of their competence at a given activity (e.g., Wigfield and Eccles, 2000). In contrast, self-enhancement taps into illusory competence beliefs; that is, the subjective, psychological component of self-confidence that is left once objective performance is taken into account. Self-enhancement is also conceptually distinct from self-efficacy: whereas self-efficacy is directed to anticipated future events, self-enhancement contains interpretations of past or present events. Past research suggests that girls self-enhance less in mathematics than boys (Kurman, 2004). This could be one explanation for girls reporting less mastery experiences in mathematics, even when they obtain equal or better grades. This, in turn, might contribute to their lower self-efficacy beliefs.



Distal Measures for the Assessment of Interpersonal Sources

In the past decade, several researchers have called for the development of new measures for the interpersonal sources of self-efficacy. This is due to the unsatisfactory reliability of the available items, specifically regarding vicarious experiences (Usher and Pajares, 2008; Ahn et al., 2017). While Ahn et al. (2017) focused on nuancing interpersonal sources by assessing different social models, we propose sociometric data as novel measures of interpersonal sources of self-efficacy. Using distal measures of environmental variables – meaning that the information they contain is not obtained from the individual itself but from its social environment – promises to add explanatory power when predicting outcomes (Fiedler, 2014).

Typically, researchers have evaluated interpersonal sources of self-efficacy by using self-report measures. In order to form a social persuasion score, students in previous research have been asked whether they received encouraging messages about their academic abilities from significant others (e.g., “My classmates said that I understood everything taught in class”, Hampton, 1998; “People often tell me that I am a good mathematics student”, Usher and Pajares, 2006; “When I am struggling with math, my teacher tells me that I can do well”, Ahn et al., 2017). In doing so, it remains unclear whether students actually receive this encouragement, or whether self-reported levels of received social persuasion are biased by one’s own efficacy beliefs (Ahn et al., 2017).

We propose that being asked for advice in a particular domain is a straightforward ascription of one’s competence by others. Thus, in the present research, social persuasion is measured by assessing the number of classmates who – in their own questionnaires – indicate that they would ask the respective peer for advice if they had mathematics-related problems. A meaningful association between the number of nominations a student receives from peers and social persuasion has been shown in recent research (Dou et al., 2016). Furthermore, children aged 7–11 years use environmental cues to infer the existence of peer relationships (Neal et al., 2014), which is particularly straightforward in the case of help and advice seeking. It can therefore be assumed that students who are frequently named by their classmates as popular math helpers are aware of their popularity, and hence, are benefiting in terms of social persuasion.

Similarly, we designed our survey to provide more objective information about vicarious experiences. Vicarious experiences are typically assessed by various forms of self-report in which students are asked to rate their degree of exposure to peer or adult models (e.g., “I have a friend who wants to have a math-related career”, Ahn et al., 2017; “Many of the adults I know have good math skills”, Lent et al., 1991). However, asking students about their comparison partner does not give objective information regarding the performance level and academic standing of that person. In the present research, vicarious experience was therefore assessed by measuring the model’s achievement directly (rather than via self-report by the participant) once the participant indicated the preferred model. To deduce the models’ competence-related status in the respective classroom environment, their achievement was located with respect to the mean achievement of all comparison partners chosen by other classmates (i.e., group mean centering; cf., Aiken and West, 1991). Doing so allowed us to identify whether students with high modeling aspirations (i.e., the ones really choosing more competent models than their classmates, and not just perceiving them as more competent) would show higher levels of self-efficacy.



THE PRESENT RESEARCH

With girls and boys showing increasingly similar mathematics performance, the question arises why girls nevertheless keep reporting lower self-efficacy in mathematics. In order to better understand this, the current research investigates gender differences in mathematics self-confidence following a test performance.

Complementing the traditional method of asking participants to retrospectively report previous grades to assess mastery experiences, the present study includes two measures assessed immediately after a mathematics test: state self-esteem and cognitive self-enhancement. Furthermore, interpersonal predictors of self-efficacy are assessed by using objective proxies. Students’ popularity as a source of advice in their mathematics classes serves as an indicator of social persuasion. Students’ modeling choices are captured by directly measuring the academic achievement of vicarious models. The constructs measured in the current study are summarized in Figure 1. Physiological and affective states before the test performance were not assessed in this study.
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FIGURE 1. Conceptual model of the predictors of mathematics self-efficacy including (proxy) measures.


