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This study examined whether different aspects of self-regulation (i.e., emotion and behavior regulation) account for gender differences in German and mathematics achievement. Specifically, we investigated whether higher school achievement by girls in comparison to boys can be explained by self-regulation. German and mathematics achievement were assessed in a sample of 53 German fifth graders (19 boys, 34 girls) using formal academic performance tests (i.e., reading, writing, mathematics) and teachers' ratings (i.e., grades in German and mathematics). Moreover, teachers rated children's behavior regulation using the Self-Control Scale (SCS-K-D). Children's self-reported strategies of emotion regulation were assessed with the Questionnaire for the Measurement of Stress and Coping in Children and Adolescents (SSKJ 3-8). Age and intelligence (CFT 20-R) were included as control variables. Analyses of mean differences showed that girls outperformed boys in German achievement and behavior regulation. Regression analyses, using a bootstrapping method, revealed that relations between gender and German achievement were mediated by behavior regulation. Furthermore, we found a suppression effect of behavior regulation on the relation between gender and mathematics achievement: boys' mathematics achievement was underestimated when the analyses did not control for behavior regulation. We discuss these results from a developmental perspective and within the theoretical framework of self-regulation and achievement.
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Currently, both scientific literature and German mass media are discussing the discrepancy in school achievement between boys and girls, going so far as to call boys the new losers of the educational system (Spiewak, 2010, August 5). Several studies have found significant gender differences in school achievement favoring girls over boys (Cole, 1997; Duckworth and Seligman, 2006). According to the German census, there are more girls than boys in higher secondary schools, whereas more boys than girls attend lower secondary schools. As a consequence, more girls achieve the general qualification for university entrance, whereas more boys complete the certificate of lower secondary school (Statistisches Bundesamt, 2011).

The reasons for these gender differences in school achievement have not been clarified yet. Past research has shown that besides cognitive abilities (e.g., intelligence; Deary et al., 2007; Spinath et al., 2010) the motivation and ability to self-regulate is positively associated with school achievement (Duckworth and Seligman, 2005; Suchodoletz et al., 2009). In line with these findings, previous studies have indicated that specific components of self-regulation—behavioral regulation or self-regulated learning—could contribute to gender differences in school achievement (Duckworth and Seligman, 2006; Kuhl and Hannover, 2012). However, by only investigating behavior regulation, these previous studies neglected the wider conceptualization of self-regulation. The concept of self-regulation includes both behavior regulation and emotion regulation, and both aspects of self-regulation may be related to children's school achievement (Blair, 2002; Calkins, 2007; McClelland et al., 2007). Therefore, it is important to understand the contribution of behavior and emotion regulation to gender differences in school achievement.

In the present study, we investigated in a sample of German fifth graders who had just transitioned from primary school to secondary school whether self-regulation mediates effects of gender on school achievement. In particular, we studied the relations between different aspects of self-regulation (i.e., behavior regulation, emotion regulation) and school achievement in different domains (i.e., German and mathematics achievement).

GENDER DIFFERENCES IN SCHOOL ACHIEVEMENT

Past research suggested that girls are in general more successful in school than boys. Hartley and Sutton (2013) have recently reported that especially boys develop gender stereotypes according to which girls are perceived as academically superior with regard to motivation, ability, performance, and self-regulation. However, previous studies revealed rather inconsistent results concerning gender differences in different domains of school achievement. In the present study, we focused on achievement in German and mathematics because performance in these subjects is seen as an important aspect of school achievement (Schrader and Helmke, 2008). Previous large-scale studies revealed higher German achievement by girls in comparison to boys (Stanat and Kunter, 2003; Stanat et al., 2012). However, the picture of gender differences in mathematics achievement is less clear (Hannover and Kessels, 2011; Stanat et al., 2012). While in some studies boys exceeded girls in mathematics achievement, in other studies no gender differences in mathematics achievement were found (Hannover and Kessels, 2011). For instance, Machin and Pekkarinen (2008) argued that mixed evidence for gender differences in school achievement could be explained in part by a higher variance of boys' in comparison to girls' school achievement.

As Hyde (1990) pointed out, meta-analyses have consistently shown that there are no significant gender differences in general cognitive abilities. Thus, although cognitive abilities are significantly and positively related to school achievement, they cannot explain gender differences in school achievement (Spinath et al., 2010). Therefore, further “non-cognitive” variables have been examined in an attempt to explain gender differences in school achievement. For instance, Spinath et al. (2010) highlighted the importance of personality and motivation for gender differences in school achievement. They found that a higher level of extraversion was associated with higher grades for girls but lower grades for boys. Pomerantz et al. (2002) noted that girls want to please adults to a higher degree than do boys, which leads to girls' higher school grades. Furthermore, stereotypes are an important influence on school achievement in that negative stereotypes disrupt girls' mathematics performance (e.g., Keller and Dauenheimer, 2003). However, a rarely considered explanation for gender differences in school achievement from a developmental point of view is self-regulation (Duckworth and Seligman, 2006).

SELF-REGULATION AND SCHOOL ACHIEVEMENT

Various terms and definitions have been used to conceptualize self-regulation and its components (McClelland et al., 2010). Here, self-regulation is understood as the motivation and ability to maintain goal-directed actions over time and across several situational contexts in order to achieve desired goals (Karoly, 1993). Although relatively stable differences exist between individuals with regard to the motivation and ability to self-regulate (Raffaelli et al., 2005), there is situation specific variance in self-regulation within individuals depending on domain-specific temptation (Tsukayama et al., 2012). Self-regulation is conceived as a broad construct which includes the more specific components behavior regulation and emotion regulation. Behavior regulation includes the motivation and ability to pay attention, to follow rules, to resist temptation, and to inhibit inappropriate actions (e.g., McClelland et al., 2007; Heikamp et al., 2013) . In contrast, emotion regulation is a process that serves to initiate, to inhibit, to maintain, or to modulate the experiences of emotions in order to achieve social adaptation or individual goals (Eisenberg and Spinrad, 2004). In the present study, we focused on strategies of emotion regulation that aim to change the experience of negative emotions (Cole et al., 2004). According to the transactional model of stress and coping, problem-oriented and emotion-oriented strategies can be distinguished (Lazarus and Folkman, 1984). Problem-oriented strategies are directed to the context and aim to change a situation that elicited negative emotions. In contrast, emotion-oriented strategies aim to regulate emotional experiences by changing the appraisal of a situation. Whereas problem-oriented strategies include instrumental actions that aim to change the cause of the negative emotional experience, emotion-oriented strategies involve the behavioral and cognitive avoidance of the problem (Lohaus et al., 2006; Skinner and Zimmer-Gembeck, 2007). Behavior regulation and emotion regulation can be seen as two distinct components of self-regulation. Even though behavior and emotion regulation are distinguishable concepts, they are interrelated during the course of development (Raffaelli et al., 2005). Considering the broad conceptualization of self-regulation and taking into account that self-regulation is a multidimensional construct (e.g., Duckworth and Kern, 2011), it is important to take a more nuanced perspective on self-regulation by viewing behavior regulation and emotion regulation as interrelated but separate aspects of self-regulation.

