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Editorial on the Research Topic
 Gender differences and disparities in socialization contexts: How do they matter for healthy relationships, wellbeing, and achievement-related outcomes?




Gender differences and disparities in youth's development, education, and socialization are part of long-standing scientific, political, and public debates. According to the European Institute for Gender Equality (https://eige.europa.eu/), gender disparities refer to differences in women's and men's access to resources, status, and wellbeing, which usually favor men and not rarely are institutionalized through law, justice, and social norms. Despite remarkable advances in furthering the status of women, gender disparities still remain a worldwide challenge, as no country has achieved full gender parity yet (World Economic Forum, 2022). At the current rate of progress, it will take 132 years to close the global gender gap. Gender disparities largely persist in several life domains such as school (e.g., in academic pathway and achievement), work (e.g., career development and wages), and family (e.g., household division and parental expectations of children), and can result in context- and gender-specific problems and maladjustment. It is thus essential to better understand the psychosocial mechanisms underlying gender differences in socialization contexts in order to reduce the risk of harmful disparities and strengthen the factors fostering equitable development opportunities for girls and boys.

With a multiperspective approach, the current Research Topic (RT) aims to contribute to the international debate by offering scientific data and educational and social suggestions for building a social context supporting optimal development of youth, regardless of their gender. The following sections describe the RT's contributions in two sub-themes.


Gender disparities: From school to university

Most current RT papers allow us to observe how the gender gap in the school context persists in many countries (Austria, Australia, Colombia, Denmark, Germany, Italy, Japan, Quebec, Nigeria, Switzerland, and United States) and at different school-ages. Together these studies highlight the need for extra attention to gender differences in the school context by education staff and policymakers.

A large body of literature is devoted to girls' and boys' attitudes and performance in science, technology, engineering, and mathematics (STEM). In line with Eccles and Wigfield's (2020) situated expectancy-value theory, many sociocultural, contextual, biological, behavioral, and psychological variables may contribute to the widespread under-representation of girls and women in the scientific field and a lower academic self-concept than boys. In this regard, Valls's research has confirmed gender differences in academic self-concept with girls feeling more confident in language learning and boys feeling more confident in mathematics. Furthermore, Valls's research demonstrated that negative social comparison processes could best explain these gender differences, which, in turn, may negatively impact boys' and girls' motivation toward certain academic challenges. Similarly, Andersen and Smith found that the social contexts in schools (i.e., teacher gender stereotypes, comparisons with math achievement of female peers) generates gender differences in young people's self-concept and achievements in math and language. In Hübner et al.'s study clear disparities favoring boys were found for upper secondary school achievements in math and physics and to a lesser extent in biology. These disparities did not increase (nor decrease) after a recent school time reform in Germany that reduced overall school time, which was compensated by increased average instructional time per week. Although, girls' level of stress and wellbeing was negatively affected by this instructional time reform to a greater extent than for boys, which may on a longer term exacerbate existing gender disparities in the school context.

Interestingly, as Froehlich et al. outlined, although there are no gender differences in math ability in young STEM students, expected backlash (i.e., less positive reactions to university major) affected female STEM students' emotions and STEM motivation to a larger extent than male STEM students. Despite the relatively higher level of female students' mathematics achievement than boys, they maintain a weaker math self-concept, negatively affecting the cognitive resources necessary to perform STEM tasks better (Bertrams et al.).

Similarly, Musso et al. focused on STEM-gender stereotypes and assumed that gender disparities become more complex and pronounced when socioeconomic status (SES) is considered. The authors shed light on the unneglectable consideration that higher SES is associated with lower STEM-gender stereotypes. With a different approach to SES, Kuzyk et al. confirmed the interrelationships between SES, nationality, and gender, which may interactively impact students' cognitive performance and self-perceptions of this performance. Additionally, despite evidence that IQ levels are equally distributed between genders, there is a significant gender gap in self-estimated intelligence, with males providing systematically higher estimates than females (Reilly et al.).