Consistent with previous research, we hypothesized that girls would show lower levels of mathematics self-efficacy than boys (Hypothesis 1). We further predicted that girls would score lower than boys both on self-enhancement (Hypothesis 2a) and state self-esteem (Hypothesis 2b). Given the lack of consistency in previous research – and given that we are introducing unconventional distal measures of the interpersonal sources – we did not formulate direct hypotheses regarding social persuasion and vicarious experiences. However, we expected that all assessed sources should significantly predict mathematics self-efficacy above and beyond achievement in terms of test performance (Hypothesis 3). We further examined whether different sources predicted girls’ and boys’ self-efficacy. On the basis of the research that relied on self-report measures (Sawtelle et al., 2012; Butz and Usher, 2015), we predicted that boys’ self-efficacy beliefs would be more influenced by intrapersonal influences (i.e., self-enhancement and state self-esteem), whereas girls’ self-efficacy would be more influenced by interpersonal influences (i.e., social persuasion and vicarious experiences; Hypothesis 4).



METHOD


Sample

To test our hypotheses, we used a subsample of a dataset collected as part of a larger study on educational adjustment of adolescents. Material on all measures relevant for the present study was administered to 1,007 secondary school students in 48 classrooms (M = 20.98, Min = 8, Max = 32) in Germany. In 10 classrooms, scales for the evaluation of own performance in the test were not administered due to a misunderstanding among research assistants. Of the 813 remaining students, 28 did not nominate a comparison partner and another 20 nominated themselves and were thus excluded from the analyses. For one student, there was missing information regarding his or her gender. Given our interest in gender differences, this student was also excluded from the analyses. The excluded cases (n = 243) did not differ from our final sample (n = 764) with regard to mathematics self-efficacy (t = −0.265, p = 0.791), state self-esteem (t = −1.419, p = 0.156), and the social persuasion score (t = −1.092, p = 0.275). However, significant differences were found for students’ self-reported mathematics grade (t = 4.039, p ≤ 0.001), students’ test performance (t = −12.236, p ≤ 0.001), the mathematics grade of the comparison partner (t = 4.552, p ≤ 0.001), and the self-enhancement score (t = 2.053, p ≤ 0.05). In comparison to the excluded cases, the students in our final sample had better grades in mathematics, showed a higher test performance in the standardized mathematics test, chose comparison partners with better grades in mathematics and were less likely to self-enhance. This can be explained by the fact that the classrooms, in which the material relevant to this study was not administered, were all lower track classrooms.

The final dataset thus consisted of 764 9th graders of German secondary schools (56.8% female, Mage = 15.43, SDage = 0.81, Minage = 13 years, Maxage = 18 years). Of this sample, 42.1% reported that at least one of their parents were born in another country than Germany. Regarding the different secondary school types, 80.0% of the students attended the Gymnasium (higher school track), 12.2% the Realschule, and 7.9% the Hauptschule (lower school tracks). In order to assess socioeconomic background, students indicated the approximate number of books in their home. This measure has repeatedly been applied in international assessments of educational attainment (e.g., OECD, 2012b, OECD, 2014b, OECD, 2017a) and shown to be an adequate proxy for the educational, social, and economic background of the students’ families (e.g., Ehmke and Siegle, 2005; Watermann and Baumert, 2006). Of the 720 students who provided information on the number of books in their home, 0.3% reported “none”, 4.3% “1–10 books”, 12.1% “11–50 books”, 17.2% “51–100 books”, 22.5% “101–250 books”, 23.5% “251–500 books”, and 20.1% “more than 500 books”. To obtain more precise estimates, reliability analyses as well as grand and group means for the classrooms were obtained from the larger dataset of 1,007 students.



Procedure

With the consent of schools, teachers, and parents, questionnaires were administered during regular class hours. Students were told that we were interested in how they see themselves, and what they think and feel. They were informed that participation was voluntary, reassured that there were no right or wrong answers, and encouraged to respond as spontaneously as possible in whatever way seemed right for them. Parents were given the option to withdraw their consent even after their children participated in the survey. Anonymity of the data collection and processing was explained and granted.