The transition from elementary to secondary school is associated with increasing demands such as self-organization, homework, and exam preparation in various subjects. Hence, children need to adopt self-regulated learning strategies (through goal-setting, strategy use, and self-monitoring) to be successful in school (Blair, 2002). Students have to develop self-regulation strategies, which include goal oriented processes that aim to regulate emotions and behavior in order to adapt successfully to school (Zimmerman, 1990; Schunk and Zimmerman, 1997; Suchodoletz et al., 2009). Self-regulation, with its components behavior regulation and emotion regulation, is positively associated with school achievement (Calkins, 2007; McClelland et al., 2007). According to Zimmerman and Schunk (2011) self-regulated students are effective in school because they set learning goals, apply effective learning strategies, monitor their own goal progress, establish a productive learning environment, and develop self-efficacy beliefs for learning.

Behavior regulation enables one to remember and follow instructions and to concentrate on tasks without getting distracted. Therefore, behavior regulation is positively related to the development of positive classroom behavior and academic achievement (McClelland et al., 2007). Most notably, behavior regulation accounts for additional variance in school achievement above and beyond the variance that is explained by intelligence (e.g., Duckworth and Seligman, 2005; Suchodoletz et al., 2009).

Blair (2002) argued that adequate emotion regulation in the classroom facilitates cognitive processes (e.g., memory, attention, planning, problem solving), which are necessary for scholastic learning. In the school context, emotions have to be regulated to allow for the child's appropriate achievement behavior (Trommsdorff, in press). In general, both problem-oriented and emotion-oriented strategies can be adaptive strategies to regulate emotions. It depends on the situation which strategy brings higher benefits (Lohaus et al., 2006). Adaptive emotion regulation means to adopt strategies flexible depending on the situation (Lohaus et al., 2006; Skinner and Zimmer-Gembeck, 2007). Regarding strategies which are used to regulate negative emotions in the school context, studies have shown that problem-oriented strategies have positive effects whereas emotion-oriented strategies (e.g., avoidance, distraction) have negative effects on school achievement (e.g., Brdar et al., 2006; Cohen et al., 2008). This effect can be seen in individual differences in preparing for examinations and in different relations with achievement in the school context. For instance, students who are more likely to use problem-oriented strategies prepare for examinations and plan their work, whereas students who use emotion-oriented strategies do not actively cope with the future examination and thus do not take enough time to study (Zeidner, 1995). Whereas problem-oriented strategies might be more effective for school achievement, emotion-oriented strategies might be adaptive in order to regulate emotions in the short term (e.g., to feel good) but may have negative consequences regarding school achievement in the long run.

GENDER, SELF-REGULATION, AND SCHOOL ACHIEVEMENT

Bjorklund and Kipp (1996) argue that a greater evolutionary necessity of women to control their emotional and behavioral reactions in social situations has led to women's higher self-regulation abilities. Davis (1995) suggested that girls are more expected than boys to act according to social rules, which induces girls having more practice and therefore a better ability to regulate their behaviors and emotions. In line with this view, meta-analytic studies have shown that girls have a higher motivation and ability to engage in behavior regulation than boys (e.g., Silverman, 2003; Else-Quest et al., 2006; Cross et al., 2011). Gender differences have also been reported with regard to the habitual use of emotion regulation strategies. For instance, girls tend to use strategies that aim to solve a problem in order to feel better (i.e., problem-oriented strategies) more often than do boys. In contrast, boys tend to emotionally disengage from stressful situations (i.e., emotion-oriented strategies) more often than do girls (Eschenbeck et al., 2007).

Because (a) there is evidence for greater school achievement and self-regulation by girls and (b) self-regulation is positively related to school achievement, one may ask whether self-regulation accounts for gender differences in school achievement. In a sample of US-American eighth graders, Duckworth and Seligman (2006) found that girls' higher school achievement can be explained in part by behavior regulation. Kuhl and Hannover (2012) showed that in a sample of German fourth graders, teachers' ratings of children's self-regulated learning could partly explain gender differences in school achievement. Here, we examined both behavior regulation and emotion regulation as aspects of self-regulation. We investigated whether the relation between gender and school achievement (German and mathematics) is mediated by self-regulation (behavior regulation and emotion regulation). Further, we extended the mediation models by controlling for age and intelligence.

STUDY AIMS

The present research aimed to test if gender differences in school achievement can be explained by gender differences in self-regulation. Therefore, two mediation models were tested to investigate whether behavior regulation and emotion regulation mediate the association between gender and school achievement in German and mathematics. In line with previous findings (e.g., Cole, 1997; Duckworth and Seligman, 2006), we hypothesized that girls have greater school achievement than do boys. Building on past research on gender-differences in behavior regulation (e.g., Silverman, 2003; Else-Quest et al., 2006; Cross et al., 2011), we expected that girls show a higher motivation and ability for behavior regulation than boys. Regarding gender differences in emotion regulation, we hypothesized that girls show problem-oriented strategies more often than boys, whereas boys show emotion-oriented strategies more often than girls (Eschenbeck et al., 2007). In order to extend the scope of previous studies, we examined whether different aspects of self-regulation (i.e., emotion and behavior regulation) account for gender differences in school achievement. Based on past findings, we expected that the relations between gender and school achievement are mediated by behavior regulation (Duckworth and Seligman, 2006; Kuhl and Hannover, 2012). In extension of past research, we investigated whether there is an indirect effect of gender on school achievement mediated by children's use of emotion regulation strategies (i.e., problem-oriented strategies, emotion-oriented strategies).