How gender-stereotypes and disparities threaten adolescents' mental health and wellbeing is a second Research Topic concerning gender disparities at school. According to Rubach et al., it is not a surprise that male and female students report distinct stressors and mental health troubles contextually observed during the COVID-19 pandemic. Nevertheless, teachers' instructional quality may reduce mental health menaces and enhance students' academic satisfaction. Similarly, Korlat et al. focused on gender role self-concept (i.e., masculine, feminine, androgynous, and undifferentiated) in relation to school-related wellbeing. Their findings showed that an androgynous self-concept might be optimal for academic wellbeing. Furthermore, their study opens urgent reflections on how school staff might approach gender-typed attributes in students.

With a different perspective on the educational setting, the third theme of the RT focuses on the relationships between teachers' gender and their mental health. Kreuzfeld and Seibt shed an interesting light on how male and female teachers differ in terms of working conditions and coping with high work demands, as well as individual factors that promote early retirement. By collecting several types of data from a gender-balanced group of teachers, the authors found that female teachers have a greater tendency to overcommit themselves and have a worse capacity to recover from troubles than male teachers. A second study by Dersch et al. addressed educators' stereotypes regarding STEM and outlined that teachers' misconceptions may impact their students' self-concepts. Preservice teachers' training should thus promote their awareness of gender misconceptions.

The focus on teacher-student relationships was also analyzed in the research by Beißert et al. concerning teachers' reactions to social exclusion among students by considering their gender. Interestingly, teachers were less likely to intervene if a boy was excluded than if a girl was excluded. This study drew attention to male-specific school disparities by showing that also boys can be at risk of being encapsulated in their gender role, which, in turn, may negatively affect their school-adjustment.

Finally, Bluteau et al. analyzed the relationship between students' seating in the classroom and their school-related wellbeing. Flexible classroom seating positively affects girls' wellbeing, while male students take advantage of fixed classroom seating. Thus, seating arrangements, and individual differences in the need for personal space, could contribute the gender gap in wellbeing at school.

An important future direction for research on gender disparities in the school context is to not primarily focus on gender in STEM, but also examine processes related to the underrepresentation of boys and men in HEED (health care, elementary education, domestic sphere; Croft et al., 2015) as well as gender differences in the performance on other school subjects (e.g., language, arts).



Reducing gender disparities: Start early, at home

For the greater part of childhood and early adolescence, the family is another primary context in which children and youths are socialized about gender and gender roles (e.g., Lawson et al., 2015). Parents engage in numerous cultural socialization processes and practices, which expose children to information that helps them to learn about their history, heritage (values, religion, traditions, customs, etc.), and social norms (e.g., what is socially expected from a girl or a boy). One such cultural process among families is parent–child transmission of norms, beliefs, and values which many scholars consider the hallmark of successful intergenerational socialization (Knafo-Noam et al., 2020). Parents widely use perceived social norms and stereotypical beliefs as a reference when socializing children (Tam et al., 2012). This clearly emerged from Barni et al.'s study, which showed a significant relationship between parents' hostile and benevolent sexism and their socialization values (i.e., the values parents want to transmit to their children). The more parents, especially fathers, hold sexist beliefs against women, the more they would like their young adult children to be conservative.

Parents' beliefs translate into daily practices and influence children's development of competencies and motivations. In this regard, Mues et al., involving preschool children, showed that parents' mathematical gender stereotypes (in favor of boys), self-efficacy, and their beliefs on the importance of mathematical activities at home are related to parents' numeracy activities and children's numeracy competencies. The findings supported the assumption of a direct association between children's numeracy competencies and parents' numeracy-related activities for fathers only, but not for mothers. In general, parents' gender-differentiated encouragement of science or language predicts children's later motivations (Shirefley and Leaper) and even career decisions (Endendijk and Portengen). Everhart Chaffee and Plante's results suggested that parents' ability stereotypes about language support girls' motivation for language arts; on the other hand, stereotypes that language arts are not for boys push them toward science. Boys are less interested in female-dominated fields, also regarding occupation, particularly when they feel pressure to conform to gender norms and hold stereotypical beliefs about these occupations (Masters and Barth). Endendijk and Portengen showed that parents' gender-typical career and family involvement (i.e., work hours and task division in the home) influence their children's vision of their future work and family roles. Children play an active role in developing this vision for the future through their gender identity, precisely by how similar they feel to individuals of the same gender.