First, students were given 15 min to work on a standardized performance test in mathematics. They were then asked to estimate the percentage of items that they had answered correctly before reporting their state self-esteem. As a next step, students were asked to provide information on their social networks within the classroom (procedure see below) and to answer the items assessing mathematics self-efficacy. Grades on the previous school report were assessed via self-report at the end of the questionnaire, together with socio-demographic information. All participants who had answered the questionnaire with ostensible diligence took part in a lottery drawing of goods (e.g., books) or vouchers.



Measures


Mathematics Self-Efficacy

To measure the outcome variable of our main analyses, we used a well-established German measure of academic self-efficacy (Jerusalem and Satow, 1999). This measure was adapted for the subject of mathematics by asking students to think about the subject mathematics when answering the items. Example items from the 7-item measure include: “If I try hard enough, I can even solve difficult assignments”, “I am sure I can perform well even if the teacher is doubting my abilities”, and “Even if I would be sick for a longer period of time, I would perform well.” Students indicated their agreement on a 5-point Likert scale (1 = not at all true, 5 = exactly true). There was one negatively phrased item, which was removed from the scale due to a notably increased internal consistency (from α = 0.82 to α = 0.89).



Past Mastery Experience

In line with traditional operationalizations of mastery experience, we assessed students’ self-reported mathematics grade they had obtained on their last report card (Matsui et al., 1990; Klassen, 2004). Grades were recoded so that higher values indicated higher achievement.



Situational Mastery Experience: Individual Test Performance

Students’ test performance was assessed using items from the advanced mathematics test of the Third International Mathematics and Science Study (TIMSS). The test comprised the three content areas of numbers, algebra, and geometry, and has been repeatedly and successfully applied in international student assessments (e.g., Baumert et al., 1999). The test assesses the extent to which students understand and utilize conceptional thinking, problem solving, and application. TIMSS has been designed with extensive input from experts in mathematics and science education, assessment, and curriculum within each participating country (e.g., Burns et al., 2011). Although TIMSS has – especially across states in the United States – been found to be not particularly curriculum-sensitive (Schmidt et al., 1998, 2005), about 80–95% of the mathematical items – depending on the age group – can be classified as “curriculum valid” for Germany (Baumert et al., 1998; Wendt et al., 2016). Before conducting our study, 30 items were pretested and 10 items showing extreme means, and zero or nearly zero variances were eliminated. The 20 items we used in the main study were selected so that (a) the proportion of items with medium difficulty was largest and (b) the item difficulty was between 0.20 and 0.80. Reliability was calculated across the different content categories and was determined to be satisfactory (α = 0.75).



Situational Mastery Experience: Cognitive Component

Self-rated performance was assessed by asking students to indicate how many items they have answered correctly on a 60mm horizontal line. A mark at the far left indicated a very low performance evaluation (none correct) and a mark at the far right indicated a very high performance evaluation (all correct). Distances from the left end to the mark were sized and transformed into percentages (M = 66.60, SD = 20.73, Min = 0%, Max = 100%). To obtain the self-enhancement index, we regressed self-reported performance on the actual performance score and saved standardized residuals (John and Robins, 1994; see also Dufner et al., 2015).



Situational Mastery Experience: Affective Component

Students’ affective interpretation of their performance situation in the mathematics test was assessed by participants’ state self-esteem directly after the performance. Students rated their state self-esteem using an adapted version of the 7-item subscale of Heatherton and Polivy’s (1991) State Self-Esteem Scale (SSES; e.g., “I feel frustrated or rattled about my performance”, “I feel confident that I understand things”). All items used a 5-point Likert response scale (1 = not at all true, 5 = exactly true) and formed a reliable scale (α = 0.81).



Social Persuasion

Students were asked to provide a maximum number of three classmates whom they would ask for help regarding learning and homework in mathematics. We were not interested in the number of outgoing nominations but rather the number of incoming nominations a student received from his or her classmates. We argue that this measure, referred to in social networks as the Indegree (cf., Hanneman and Riddle, 2011), reflects a distal proxy of ascribed competence by other students in the classroom. To obtain the social persuasion score, each participant’s Indegree in each classroom’s advice network was calculated and normalized by class size and thus, by the maximum number of incoming nominations from classmates using UCINET (Borgatti et al., 2002), such that the absolute number of incoming nominations was divided by the maximum possible Indegrees to allow for comparison between classroom networks with different sizes (Hanneman and Riddle, 2011). Due to the high skewness of the social persuasion score, the logarithm ln(score+1) was taken for all analyses.