MATERIALS AND METHODS

PARTICIPANTS

Fifty-seven children participated in the study in summer 2010. The children attended 22 different fifth grade classes in seven different schools in a town in Southern Germany. The class teachers of the 22 fifth grade classes were asked to complete questionnaires about those children of their class who took part in the study. Number of students for whom each class teacher provided reports of grades and behavior regulation ranged from 1 to 5. Four children were excluded from data analysis because of incomplete data sets. Hence, the sample consisted of 53 fifth graders (34 girls) and their class teachers. Children's mean age was 11.23 years (SD = .54). Twenty-two (100%) class teachers (16 female, 6 male) completed questionnaires about the school achievement (i.e., grades) and behavior regulation of those students who attended their class. Thirty-nine (74%) mothers completed questionnaires on their highest school graduation. Of the mothers, 2 (4%) had a lower secondary school certificate (= 1), 11 (21%) had a middle secondary school certificate (= 2), 3 (6%) had a qualification for university of applied sciences (= 3), and 23 (43%) had a general qualification for university entrance (= 4). Thus, mother's mean level of education was 3.21 (SD = 1.03). Parents of child participants provided written informed consent prior to participation. Children who participated received a 15 € gift card, teachers received a 2.50 € gift card for every child they evaluated (15 € maximum), and mothers who answered the questionnaire received a 7 € gift card.

PROCEDURE

In summer of 2010, fifth graders participated at two group-sessions (up to 10 children) in rooms of the university. Each session lasted about 2 h and consisted of two parts (computer lab and seminar room) separated by a 10 min break. Questionnaires and standardized tests were administered in group sessions, limited to 10 children per session. The first session included the nonverbal intelligence test, the mathematics achievement test, and questionnaires. In the second session, reading and writing skills and further questionnaires were administered because the present study was part of a larger project on the relations between self-regulation and school achievement. Teachers and mothers answered paper-and-pencil questionnaires at home.

MATERIALS

Assessment of school achievement

In order to measure school achievement, grades as well as standardized reading, writing, and mathematics tests were assessed. German and mathematics grades were assessed by teachers' reports. Grades were based on children's classroom work and grades of class examinations in the first half of fifth grade (i.e., fifth grade midterm report). School grades were recoded in a way such that a higher score indicated higher school achievement (i.e., 1 = not sufficient/fail to 6 = very good). According to the German curriculum, German grades reflect, besides reading and writing skills, language proficiency (e.g., understanding the meaning of texts and reflection of language use) as well as communication and speech competencies (e.g., presentation of texts, written and oral expression; e.g., Ministerium für Kultus, Jugend und Sport Baden-Württemberg, 2004). Basic reading skills were assessed by measuring reading speed using the Salzburger Reading-Screening for 5th to 8th graders (Auer et al., 2008). Writing skills were measured with the Hamburger Writing Test (May, 2007), which consists of a text with mistakes to be corrected. This test assesses the number of corrected words and punctuation marks and provides an individual profile of orthography strategies. The mathematics subtests numerical comprehension, calculation, and quantities from the Hamburger school achievement test for 4th and 5th graders (Mietzel and Willenberg, 2000) was used in order to assess children's mathematics performance. To avoid influences of confounding variables (e.g., stereotype threat) reading, writing, and mathematics tests were conducted in a standardized manner, following the instructions of the manuals. As aggregated measures combining grades and standardized school achievement tests are more valid measures than separate measures (e.g., teachers' perceptions of children's characteristics can be related with school grades; Mullola et al., 2010), correlations were computed to test whether grades and test scores are significantly related. Pearson correlations showed significantly positive correlations of German grades to reading skills (r = .33, p < .05) and to writing skills (r = .37, p < .01) and between test performance in mathematics and mathematics grades (r = .48, p < .01). Test scores and school grades were standardized by computing z-scores and mean scores were computed for German and mathematics achievement. Accordingly, reading and writing skills and German grades were averaged into a German achievement score. Mathematics test performance and mathematics grades were averaged into a mathematics achievement score.

Assessment of self-regulation

In order to assess individual differences in behavior regulation, the German version of the widely used, reliable, and valid Self-Control Scale (Tangney et al., 2004) from Bertrams and Dickhäuser (2009) was administered. Class teachers answered the 13 items on a 5-point scale (1 = not at all to 5 = very much), e.g., “The child has a hard time breaking bad habits.”. Reliability analysis revealed a Cronbach's α of .94 in the present study.

Strategies of emotion regulation (i.e., problem- and emotion-oriented strategies) were measured using the Questionnaire for the Measurement of Stress and Coping in Children and Adolescents (SSKJ 3-8) (Lohaus et al., 2006). In this questionnaire, children are asked to think of a situation in which they have problems doing their homework. Children answered the items on a 5-point rating scale (from 1 = never to 5 = always) by indicating how often they use problem-oriented strategies (6 items; e.g., “I try to think of different ways to solve it.”) and emotion-oriented strategies (6 items, e.g., “I tell myself it doesn't matter.”) to cope with their emotions. Reliability analyses revealed a Cronbach's α of .80 for problem-oriented strategies and a Cronbach's α of .75 for emotion-oriented strategies.

Assessment of intelligence

In order to assess nonverbal intelligence, the short version of the CFT 20-R (Weiß, 2006) was administered. Sum scores were transformed into age-standardized IQ scores.