Parental influence is so pervasive in children's acquisition of gender roles, knowledge, and understanding that perceived parenting styles are even related to young adults later intimate relationships outside the family. Paleari et al., in their study on cyber dating abuse, pointed out that the more young adults report that their mothers' parenting style was authoritarian or permissive during their childhood, the more likely they are to be involved in a cyber-abusive dating relationship. They have also found that mothers' parenting styles interact with fathers' styles in relating to their daughters' cyber control and aggression.

The studies included in this RT support the specific and interrelated role of fathers and mothers in children's gender socialization, substantially in the direction of conforming to gender stereotypes. In all these processes, children's sex and gender identity (Endendijk and Portegen) come into play by influencing parents' styles and practices and moderating their impact. Most gender disparities are harmful to girls at a young age, but some involve boys (see Everhart Chaffee and Plante), and they have long-term effects on academic paths, careers, and intimate relationships. It is nevertheless worthwhile noting that, under some individual and/or contextual conditions, the family can actively counteract cultural stereotypes about gender. For example, Shirefley and Leaper reported that highly educated parents—living near scientific/technology industries where women are employed—tend to use a higher proportion of science talk with daughters compared to sons.

These findings highlight that the psychosocial and educational programs to reduce the gender gap should start early at home by involving both parents. They could help parents to become more aware of their own gender-based biases and gender socialization practices, especially when these negatively impact children's health, by generating disparities (in terms of effective and symbolic opportunities), compromising children's (eudaimonic) wellbeing, and feeding feelings of unfairness across generations.



Conclusion

Bringing together the above contributions, a multisystemic view of gender issues arises where different microsystems (mainly school and family) and sometime mesosystems (i.e., interactions across the microsystems) and macrosystems (i.e., cultures) are considered. This view can help in expanding focus to tap into a more comprehensive picture of gender differences and disparities and their consequences on youth's wellbeing in multiple daily life contexts so to inform social policies, provide intervention targets, and create a new community awareness of the roots of gender inequalities in current society.

Almost all the studies included in this RT provide a binary classification for gender. It would be worthwhile that future contributions on gender disparities in school and family contexts move beyond the binary toward a more multidimensional view of gender.



Author contributions

CF and DB wrote the draft of this editorial. JE and JR contributed to revise it. All authors have read and approved the final manuscript.



Conflict of interest

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.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Croft, A., Schmader, T., and Block, K. (2015). An underexamined inequality: cultural and psychological barriers to men's engagement with communal roles. Personal. Social Psychol. Rev. 19, 343–370. doi: 10.1177/1088868314564789

 Eccles, J. S., and Wigfield, A. (2020). From expectancy-value theory to situated expectancy-value theory: a developmental, social cognitive, and sociocultural perspective on motivation. Contemp. Educ. Psychol. 61, 101859. doi: 10.1016/j.cedpsych.2020.101859


 Knafo-Noam, A., Barni, D., and Schwartz, S. (2020). “Parent-child value similarity: broadening from intergenerational transmission to reciprocal influences, genetics, and environmental antecedents,” in The Oxford Handbook of Moral Development: An Interdisciplinary Perspective, ed. L. Arnett Jensen, 164–185. Oxford: Academic.


 Lawson, K. M., Crouter, A. C., and McHale, S. M. (2015). Links between family gender socialization experiences in childhood and gendered occupational attainment in young adulthood. J. Voc. Behav. 90, 26–35. doi: 10.1016/j.jvb.2015.07.003

 Tam, K.-P., Lee, S.-L., Kim, Y.-H., Li, Y., and Chao, M. M. (2012). Intersubjective model of value transmission: parents using perceived norms as reference when socializing children. Personal. Social Psychol. Bull. 38, 1041–1052. doi: 10.1177/0146167212443896

 World Economic Forum (2022). The Global Gender Gap Report 2022. Geneva: The World Economic Forum Publishing. Available online at: http://reports.weforum.org/globalgender-gap-report-2022 (accessed November 10, 2022).