Vicarious Experiences

Bandura proposed that vicarious experiences affect efficacy beliefs in that comparison to the outcomes of significant others could be experienced as indicative of one’s own capabilities (Bandura, 1994). In order to capture this, before taking the test, students were asked to indicate one classmate whom they would like to compare the results of their mathematics test with once they were finished. To obtain a proxy for vicarious experiences, we retrieved the mathematics grade of the nominated classmate from the data set. We regarded the grade of the respective classmate as a more relevant proxy than the classmate’s test performance given that students in a classroom are more likely to be informed about the grade of a friend, whereas the performance in the test just taken was not yet known. Bandura further theorized that, while comparison to similar others performing a task could be particularly relevant to self-efficacy beliefs, students will also be likely to seek out models with status and prestige. To deduce the model’s competence-related status in the respective classroom environment, his or her achievement was group mean centered (cf., Aiken and West, 1991), subtracting the mean achievement of all comparison partners chosen by other classmates. Doing so allowed us to identify whether students who chose more competent vicarious models than the average classmate would show higher levels of self-efficacy than students who chose less competent models than the average classmate. The majority of students in our sample indicated that they were friends with the chosen comparison partner. Altogether, only 46 out of the 764 students (6.0%) indicated that they were not friends with their chosen comparison partner. Eight of the students who chose a valid comparison partner (1.0%) did not indicate whether they were friends with the comparison partner or not. With regard to same- and opposite-sex choices, only 42 male students chose a female comparison partner (13.0%) and only 51 female students chose a male one (11.8%).



Data Analytic Strategy

At first, measurement invariance across gender was tested for our multi-item measures mathematics self-efficacy and state self-esteem in order to determine the degree of consistent measurement across groups. Doing so allowed us to test whether both measures were comparable in our subsamples of boys and girls, constituting a prerequisite for meaningful group mean comparisons.

In a second step, we estimated descriptive statistics and bivariate correlations for all variables of interest. In addition, we tested mean differences and standardized mean differences between girls and boys using linear regression analyses with a dummy variable taking a value of zero for boys and one for girls.

Next, we regressed students’ mathematics self-efficacy on their test performance using a multilevel multiple-group linear regression model, stratified by gender. To test whether regression parameters in the overall model differed significantly for girls and boys, we compared an unconstrained model allowing for varying parameters between girls and boys to a constrained model in which regression parameters were set equal using a chi-square difference test.

Subsequently, we regressed mathematics self-efficacy on our additional predictor variables: students’ grade in mathematics, students’ self-enhancement score, students’ state self-esteem after the performance test, the social persuasion score (logarithmized), and the grade in mathematics of the chosen comparison partner, while accounting for students’ actual mathematics achievement (i.e., performance in the administered test). Again, a multilevel multiple-group regression analysis, stratified by gender, was conducted and differences in regression parameters between girls and boys were tested using a chi-square difference test.

Finally, we conducted mediation analyses to examine whether substantial parts of gender differences in self-efficacy can be traced back to gender differences in our predictor variables – above and beyond test performance.

Unless stated differently, analyses were run with Mplus version 8.1 (Muthén and Muthén, 1998–2012) using a robust maximum likelihood estimator. The multilevel regression models for girls and boys were estimated simultaneously using the GROUPING command within Mplus (0 = boys, 1 = girls). The complex structure of the data (students nested within classrooms), which may violate the assumption of independent observations within regression analyses (e.g., Snijders and Bosker, 2012), was accounted for by using the TYPE = COMPLEX command within Mplus. Missing data were treated following a full information maximum likelihood approach, which has been shown to yield unbiased parameter estimates and to retain high statistical power (Schafer and Graham, 2002; Enders, 2010). In all analyses, the type of school (dummy coded: 0 = lower academic track; 1 = upper academic track), students’ general academic self-efficacy, and students’ subjective importance of being good in mathematics were used as missing data correlates/auxiliary variables (Muthén and Muthén, 1998–2012). In order to avoid listwise deletion of individuals with missing data on x-variables, independent variables were treated as dependent variables within Mplus (Hox et al., 2015). All variables except for the self-enhancement score were group mean centered. Accordingly, slopes are interpreted as the increase in the criterion variable associated with one unit increase in the predictor variable – relative to the classroom’s mean.