DATA ANALYSIS

Pearson correlations were computed to investigate associations of intelligence, age, and mother's level of education with self-regulation (i.e., behavior regulation, emotion regulation) and school achievement (i.e., German and mathematics achievement). Multivariate analyses of covariance (MANCOVAs) were computed in order to test gender differences in school achievement (i.e., German and mathematics achievement) and self-regulation (i.e., emotion and behavior regulation). Mediation models were tested by using the bootstrapping method by Preacher and Hayes (2008). Besides the fact that a bootstrapping approach is especially suitable for small sample sizes, this procedure has two strengths compared to conventional methods of mediation tests. First, multiple mediators are tested in the same model at the same time. Second, using bootstrapping avoids the assumption of a normal distribution of the indirect effects. For estimating point estimates, 5000 bootstrap samples were drawn and, for the indirect effects, 95% confidence intervals were used. A post-hoc power analysis was conducted to analyze, if the sample size was big enough to detect significant mediation effects (Faul et al., 2007)1.

RESULTS

Descriptive statistics are shown in Table 1. In general, boys and girls in the sample had good school achievement, as shown by their grades as well as standardized reading, writing, and mathematics tests. On average, teachers rated children's behavior regulation as high. Overall, boys and girls rated themselves as using problem-oriented strategies more often than emotion-oriented strategies. Children's nonverbal intelligence and mothers' level of education were slightly above average.

Table 1. Descriptive statistics.
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Pearson correlations revealed that age was significantly negatively correlated with intelligence and German achievement. Perhaps older children had lower nonverbal IQ and academic abilities because they already had to repeat school grades. Nonverbal intelligence correlated significantly and positively with German and mathematics achievement. No significant relations were found between mother's level of education and self-regulation (i.e., behavior regulation, problem- and emotion-oriented strategies of emotion regulation) or school-achievement variables (i.e., German and mathematics achievement) (see Table 2). Consequently, age and intelligence were entered as control variables in further analyses.

Table 2. Pearson correlation matrix.
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Separate MANCOVAs were conducted to test gender differences in school achievement (i.e., German and mathematics achievement) and in self-regulation (i.e., behavior regulation, problem- and emotion-oriented strategies of emotion regulation). In both MANCOVAs age and intelligence were included as covariates. Using a Bonferroni adjusted alpha level of .025, the MANCOVA revealed significant gender differences in German achievement favoring girls, F(1, 49) = 5.90, p = .019, η2 = .11, but no significant gender differences in mathematics achievement F(1, 49) = 1.16, p = .287, η2 = .02. The MANCOVA regarding gender differences in self-regulation (i.e., behavior regulation, problem- and emotion-oriented strategies of emotion regulation) using a Bonferroni adjusted alpha level of .017, revealed a significant gender effect for behavior regulation favoring girls, F(1, 49) = 6.65, p = .013, η2 = .12. However, there were no significant gender effects with regard to problem-oriented strategies, F(1, 49) = .14, p = .706, η2 = .00 or emotion-oriented strategies, F(1, 49) = .01, p = .918, η2 = .00. The means and standard deviations for school achievement and the self-regulation variables are shown in Table 3.

Table 3. Summary statistics for school achievement and self-regulation variables.

[image: image]

Further, we tested whether gender differences in children's school achievement were mediated by self-regulation (i.e., behavior regulation, problem and emotion-oriented strategies of emotion regulation). Therefore, two multiple mediation models were tested separately. In one model, German achievement was regarded as a dependent variable and, in the other model, mathematics achievement was regarded as a dependent variable. In both models, age and intelligence were included as control variables. Indirect effects are unstandardized coefficients, which are significant when the 95% confident interval does not contain zero.

The relations between gender, self-regulation (i.e., behavior regulation, problem- and emotion-oriented strategies of emotion regulation), and school achievement, controlled for age and intelligence, are presented in Figure 1. Behavior regulation was significantly and positively related to German and mathematics achievement. Problem-oriented strategies were neither significantly associated with German achievement nor mathematics achievement. Emotion-oriented strategies were significantly and negatively related to German achievement but not significantly associated with mathematics achievement.
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FIGURE 1. Multiple mediation tests of the relations of gender to German and mathematics achievement mediated by behavior regulation and strategies of emotion regulation. Multiple mediation test of the relation between gender and German achievement mediated by behavior regulation, problem-oriented strategies, and emotion-oriented strategies (A). Multiple mediation test of the relation between gender and mathematics achievement mediated by behavior regulation, problem-oriented strategies, and emotion-oriented strategies (B). N = 53; b = unstandardized regression coefficient, controlled for age and intelligence; *p < .05; **p < .01.



Figure 1A shows the results of the mediation model with gender as an independent variable; behavior regulation, problem-oriented strategies, and emotion-oriented strategies as mediator variables; German achievement as the dependent variable; and age and intelligence as covariates. The total effect c was significant, while the direct effect c' was non-significant. Behavior regulation significantly mediated the relation between gender and German achievement (indirect effect = .226, SE = .116, 95% CI [.056, .541]). Behavior regulation was a significant mediator because its 95% confidence interval did not contain zero. Neither problem-oriented strategies nor emotion-oriented strategies were significant mediators (for problem-oriented strategies: indirect effect = .009, SE = .036, 95% CI [−.037, .126]; for emotion-oriented strategies: indirect effect = .007, SE = .063, 95% CI [−.119, .144]; see Figure 1A).

Figure 1B shows the results of the mediation model with gender as an independent variable; behavior regulation, problem-oriented strategies and emotion-oriented strategies as mediator variables; mathematics achievement as the dependent variable; and age and intelligence as covariates. The total effect c was not significant, whereas the direct effect c′ was significantly negative. This means, there was no significant gender difference in mathematics achievement (total effect c) but, when self-regulation variables were entered in the model, there was a significant direct effect (c′) of gender on mathematics favoring boys. Thereby, there was a significant indirect effect of gender on mathematics achievement through behavior regulation (indirect effect = .258, SE = .142, 95% CI [.057, .611]). Hence, there was a suppression effect of behavior regulation on the relation between gender and mathematics achievement. Neither the indirect effect of problem-oriented strategies nor the indirect effect of emotion-oriented strategies were significant (for problem-oriented strategies: indirect effect = .008, SE = .010, 95% CI [−.051, .130]; for emotion-oriented strategies: indirect effect = −.001, SE = .026, 95% CI [−.079, .038]; see Figure 1B).