		BRIEF RESEARCH REPORT
published: 11 January 2022
doi: 10.3389/feduc.2021.815619


[image: image2]
Gender Differences in Social Comparison Processes and Self-Concept Among Students
Marjorie Valls*
UER Développement de l’enfant à l’adulte, Haute Ecole Pédagogique Vaud, Lausanne, Switzerland
Edited by:
Caterina Fiorilli, Libera Università Maria SS. Assunta University, Italy
Reviewed by:
Giacomo Angelini, Libera Università Maria SS. Assunta University, Italy
Sonia Mangialavori, University of Milan, Italy
* Correspondence: Marjorie Valls, marjorie.valls@hepl.ch
Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Education
Received: 15 November 2021
Accepted: 21 December 2021
Published: 11 January 2022
Citation: Valls M (2022) Gender Differences in Social Comparison Processes and Self-Concept Among Students. Front. Educ. 6:815619. doi: 10.3389/feduc.2021.815619

Forced social comparison (i.e., comparing oneself to another “predefined” student) has often been studied in school settings. However, to our knowledge, studies that explore its association with academic self-concept have rarely distinguished between subjects involved (e.g., mathematics or language learning). Moreover, some processes taking place during forced social comparison are thought to have a negative impact on academic self-concept. Thus, the aims of this study were to explore: 1) the associations between self-concepts (i.e., Language learning, Mathematics and Social), attitudes towards school and social comparison processes in school settings; and 2) the influence of social comparison processes on components of academic self-concept across gender. A sample of 238 elementary school students (Mage = 10.12, SD = 1.25; 52% boys) completed a questionnaire assessing self-concepts and attitudes towards school, as well as a questionnaire measuring four social comparison processes. Results indicated that girls used negative processes (i.e., upward contrast and downward identification) more than boys. In addition, boys reported better self-concept in mathematics while girls reported better self-concept in language learning (small effect). Results of stepwise multiple linear regression analyses showed that upward contrast best explained gender differences, with a stronger effect for girls. Attitudes towards school only explained gender differences in language learning self-concept. Furthermore, positive processes (i.e., upward identification and downward contrast) have no effect on either component of academic self-concept. Results of this study demonstrate the need to examine the evolution of social comparison processes over time, considering their impact on students’ academic/social well-being and achievement from a gender perspective.
Keywords: forced social comparison, upward comparisons, downward comparisons, academic self-concept, gender, school settings
INTRODUCTION
Social comparison theory has been applied to many clinical problems, such as body image, depression and burnout (Dijkstra et al., 2010). Social comparison includes all processes aimed at comparing one’s own personal characteristics with those of others (Buunk and Gibbons, 2000). Dijkstra et al. (2010, p. 196) have identified processes involved when individuals compare themselves to others. According to them, individuals will choose various comparison targets. It refers to the direction of comparison: either a comparison with people judged as having similar abilities to their own (i.e., lateral comparisons), or a comparison with people having superior abilities (i.e., upward comparisons) or inferior abilities (i.e., downward comparisons). Moreover, individuals would compare themselves in a movement of identification/contrast with respect to the chosen target. It refers to the framing of comparison: they can either identify with the comparison target by focusing on their similarities, or contrast themselves from the comparison target by focusing on their differences. Thus, four social comparison processes have been highlighted: upward identification, downward contrast, upward contrast and downward identification (Smith, 2000; Buunk et al., 2005). These four processes will be the point of reference for this article because they have already been studied in elementary school students (Boissicat et al., 2012; Bouffard et al., 2014). According to the meta-analysis by Gerber et al. (2018), contrast would be the dominant response as identification would require a special priming. Although the tendency would be to evaluate oneself positively, these authors believe that individuals “look upward to confirm their closeness to the ‘better ones,’ which often leads, alas, to self-deflation” (p. 194).