RESULTS


Preliminary Analyses

Before conducting our main analyses, we tested measurement invariance across gender for our two multi-item measures mathematics self-efficacy and state self-esteem within the framework of multiple-group confirmatory factor analyses. For both measures, scalar invariance was supported and thus, the statistical prerequisites for mean value comparisons between both groups were met. For the detailed analyses see the concomitant supplement (Supplementary Analyses).



Descriptive Analyses

In Table 1, descriptive statistics for our dependent and independent variables are shown. Mean values and standard deviations are presented for the total sample as well as separately for girls and boys. As can be seen, there were no gender differences in previous mathematics grades (B = −0.093, p = 0.300, d = 0.093), although boys did outperform girls in the standardized mathematics test we administered (B = −4.941, p ≤ 0.001, d = 0.392). In line with Hypothesis 1, girls reported significantly lower self-efficacy in mathematics than boys (B = −0.405, p ≤ 0.001, d = 0.472). Moreover, girls showed significant lower levels of self-enhancement (B = −0.437, p ≤ 0.001, d = 0.446) and reported significantly lower levels of performance-related state self-esteem than did boys (B = −0.375, p ≤ 0.001, d = 0.443), thereby confirming Hypotheses 2a and 2b. No gender differences were found, however, for students’ social persuasion scores (B = 0.034, p = 0.751, d = 0.025) or for the grades of classmates chosen as comparison partners (B = −0.157, p = 0.081, d = 0.157).


TABLE 1. Summary of means and standard deviations as a function of gender.

[image: Table 1]Table 2 summarizes the intercorrelations among our measures. Significant positive correlations emerged between students’ mathematics self-efficacy and the presumed sources of self-efficacy. Because there were moderate to strong correlations between some of our predictor variables, we tested multicollinearity by means of the variance inflation factor (VIF) associated with each independent variable. We examined VIFs using SPSS (version 25.0; IBM Corp, 2017) based on a multiple regression analysis of students’ self-efficacy on all predictor variables. With the lowest VIF-score being 1.083 and the highest being 1.757, no multicollinearity was indicated.


TABLE 2. Correlations of the dependent and independent variables.
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Multilevel Multiple-Group Regressions

In the next step, we conducted a set of multilevel multiple-group linear regression models. As shown in Table 3 (Model 1), test performance was a positive and significant predictor of self-efficacy for both girls (β = 0.211, p ≤ 0.001) and boys (β = 0.232, p ≤ 0.001). Subsequently, we tested whether students’ grade in mathematics, self-enhancement score, state self-esteem after the performance test, social persuasion score, and the comparison partner’s mathematics grade are relevant predictors of mathematics self-efficacy above and beyond test performance (Hypothesis 3). We also tested whether different sources are relevant for the formation of mathematics self-efficacy in girls as compared to boys (Hypothesis 4).


TABLE 3. Regression models predicting students’ mathematics self-efficacy for girls and boys.

[image: Table 3]As shown in Table 3 (Model 2), mathematics grade was predictive of both girls’ (β = 0.336, p ≤ 0.001) and boys’ (β = 0.356, p ≤ 0.001) mathematics self-efficacy. As expected, students who had demonstrated mastery of mathematics in their most recent course reported higher self-efficacy.

For boys, self-enhancement immediately after the test also predicted self-efficacy – over and above the other predictors (β = 0.202, p ≤ 0.001). Thus, the more they overestimated their performance on the test, the higher they rated their capability to successfully handle future challenges in mathematics (i.e., self-efficacy in mathematics).

For girls, self-enhancement was not a relevant predictor of self-efficacy in mathematics, but state self-esteem was (β = 0.307, p ≤ 0.001). The better they felt about themselves immediately after taking the mathematics test, the higher they rated their self-efficacy for future challenges in mathematics. Another way of interpreting this effect is that the more negatively girls felt about themselves immediately after taking the test, the lower they rated their capability to deal with future challenges in mathematics.