DISCUSSION

As hypothesized, the present study revealed that German achievement was higher for girls than for boys. There were no gender differences in mathematics achievement. These results are consistent with the results of some studies in the literature, which have also found higher achievement in German or in other language subjects (e.g., English) by girls but no significant gender differences in mathematics achievement (e.g., Spinath et al., 2010; Kuhl and Hannover, 2012). Extending previous research, we investigated gender differences in German and mathematics achievement taking children's motivation and ability for emotion and behavior regulation into account.

The results of the present study revealed that gender differences in German achievement were explained by gender differences in behavior regulation. This finding emphasizes the central function of behavior regulation for German achievement in general as well as the function of behavior regulation for gender differences in German achievement. The interpretation of the results regarding mathematics achievement is more complicated. There was no conventional mediation effect of behavior regulation on the relation between gender and mathematics achievement. Surprisingly, an interesting suppression effect occurred. There was a significant indirect effect of behavior regulation by gender on mathematics achievement. This means that the mathematics achievement of boys is underestimated when analyses do not control for behavior regulation.

The suppression effect could be a reason for the inconsistent findings regarding gender differences in mathematics achievement. The gender difference in mathematics achievement favoring boys is not found when analyses do not control for behavior regulation because girls' higher behavior regulation and the positive effect of behavior regulation on mathematics achievement cancel each other out. This finding could explain why some studies find gender differences in mathematics achievement whereas others do not, as shown in the overview by Hannover and Kessels (2011). There might be other variables that moderate the indirect effect of gender on mathematics achievement. For instance, if girls are confronted with negative stereotypes about females' mathematics achievement, their mathematics achievement worsens (e.g., Keller and Dauenheimer, 2003). A recent study by Galdi et al. (2013) has shown that even when girls are not aware of the mathematics-gender stereotype, automatic associations consistent with the stereotype may hinder girls' mathematics achievement. Hence, for girls with strong negative stereotypes about their mathematics achievement or with the presence of stereotype-consistent automatic associations, behavior regulation might be less strongly related to girls' mathematics achievement in comparison to girls with less negative gender stereotypes. In this case, gender differences in mathematics achievement, favoring boys can be found. Without the presence of stereotypes or stereotype-consistent automatic associations, no gender differences in mathematics achievement would be found because of the suppression effect of behavior regulation. In contrast to former studies, in addition to behavior regulation, we examined the role of emotion regulation on gender differences in school achievement. The present study revealed that strategies of emotion regulation (i.e., problem- and emotion-oriented strategies of emotion regulation) did not mediate the relation between gender and school achievement. As post-hoc power analyses revealed low power for detecting small and medium effects, future studies with larger samples and higher power may find significant mediation effects of emotion regulation strategies. Nevertheless, the present study revealed a significant and negative relation between the use of emotion-oriented strategies of emotion regulation and German achievement. This result suggests that children who tend to engage in active coping are more likely to show higher German achievement than children who tend to disengage mentally and behaviorally from stressful school-related situations (e.g., a lot of homework).

STRENGTHS AND LIMITATIONS

Although the sample size was rather small and children came from a rather homogeneous middle-class socio-economic background, analyses revealed significant gender differences in behavior regulation and German achievement. For instance, gender accounted for a substantial amount of variance in behavior regulation (12%) and German achievement (11%). However, future research using larger and more diverse samples is desirable in order to be able to generalize the findings of the present study to larger populations. Furthermore, emotion regulation was assessed by children's self-reports only. Further studies should include a direct measure of emotion regulation as well as a multiple-measure strategy that takes also other strategies of emotion regulation into account (e.g., reappraisal; Gross and Thompson, 2007). In addition, the present study relied on class teachers' reports for the assessment of children's behavior regulation. Ideally, to measure behavior regulation, direct and multiple-measure strategies should be used. It should also be noted that school grades are teacher evaluations, too. In order to take these limitations into account school achievement was assessed by school grades (i.e., mid-term report grades in German and mathematics) and by standardized achievement tests. Moreover, children's self-regulation (i.e., behavior regulation, emotion regulation) was assessed by teacher report and a self-report measure.

THEORETICAL IMPLICATIONS

In line with previous results, the present study revealed that German achievement and the motivation and ability for behavior regulation was higher for girls than for boys. Moreover, indirect effects of gender on German and mathematics achievement were mediated by children's behavior regulation, but not by strategies of emotion regulation. Furthermore, mediation analyses indicated that mathematics achievement was higher for boys than for girls. However, gender differences in mathematics achievement were canceled out because of girls' higher motivation and ability for behavior regulation that was positively associated with mathematics achievement. Hence, further studies analyzing gender differences in mathematics achievement should consider the possibility that the mathematics achievement of boys may be underestimated when not controlling for behavior regulation. Further studies should investigate whether variables such as stereotype threat moderate relations between gender, behavior regulation, and mathematics achievement. Moreover, as culture influences the development of self-regulation (Trommsdorff, 2009; Heikamp et al., 2013), longitudinal studies are needed to draw causal conclusions concerning the effect of socialization in different contexts (e.g., culture, family, school) on the development of gender differences in self-regulation and school achievement.
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FOOTNOTES

1. ^For the statistical power analyses the sample size of 53, the number of predictors of 6, the alpha level of p < .05, and Cohen's (1988) criteria of effect sizes (small [f2 = .02], medium [f2 = .15], and large [f2 = .35]) were used. The post-hoc analyses revealed that the statistical power for the mediation analyses was .09 and .47 to detect small and medium effects, whereas it was .87 for for detecting large effects. Hence, there was a high power at the high effect size level, but a low power at the medium and small effect size level.

REFERENCES


 Auer, M., Gruber, G., Mayringer, H., and Wimmer, H. (2008). SLS 5–8: Salzburger Lese-Screening für die Klassenstufen 5–8 [SLS 5–8: Salzburger Reading-Screening for 5th to 8th graders]. Bern: Huber.