Specifically in school settings, social comparison can be defined as a student taking one or more classmates as comparison target in order to conduct an assessment of his/her own competence (Bouffard et al., 2014). Therefore, it would impact students’ self-concept, especially academic self-concept. Internal/External frame of reference model (I/E model; Marsh, 1986) assumes the influence of social comparison on academic self-concept (Wolff et al., 2018). The internal frame of reference involves an internal comparison called “dimensional comparison” (e.g., student comparing his/her competence between two different subjects) while the external frame of reference involves an external comparison called “social comparison” (Ertl et al., 2017; Wolff et al., 2018). Wolff et al. (2018) indicate that if the student compares his/her academic performance to that of his/her peers and believes that he/she is better than them, this social comparison should lead to a better academic self-concept. Although the I/E model suggests that social and dimensional comparisons are jointly involved during the development of self-concept in school settings (Wolff et al., 2018), only the external frame of reference will be considered in this study. Indeed, the comparisons students make within their classrooms provide an external frame of reference for self-assessment and performance attribution (Ertl et al., 2017; see also; Rost et al., 2005) and appear to be most important when students form their academic self-concept (Wolff et al., 2018).
Boissicat et al. (2020) point out that when a student compares himself/herself to a classmate, this individual comparison may be unconscious (i.e., not being fully aware that he/she is comparing oneself), deliberate or forced. These authors define deliberate comparison as being fully chosen by students, by voluntarily selecting a comparison target within the classroom. It is assessed through nomination. Forced comparison, on the other hand, occurs when students are asked to compare themselves to another “predefined” student. In this particular case, students would appear to favor upward identification and downward contrast, both of which are non-threatening processes to the self (Bouffard et al., 2014). However, social comparison in school settings has often been defined as a type of vicarious experience, where observing a peer of the same level succeeding or failing in a task would provide information leading students to believe that they are likely to do the same (e.g., Boissicat et al., 2020). Nevertheless, according to Dijkstra et al. (2008) “although the concepts of modeling and social comparison overlap, they differ significantly” (p. 841). They state that the purpose of modeling is observation and imitation teaching (e.g., a procedure) that would ensure student success and thus positively influence academic self-concept. Conversely, social comparison occurs when students choose a target (i.e., another student) with whom to compare his/her competence or performance. Thus, “upward comparisons negatively affect students’ academic self-concept” (Dijkstra et al., 2008, p. 841).
Positive effects of upward identification have been suggested in studies evaluating forced social comparison processes. Indeed, the preferred process for elementary school students appears to be upward identification followed by downward contrast similarly across gender, which are positively associated with perceived academic competence (Boissicat et al., 2012; Bouffard et al., 2014). Bouffard et al. (2014) indicate that this preference may be related to a more pronounced search for positive emotions that these two processes are presumed to generate. Nevertheless, Boissicat et al. (2012) found that upward identification would have a low contribution to academic self-concept, while downward identification would have the largest negative contribution despite its low use by students. These deleterious effects would be found even after controlling for academic performance. These authors conclude that links between self-concept and social comparison in school settings would not only depend on the direction of the comparison, but also on the framing. In addition, Dumas and Huguet (2011) point out that upward identification would be more implemented during deliberate comparisons, especially from the age of 10, with an effect of enhancing perceived competence. They also indicate that if the student is confronted with a failure, he/she will tend to take as comparison target a student with competence judged inferior to his/her own. Dumas and Huguet (2011) conclude that during forced comparisons (notably imposed by selective educational systems), positive effects of upward identification would not be sufficient to counteract the effects of upward contrast that generate a decline in academic self-concept.