Interestingly, although social persuasion and the comparison partner’s mathematics grade were positively correlated with self-efficacy overall, they did not feature as significant unique predictors when controlling for the other variables (social persuasion: βgirls = 0.084, p = 0.178, βboys = 0.038, p = 0.584; mathematics grade of comparison partner: βgirls = 0.013, p = 0.741, βboys = 0.062, p = 0.159). The overall model explained a total of 34.4% of the variance in mathematics self-efficacy for girls and a total of 29.8% for boys. Cohen’s f2 statistic yielded effect size estimates of 0.52 for girls and 0.42 for boys, which are considered large effects (Cohen, 1988).

In addition to examining each predictor’s significance, we examined whether the regression weights differed significantly for girls and boys. Hereby, we compared two sets of regressions: one that allowed for varying parameters between girls and boys, and one which artificially constrained the model such that regression parameters between girls and boys were set equal. Chi-square statistics were not significant, χ2 (6) = 7.704, p = 0.261, which indicates no difference in parameter estimates between girls and boys. Therefore, according to the results of the chi-square difference test, assessed sources were equally important predictors of girls’ and boys’ self-efficacy. This implies that the findings reported above, although significant, need to be interpreted with caution and warrant replication. All models are reported in detail in the supplement (Supplementary Table 1).



Mediation Analyses

In a final step, we analyzed the direct and indirect effects in mediation analyses (Supplementary Table 2) to examine whether substantial parts of gender differences in self-efficacy can be traced back to gender differences in the predictors – above and beyond their test performance. Here, we found that, in addition to a persisting direct effect of gender on mathematics self-efficacy, there were significant indirect effects through actual achievement in the test (B = −0.044, p ≤ 0.01), self-enhancement (B = −0.047, p ≤ 0.01), and state self-esteem (B = −0.123, p ≤ 0.001).



DISCUSSION

Consistent with previous research (Pajares, 2005; OECD, 2012a, OECD, 2014a; Huang, 2013) and confirming Hypothesis 1, our data showed that girls have much lower mathematics self-efficacy than boys, even though their math grades did not significantly differ. This study was designed to unpack why this might be the case, using three sources postulated in Bandura’s self-efficacy model. We complemented previous research in two ways. First, we nuanced between three types of mastery. In addition to measuring previous grades (which has traditionally been used as a proxy for mastery experiences), we included an affective and a cognitive component of situational mastery experience. Second, we applied sociometric methods to examine the role of interpersonal factors in contributing to self-efficacy without exclusively relying on the target students’ self-report.


The Role of Experiences Following a Test Situation

Girls in our sample felt worse about themselves after the mathematics performance test than did boys, and were less likely to overestimate their performance on the task relative to boys. Furthermore, these differences appeared to be consequential: the cognitive component of mastery (i.e., self-enhancement) was a significant predictor of boys’ (relatively high) self-efficacy, while the affective component (i.e., state self-esteem after the test) was a significant predictor of girls’ (relatively low) self-efficacy. Taken together, our findings suggest that including additional dimensions of mastery indeed contributes to the understanding of mastery experiences as a source of self-efficacy. It should be noted that the difference in sources of self-esteem for boys and girls was subtle, and formal moderation analyses were non-significant. Yet, our findings suggest that different cognitive and affective experiences of girls and boys following test situations can potentially contribute to their prospective self-efficacy beliefs.

These findings corroborate previous results of consistently large gender differences in mastery experience in mathematics (Lent et al., 1996; Kurman, 2004; Joët et al., 2011; for an overview see Usher and Pajares, 2008). However, by complementing self-reported grades using a two-pronged approach to measure experiences following test situations, our results go beyond prior findings. Assessing mastery experience solely by inquiring students’ grades or self-reports of achievements cannot provide an unambiguous answer to the question of why girls report lower mastery experience despite obtaining equal grades in mathematics. A crucial factor might be girls’ negative subjective interpretations following performance situations (Pajares et al., 2007; Usher and Pajares, 2008).