 Bertrams, A., and Dickhäuser, O. (2009). Messung dispositioneller Selbstkontroll-Kapazität: Eine deutsche Adaptation der Kurzform der Self-Control Scale (SCS-K-D) [Measuring dispositional self-control capacity: a German adaptation of the short form of the Self-Control Scale (SCS-K-D)]. Diagnostica 55, 2–10. doi: 10.1026/0012-1924.55.1.2

 Blair, C. (2002). School readiness: integrating cognition and emotion in a neurobiological conceptualization of children's functioning at school entry. Am. Psychol. 57, 111–127. doi: 10.1037/0003-066X.57.2.111

 Bjorklund, D. F., and Kipp, K. (1996). Parental investment theory and gender differences in the evolution of inhibition mechanisms. Psychol. Bull. 120, 163–188. doi: 10.1037/0033-2909.120.2.163

 Brdar, I., Rijavec, M., and Loncaric, D. (2006). Goal orientations, coping with school failure and school achievement. Eur. J. Psychol. Edu. 21, 53–70. doi: 10.1007/BF03173569


 Calkins, S. D. (2007). “The emergence of self-regulation: biological and behavioral control mechanisms supporting toddler competencies,” in Socioemotional Development in the Toddler Years: Transitions and Transformations, eds C. A. Brownell and C. B. Kopp (New York, NY: Guilford Press), 261–284.



 Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, 2nd Edn. Hillsdale, NJ: Erlbaum.


 Cohen, M., Ben-Zur, H., and Rosenfeld, M. J. (2008). Sense of coherence, coping strategies, and test anxiety as predictors of test performance among college students. Int. J. Stress Manage. 15, 289–303. doi: 10.1037/1072-5245.15.3.289


 Cole, P. M. (1997). The ETS Gender Study: How Females and Males Perform in Educational Settings. Princeton, NJ: Educational Testing Service.


 Cole, P. M., Martin, S. E., and Dennis, T. A. (2004). Emotion regulation as a scientific construct: methodological challenges and directions for child development research. Child Dev. 75, 317–333. doi: 10.1111/j.1467-8624.2004.00673.x

 Cross, C. P., Copping, L. T., and Campbell, A. (2011). Sex differences in impulsivity: a meta-analysis. Psychol. Bull. 137, 97–130. doi: 10.1037/a0021591

 Davis, T. L. (1995). Gender differences in masking negative emotions: ability or motivation? Dev. Psychol. 31, 660–667. doi: 10.1037/0012-1649.31.4.660

 Deary, I. J., Strand, S., Smith, P., and Fernandes, C. (2007). Intelligence and educational achievement. Intelligence 35, 13–21. doi: 10.1016/j.intell.2006.02.001

 Duckworth, A., and Seligman, M. (2005). Self-discipline outdoes IQ in predicting academic performance of adolescents. Psychol. Sci. 16, 939–944. doi: 10.1111/j.1467-9280.2005.01641.x

 Duckworth, A., and Seligman, M. (2006). Self-discipline gives girls the edge: gender in self-discipline, grades, and achievement test scores. J. Edu. Psychol. 98, 198–208. doi: 10.1037/0022-0663.98.1.198

 Duckworth, A. L., and Kern, M. L. (2011). A meta-analysis of the convergent validity of self-control measures. J. Res. Pers. 45, 259–268. doi: 10.1016/j.jrp.2011.02.004

 Eisenberg, N., and Spinrad, T. L. (2004). Emotion-related regulation: sharpening the definition. Child Dev. 75, 334–339. doi: 10.1111/j.1467-8624.2004.00674.x

 Else-Quest, N. M., Hyde, J. S., Goldsmith, H. H., and Van Hulle, C. A. (2006). Gender differences in temperament: a meta-analysis. Psychol. Bull. 132, 33–72. doi: 10.1037/0033-2909.132.1.33

 Eschenbeck, H., Kohlmann, C., and Lohaus, A. (2007). Gender differences in coping strategies in children and adolescents. J. Individ. Differ. 28, 18–26. doi: 10.1027/1614-0001.28.1.18

 Faul, F., Erdfelder, E., Lang, A.-G., and Buchner, A. (2007). G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav. Res. Meth. 39, 175–191. doi: 10.3758/BF03193146

 Galdi, S., Cadinu, M., and Tomasetto, C. (2013). The roots of stereotype threat: when automatic associations disrupt girls' math performance. Child Dev. Advance online publication. doi: 10.1111/cdev.12128


 Gross, J. J., and Thompson, R. A. (2007). “Emotion regulation: Conceptual foundations,” in Handbook of Emotion Regulation, ed J. J. Gross (New York, NY: Guilford Press), 3–24.


 Hannover, B., and Kessels, U. (2011). Sind Jungen die neuen Bildungsverlierer? Empirische Evidenz für Geschlechterdisparitäten zuungunsten von Jungen und Erklärungsansätze [Are boys left behind at school? Reviewing and explaining education-related gender disparities]. Z. Pädagog. Psychol. 25, 89–103. doi: 10.1024/1010-0652/a000039

 Hartley, B. L., and Sutton, R. M. (2013). A stereotype threat account of boys' academic underachievement. Child Dev. Advance online publication. doi: 10.1111/cdev.12079

 Heikamp, T., Trommsdorff, G., and Fäsche, A. (2013). Development of self-regulation in context,” in Acting Intentionally and Its Limits: Individuals, Groups, Institutions, eds G. Seebaß, M. Schmitz, and P. M. Gollwitzer (Berlin: De Gruyter), 193–222. doi: 10.1515/9783110284461.193

 Hyde, J. S. (1990). Meta-analysis and the psychology of gender differences. Signs J. Women Cult. Soc. 16, 55–73. doi: 10.1086/494645

 Karoly, P. (1993). Mechanisms of self-regulation: a systems view. Annu. Rev. Psychol. 44, 23–52. doi: 10.1146/annurev.ps.44.020193.000323

 Keller, J., and Dauenheimer, D. (2003). Stereotype threat in the classroom: dejection mediates the disrupting threat effect on women's math performance. Pers. Soc. Psychol. Bull. 29, 371–381. doi: 10.1177/0146167202250218

 Kuhl, P., and Hannover, B. (2012). Differenzielle Benotungen von Mädchen und Jungen: Der Einfluss der von der Lehrkraft eingeschätzten Kompetenz zum selbstgesteuerten Lernen [Different grading for girls versus boys? Examining the impact of students' ability for self-regulated learning as perceived by their teachers]. Z. Entwicklungspsychol. Pädagog. Psychol. 44, 153–162. doi: 10.1026/0049-8637/a000066


 Lazarus, R. S., and Folkman, S. (1984). Stress, Appraisal, and Coping. New York, NY: Springer.