Unfortunately, to our knowledge, studies that consider associations between academic self-concept and forced social comparison make little or no distinction between the subjects concerned. Moreover, depending on the age groups observed, results relating to gender differences seem to differ. For example, Pulford et al. (2018) showed that female university students were more likely to use upward comparisons, while male students were more likely to use downward comparisons. In addition, downward comparisons would not be related to academic confidence. Studies among elementary school students generally show that girls use downward identification and upward contrast more than boys (Boissicat et al., 2012; Bouffard et al., 2014). However, these two studies do not explore the relative contribution of these four social comparison processes to academic self-concept across subjects and gender. Thus, the present study has a twofold purpose. First, it aims at exploring gender differences in academic self-concept in two important subjects during elementary grades (i.e., language learning and mathematics), social self-concept, attitudes towards school, and four social comparison processes previously identified. Second, it aims at exploring the influence of social comparison processes on academic self-concept in each subject area and by gender, taking into account effects of social self-concept and attitudes towards school. In particular, given the above-mentioned elements and age of the students involved in this study, we expect that girls will report implementing negative processes more frequently, which will have a negative impact on their academic self-concept. Furthermore, since the presumed positive effects of upward identification would not be sufficient in forced social comparison contexts (Dumas and Huguet, 2011), we expect that this process would not emerge as a significant predictor of academic self-concept.
MATERIALS AND METHODS
Research Design and Study Procedure
Data were collected from elementary school students (five to height graders) in a French-speaking canton of Switzerland during the 2017 to 2020 school years. In Switzerland, grades five to height correspond to the fifth to eighth years of compulsory schooling. The Cantonal Commission on Ethics in Human Research (CER-VD)1 provides authorizations for clinical trials and human research projects that fall within the application field of the Human Research Act (HRA)2. However, the HRA does not apply to research conducted on health-related data that has been collected anonymously or anonymized. The Cantonal data protection acts3 concern personal and identifiable data: henceforth data is anonymized, it is no longer covered by the Act. This research was conducted in accordance with the Code of Research Ethics for the Universities of Teacher Education (CDHEP)4 and the International Ethical Guidelines for Health-related Research Involving Humans5. In particular, the duty to inform was respected. Parents were informed by letters of the general objectives of the study, and could decline their child’s participation in the data collection. The letters also contained the identity of the supervisor and the institution for which he or she worked, as well as a contact address. Students were also given the option to decline to participate in the study, as their participation was voluntary. Under these conditions, no refusals were recorded (i.e., return rate of 100%) and the anonymity of the participants was preserved.
Data were collected in the classroom by Bachelor students who administrated the questionnaires anonymously. Each item was read a first time to ensure understanding by students, and completing the questionnaires took between 15 and 30 min.
Participants and Study Procedure
The sample consisted of 238 students (age range: 8–13 years), including 114 girls (48% of the total sample; Mage = 10.18, SD = 1.31) and 124 boys (Mage = 10.07, SD = 1.19). Of the total sample, 21.80% were fifth graders (21.90% girls; 21.80% boys), 23.90% were sixth graders (21.90% girls; 25.80% boys), 29.40% were seventh graders (29.80% girls; 29.00% boys) and 24.80% were eighth graders (26.30% girls; 23.40% boys).
Measures
Social Comparison Processes in School Context
Social comparison processes were assessed using the French version of the Questionnaire of the comparison of academic self (Questionnaire de la Comparaison de Soi Scolaire; QCSS) developed by Bouffard et al. (2014). The QCSS is a self-report questionnaire designed to assess four social comparison processes (i.e., upward contrast, α = 0.73; upward identification, α = 0.60; downward identification, α = 0.78; downward contrast, α = 0.77). Each process is composed of 3 items scored on a 4-point Likert scale (1 = “Not at all like me” to 4 = “Totally like me”; scores per dimension range from 3 to 12). A higher score on one dimension indicates higher frequency of use of a forced social comparison process. Confirmatory Factor Analysis (CFA) results show a good fit to the data (χ2/df = 1.74; CFI = 0.96; RMSEA = 0.06; SRMR = 0.05). With regard to structural invariance, traditional Chi2 difference test approach was performed, indicating the QCSS’s factorial invariance across gender (Δχ2 = 11.97, Δdf = 8, p = 0.152).
Self-Concepts and Attitudes Towards School