Bandura (2001) notes that “people are sentient, purposeful beings. (…) if they construe their failures as presenting surmountable challenges they redouble their efforts, but they drive themselves to despondency if they read their failures as indicants of personal deficiencies” (Bandura, 2001, p. 6). Consistent with this argument, our fine-grained analysis of mastery experiences suggests that the same performance has quite different implications for girls and boys. On an affective level, girls report lower state self-esteem after taking the test in mathematics. This suggests that they not only discount their performance but also let it undermine the way they feel about themselves: besides thinking of tests as failures more often than boys, girls also feel less worthy after taking them – even before its actual outcomes are known. In this vein, our results complement findings by Crocker et al. (2003), who, examining a sample of 122 female and male students majoring in engineering and psychology, found that self-esteem decreased on days they received poor grades. We find that, on a cognitive level, a self-enhancing student appears to experience low performances as less daunting and high performances as more motivating than a student who self-enhances less (Robins and Beer, 2001; Kurman, 2004). Our finding that boys self-enhance more than girls following a mathematics test suggests a potential explanation for the optimistic beliefs they hold about their future performances. The pattern of results in the multilevel multiple-group regressions and the accompanying chi-square tests suggests that future studies need to clarify whether these different levels of state-self esteem and self-enhancement are distinct predictors for boys and girls, respectively, or whether they are equally important for boys and girls.

The results of complementary mediation analyses further show that gender differences on the evaluative dimensions of mastery could account for substantial parts of gender differences in self-efficacy above and beyond actual achievement. It seems that girls’ subjective evaluation of their performance is just as important for inferring capability in future situations as is their objective achievement. Stereotypical expectations, such as that mathematics is “for boys”, translate into stereotype-consistent and performance-depleting self-perceptions (Nosek and Smyth, 2011). Negative stereotypes about girls in mathematics have been found to be internalized by students even before test performance differences emerge (Dasgupta and Stout, 2014). Likewise, parents are less likely to expect their daughters to work in STEM-related careers, regardless of their academic achievement (OECD, 2017b), reflecting gender-specific career stereotypes in students’ environment. Detrimental effects of internalized stereotypes on performance and confidence have been frequently shown for girls and women in the field of mathematics (Steele, 1997; Spencer et al., 1999; Keller, 2002) and could be one cause of the reported results.



The Role of Interpersonal Factors

A second contribution of the current study is that we drew on actual comparison choices of students in a test situation and sociometric techniques to provide novel indices of these interpersonal sources of efficacy. Using these distal sources instead of self-report data circumvents the possibility that associations between these variables and self-efficacy are merely due to common method variance (cf., Podsakoff et al., 2003). Because our students indicated their model before the test situation (vicarious models) and were nominated as competent helpers by other students (social persuasion), we can infer that our criterion does not overlap with the subjective experience following the test situation. Social psychologists have argued that analytical models contribute more meaningfully to theorizing when intrapsychic processes are linked to extrapsychic (i.e., distal) sources of information than when constructs are measured in similar ways (i.e., both intrapsychic; see Fiedler, 2014).

Although we succeeded in providing new measures of interpersonal sources which – although distal – significantly predicted self-efficacy beliefs, these variables were less relevant in predicting self-efficacy overall and gender differences. Results showed that girls and boys chose equally well-performing models (in terms of grades) and were similarly valued by their peers as competent helpers in the domain of mathematics (vicarious experience and social persuasion, respectively). Furthermore, although these variables were correlated with self-efficacy in the predicted ways, in contrast to our predictions, they ceased to predict significant amounts of variance when other variables were taken into account – for both girls and boys. One of the reasons for this could lie in the distinctive features of our distal measures compared to conventional assessments of interpersonal sources. While self-reported (i.e., perceived) social persuasion might indeed contribute more to girls’ self-efficacy than to boys’, this does not have to be true for social persuasion in the form of potential help-seeking nominations from peers (students were asked whom they would ask for help in mathematics in case they encountered difficulties with homework). Actual help requests from peers in mathematics could be a stronger proxy and more predictive of self-efficacy. Alternatively, students may not be aware of the potential nominations of their classmates. Future studies could include students’ meta-perceptions of themselves as a source of academic help for their peers (cf., Zander et al., 2018). Combining proximal and distal measures of social persuasion could facilitate our understanding of whether it is more important to girls’ self-efficacy beliefs how much persuasion they think they receive versus how much persuasion they actually receive from their peers. Analogously, our measure of vicarious models may not be an adequate assessment of actual modeling taking place. Possibly, other classmates rather than the chosen comparison partners are more relevant models. Our results are consistent with previous studies that also frequently failed to identify vicarious models as a source of self-efficacy (see Usher and Pajares, 2008; Joët et al., 2011). Thus, future research needs to continue the effort to develop new measures assessing vicarious experience and exposure to significant models.