 Lohaus, A., Eschenbeck, H., Kohlmann, C., and Klein-Heßling, J. (2006). Fragebogen zur Erhebung von Stress und Stressbewältigung im Kindes- und Jugendalter (SSKJ 3-8) [Questionnaire for the Measurement of Stress and Coping in Children and Adolescents (SSKJ 3-8)]. Göttingen: Hogrefe.


 Machin, S., and Pekkarinen, T. (2008). Global sex differences in test score variability. Science 322, 1331–1332. doi: 10.1126/science.1162573


 May, P. (2007). HSP 5–9: Hamburger Schreib-Probe [HSP 5–9: Hamburger Writing-Test]. Seelze: Verlag für pädagogische Medien.


 McClelland, M. M., Cameron, C. E., Connor, C. M., Farris, C. L., Jewkes, A. M., and Morrison, F. J. (2007). Links between behavioral regulation and preschoolers' literacy, vocabulary, and math skills. Dev. Psychol. 43, 947–959. doi: 10.1037/0012-1649.43.4.947

 McClelland, M. M., Ponitz, C. C., Messersmith, E. E., and Tominey, S. (2010). “Self-regulation: integration of cognition and emotion,” in The Handbook of Life-Span Development: Cognition, Biology, and Methods, Vol. 1, eds W. F. Overton and R. M. Lerner (Hoboken, NJ: Wiley), 509–553. doi: 10.1002/9780470880166.hlsd001015


 Mietzel, G., and Willenberg, H. (2000). HST 4/5: Hamburger Schulleistungstest für 4. und 5. Klassen [HST 4/5: Hamburger school achievement test for 4th and 5th graders]. Göttingen: Hogrefe.


 Ministerium für Kultus, Jugend und Sport Baden-Württemberg. (2004). Bildungsstandards für Deutsch: Gymnasium – Klassen 6, 8, 10, Kursstufe [Educational standards for German: Secondary school – grades 6, 8, 10, course level]. Retrieved from http://www.bildung-staerkt-menschen.de/service/downloads/Bildungsstandards/Gym/Gym_D_bs.pdf

 Mullola, S., Ravaja, N., Lipsanen, J., Hirstiö-Snellman, P., Alatupa, S., and Keltikangas-Järvinen, L. (2010). Teacher-perceived temperament and educational competence as predictors of school grades. Learn. Individ. Differ. 20, 209–214. doi: 10.1016/j.lindif.2010.01.008

 Pomerantz, E. M., Altermatt, E. R., and Saxon, J. L. (2002). Making the grade but feeling distressed: gender differences in academic performance and internal distress. J. Edu. Psychol. 94, 396–404. doi: 10.1037/0022-0663.94.2.396

 Preacher, K. J., and Hayes, A. F. (2008). Asymptotic and resampling strategies for assessing and comparing indirect effects in multiple mediator models. Behav. Res. Meth. 40, 879–891. doi: 10.3758/BRM.40.3.879

 Raffaelli, M., Crockett, L. J., and Shen, Y. (2005). Developmental stability and change in self-regulation from childhood to adolescence. J. Genet. Psychol. 166, 54–75. doi: 10.3200/GNTP.166.1.54-76

 Schrader, F., and Helmke, A. (2008). “Determinanten der Schulleistung [Determinants of school performance], ” in Lehrer-Schüler-Interaktion. Inhaltsfelder, Forschungsperspektiven und methodische Zugänge, 2nd Edn. ed M. K. W. Schweer (Wiesbaden: Verlag für Sozialwissenshaften), 285–302. doi: 10.1007/978-3-531-91104-5_11

 Schunk, D. H., and Zimmerman, B. J. (1997). Social origins of self-regulatory competence. Edu. Psychol. 32, 195–208. doi: 10.1207/s15326985ep3204_1

 Silverman, I. W. (2003). Gender differences in delay of gratification: a meta-analysis. Sex Roles 49, 451–463. doi: 10.1023/A:1025872421115

 Skinner, E. A., and Zimmer-Gembeck, M. J. (2007). The development of coping. Annu. Rev. Psychol. 58, 119–144. doi: 10.1146/annurev.psych.58.110405.085705


 Spiewak, M. (2010). Nichts wie raus! Jungen sind die Verlierer des Bildungssystems. Das echte Leben ist die bessere Schule für sie [Let's get out of here! Boys are the losers of the educational system. Real life is the better school for them]. DIE ZEIT, 27–29.


 Spinath, B., Freudenthaler, H. H., and Neubauer, A. C. (2010). Domain-specific school achievement in boys and girls as predicted by intelligence, personality and motivation. Pers. Individ. Differ. 48, 481–486. doi: 10.1016/j.paid.2009.11.028


 Stanat, P., and Kunter, M. (2003). “Kompetenzerwerb, Bildungsbeteiligung und Schullaufbahn von Mädchen und Jungen im Ländervergleich [Acquisition of competencies, participation in education and school career of girls and boys in comparison of German Federal States],” in PISA 2000: Ein differenzierter Blick auf die Länder der Bundesrepublik Deutschland, eds J. Baumert, C. Artelt, E. Klieme, M. Neubrand, M. Prenzel, U. Schiefele, et al. (Opladen: Leske + Budrich), 211–242.



 Stanat, P., Pant, H. A., Böhme, K., and Richter, D. (eds.). (2012). Kompetenzen von Schülerinnen und Schülern am Ende der vierten Jahrgangsstufe in den Fächern Deutsch und Mathematik: Ergebnisse des IQB-Ländervergleichs 2011 [Competencies of girls and boys at the end of 4th school grade in the subjects German and mathematics: Results of the IQB-comparison of German Federal States 2011]. Münster: Waxmann.