Practical Implications

Bearing in mind that girls and boys differ mostly on the evaluative dimensions of mastery, teachers could help female students forming positive interpretations following test performance. Immediate feedback on their performance could be used to correct girls’ low expectations. Our research shows that girls feel worse and self-enhance less than boys. We find these differences in a situation where students are not aware of their actual performance. In traditional classrooms, it typically takes a few days until students receive feedback about their actual performance from their teachers (often in the form of grades). Since contingency is an important criterion for learning from feedback, we could infer that immediate criterion-oriented feedback following test performances (e.g., by means of digital testing formats) could be an effective tool to improve students’ meta-cognitive skills and narrow the confidence gap between girls and boys. Specifically, girls would immediately learn that they didn’t perform as badly as they felt they did. This could align boys’ and girls’ self-efficacy beliefs.

Likewise, teachers could facilitate female students’ performance-related self-esteem by making them interpret challenges not as a threat to their self-esteem, but as an opportunity to increase their abilities (Dweck, 2000; Yeager and Dweck, 2012). Crocker et al. (2003) found that relying on academic achievement to establish self-esteem costs students more than it supports them: the positive impact of good grades seems to be less influential than the negative impact of bad grades. Instead, encouraging female students to adjust their evaluative response to performance might help to further reduce the gender gap in mathematics self-efficacy. Findings of Kurman (2004) indirectly support this assumption: in a sample of 259 Israeli junior high school students, she found that girls’ self-enhancement in mathematics was positively associated with self-regulated learning behaviors in math 3 months later.



Limitations and Future Directions

Some limitations of the current study suggest fruitful avenues for future research. First, we conducted our study in the national context of Germany. While Germany is one of the countries where the mathematics gender gap in standardized performance is largest (OECD, 2016), applying the present approach across nations – and possibly relating it to attributes of the assessed countries – might provide further insights on which environmental factors determine the different levels of self-efficacy in girls and boys.

While we think that the use of distal measures is a promising avenue for assessing social persuasion and modeling, these measures should be complemented by conventional self-report scales. Further, our measures of interpersonal sources of self-efficacy are limited in that we solely used sociometric data of peers. Given that peers are particularly influential to the academic and intellectual outcomes of students in adolescence (Wentzel, 2017; Zander et al., 2017; Wang et al., 2018), it is plausible that classmates are a central source of social persuasion. However, we acknowledge that parents and teachers might also be important sources of social persuasion information.

A third limitation concerns the correlational nature of the data, which does not allow causal interpretations regarding self-efficacy and its sources. Data on the sources of self-efficacy were nevertheless assessed before the rating of students’ self-efficacy, or based on reports of other students. As such, it seems plausible that the level of self-efficacy is indeed a consequence of the other assessed experiences, but longitudinal designs could reduce this shortcoming in future research.

Finally, Bandura argued that physiological and affective states provide information about arousal during situations in which the capability in the domain in question is demonstrated. Specifically, Bandura proposes that in stressful situations, people take this proprioceptive information as an indicator of (in)capability, which affects their self-efficacy beliefs (Bandura, 1997). In research that examines sources of self-efficacy, typical assessments of physiological states are measures of anxiety or liking, for example whether thinking of a subject makes them feel sick or depressed (Usher and Pajares, 2008). Thus, a fourth limitation of our study is that physiological states were not assessed. Future research could examine the interrelations between students’ physiological states assessed before or during the test, and students’ affective self-evaluation following the test.



CONCLUSION

The present results shed further light on understanding why girls continue to be less successful in standardized large-scale assessments as well as less represented in academic and professional STEM careers than boys. Mathematics self-efficacy has been demonstrated to explain a considerable amount of the gender gap in STEM; increasing it therefore provides one approach to promoting female students. A better understanding of how these differences emerge reveals starting points for teachers to counteract the ongoing disadvantages of girls in mathematics.
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