 Statistisches Bundesamt. (2011). Fachserie 11: Bildung und Kultur, Reihe 1: Allgemeinbildende Schulen [Technical series 11: Education and culture, Volume 1: General schools]. Wiesbaden, Germany: Statistisches Bundesamt. Retrieved from https://www.destatis.de/DE/Publikationen/Thematisch/BildungForschungKultur/Schulen/AllgemeinbildendeSchulen.html

 Suchodoletz, A. V., Trommsdorff, G., Heikamp, T., Wieber, F., and Gollwitzer, P. M. (2009). Transition to school: the role of kindergarten children's behavior regulation. Learn. Individ. Differ. 19, 561–566. doi: 10.1016/j.lindif.2009.07.006

 Tangney, J. P., Baumeister, R. F., and Boone, A. L. (2004). High self-control predicts good adjustment, less pathology, better grades, and interpersonal success. J. Pers. 72, 271–322. doi: 10.1111/j.0022-3506.2004.00263.x

 Tsukayama, E., Duckworth, A., and Kim, B. (2012). Resisting everything except temptation: evidence and an explanation for domain-specific impulsivity. Eur. J. Pers. 26, 318–334. doi: 10.1002/per.841

 Trommsdorff, G. (2009). Culture and development of self-regulation. Soc. Pers. Psychol. Compass 3, 687–701. doi: 10.1111/j.1751-9004.2009.00209.x


 Trommsdorff, G. (in press). “Socialization of self-regulation for achievement in cultural context: a developmental perspective on the Asian miracle,” in Asia's Educational Miracle: Psychological, Social, and Cultural Perspectives, eds U. Kim and Y.-S. Park (New York, NY: Springer).



 Weiß, R. H. (2006). CFT 20-R. Grundintelligenztest Skala 2 (CFT 20-R) [Basic Intelligence Scale 2 (CFT 20-R)]. Göttingen: Hogrefe.


 Zeidner, M. (1995). Coping with examination stress: Resources, strategies, outcomes. Anxiety Stress Coping Int. J. 8, 279–298. doi: 10.1080/10615809508249379

 Zimmerman, B. J. (1990). Self-regulated learning and academic achievement: an overview. Edu. Psychol. 25, 3–17. doi: 10.1207/s15326985ep2501_2


 Zimmerman, B. J., and Schunk, D. H. (2011). “Self-regulated learning and performance: an introduction and an overview,” in Handbook of Self-Regulation of Learning and Performance, eds B. J. Zimmerman and D. H. Schunk (New York, NY: Routledge), 1–12.


Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Received: 28 March 2013; Accepted: 26 June 2013; Published online: 17 July 2013.

Citation: Weis M, Heikamp T and Trommsdorff G (2013) Gender differences in school achievement: The role of self-regulation. Front. Psychol. 4:442. doi: 10.3389/fpsyg.2013.00442

This article was submitted to Frontiers in Educational Psychology, a specialty of Frontiers in Psychology.

Copyright © 2013 Weis, Heikamp and Trommsdorff. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in other forums, provided the original authors and source are credited and subject to any copyright notices concerning any third-party graphics etc.

OPS/images/fpsyg-04-00442-t002.jpg
1 2 3 4 5 6 7 8
1. Age - —a5t -2 -18 -03 00 -3t -2
2. Intelligence - ar 1 -0a —0a 29 aar
3. Education mother - 07 02 02 06 19
4. Behavior regulation - 05 -25* £ 357
5. Problem-oriented strategies - -36" 02 -.08
6. Emotion-oriented strategies - -36"" -08
7. German achievement - 53

8. Mathematics achievement

N = 53, N (Education mother

39:**p < .01; "p < .05:*p < .10.





OPS/images/fpsyg-04-00442-t003.jpg
Variable Boys Girls.

m sp m D
German achievement -032 083 018 087
Mathematics achievement 021 083  -012 086
Behavior regulation 303 086 364 079
Problemvoriented strategies. 368 088 360 085
Emotion-oriented strategies 202 065 200 085

N = 53; Gorman and mathermatics achievement are z standardized scores; scak
ing behavior requlation (SCS-K-DI: 5-point scale (1 = not at al to 5= very much);
scaling problem-oriented strategies and emotion-oriented strategies (SSKJ:
S-point scale (1






OPS/images/pg1-1.jpg





OPS/images/cover.jpg
oM
PSYCHOLOGY





OPS/images/fpsyg-04-00442-g001.gif





OPS/images/fpsyg-04-00442-t001.jpg
Measure Boys Girls

Min Max M sp Min Max m s
German grade 200 510 397 080 300 6.00 448 072
Mathematics grade 3.00 6.00 463 073 200 580 444 om
Reading (SLS 5-8) 7000 136.00 9879 1939 70,00 139.00 10585 15.19
Wiiting (HSP 5-9) 0.00 69.00 4737 16.58 2300 70.00 5300 975
Mathematics (HST 4/5) 15.00 99.00 66.21 23.68 800 96.00 56.65 2529
Behavior regulation (SCS-K-D) 138 4.38 086 123 4.92 079
—
Problem-oriented strategies 200 500 368 088 133 500 360 085
Emotion-oriented strategies 1.00 350 202 065 100 417 2.00 0.5
COVARIATES
Inteligence (CFT 20-R) 86.00 139.00 110.00 1281 8100 139.00 107.94 14.80
Education mother 200 400 380 063 100 4.00 300 107

N = 53, N (boys) = 19, N (girs) = 34, N (Education mother) = 39; German and mathematics grades were recoded: 1 = not suffcient/fail to 6 = very good. SLS 5-8.=
Salzburger Reading-Screening for 6th to 8th graders; reading quotient score with M = 100, SD = 15. HSP 6-9.= Hamburger Witing-Test; T-values standardized for
5th graders. HST 4/5 = mathematics subtests of the Hamburger school achievement test for 4th and 5th graders; percentie ranks. SCS-K-D = German adaptation
of the short version of the Seff-Control Scale. SSK. = Questionnaire for the measurement of stress and coping in children and adolescents. Inteligence = nonverbel
intelligence: CFT 20-R = Basic Intelligence Scale; age-standardized IQ scores. Education mother = mother’s level of education.