An adapted French version of the CoSoi (Valls and Bonvin, 2021) was used to measure self-concepts and attitudes towards school. Due to the age of the students involved in this study, the pictures were adapted with only one statement per item. This self-report questionnaire is composed of 13 items divided into four subscales: self-concept in language learning (SC-L; 3 items, α = 0.64) and in mathematics (SC-M; 3 items, α = 0.77), social self-concept (SC-Social; 3 items, α = 0.75) and Attitudes towards school (Attitudes; 3 items, α = 0.85). Academic self-concept corresponds to the student’s evaluation of his/her general academic competence (i.e., in the two subjects mentioned). Social self-concept corresponds to the student’s evaluation of his/her social relationships within the classroom, while attitudes towards school correspond to the student’s evaluation of his/her emotional well-being at school. Each item was scored on a 4-point Likert scale with six reverse scored items (1 = “Not at all like me” to 4 = “Totally like me”; scores per subscale range from 3 to 9) and higher scores indicate higher self-concept (i.e., language learning, mathematics or social) and positive attitudes towards school. CFA results showed a good fit to the data (χ2/df = 1.99; CFI = 0.95; RMSEA = 0.07; SRMR = 0.06) with factorial invariance across gender (Δχ2 = 4.99, Δdf = 8, p = 0.758).
Items of the two questionnaires were presented alternately (i.e., one item from the CoSoi, then one item from the QCSS and so on), making the overall questionnaire contained 25 items. This was done to prevent students from trying to be consistent in their responses. Respondents were asked to indicate how similar they thought they were to the student described in each statement. The general instruction stated that there were no right or wrong answers.
Statistical Analysis
In order to explore gender differences, Student’s t-test was conducted using Cohen’s d to assess effect sizes (Cohen, 1988). A stepwise linear regression analysis was carried out in order to determine the predictors of each dimension of academic self-concept. Model 1 of PROCESS (Hayes, 2013) was used to test the moderating effect of gender in the relationship between significant predictors and each dimension of academic self-concept. Then, stepwise multiple linear regression analyses were performed separately for girls and boys to assess the influence of SC-Social, Attitudes, and four social comparison processes on each dimension of academic self-concept (i.e., SC-L and SC-M). Variance Inflation Factor (VIF) values were examined, with a VIF value equal to or greater than 10.00 indicating a multicollinearity problem (Chatterjee et al., 2000). The VIF values were all less than 2.00 in all models tested.
RESULTS
Table 1 shows the means and standard deviations of study’s variables for boys and girls. At the descriptive level, we can see that the preferred social comparison processes differ somewhat by gender. Although they both report first using upward identification, girls report using upward and downward contrast equally, whereas boys report using more downward contrast and then upward contrast. The process least reported by both girls and boys is downward identification. Results of t-test (Table 1) indicate that girls have better SC-L and more positive attitudes towards school, while boys have better SC-M (with small to moderate effect sizes). In addition, girls report using upward contrast and downward identification significantly more frequently than boys (with small effect sizes).
TABLE 1 | Means (M), standard deviations (SD) and t-test results for gender differences.
[image: Table 1]A first step was to explore correlations according to gender, which are reported in Table 2. It appeared that the strength of the associations between social comparison processes and dimensions of academic self-concept did not vary notably by gender. The only differences found were in the relationship between Attitudes and SC-L (the correlation being significant for girls but not for boys) and between SC-S and SC-M (the correlation being significant for boys but not for girls). Results of the first stepwise multiple linear regression analysis showed that upward contrast (β = −0.25, p < 0.001, sr2 = −0.21), gender (β = 0.21, p < 0.001, sr2 = 0.21) and downward identification (β = −0.18, p < 0.001, sr2 = −0.16) emerged as significant predictors of SC-L (F(3,234) = 13.43, p < 0.001, R2 = 0.15). However, the interaction effects of upward contrast and gender as well as downward identification and gender were not significant (p = 0.950 and p = 0.139, respectively). A second analysis was performed to predict SC-M (F(3,234) = 14.46, p < 0.001, R2 = 0.16), and results showed that Attitudes (β = 0.28, p < 0.001, sr2 = 0.27), downward identification (β = −0.21, p < 0.0501, sr2 = −0.21) and gender (β = −0.20, p < 0.01, sr2 = −0.19) were significant predictors. Results also showed that interaction effect of Attitudes and gender was not significant (p = 0.292), nor was the interaction effect of downward identification and gender (p = 0.460).
TABLE 2 | Correlations between the variables of interest for girls (below the diagonal) and boys (above the diagonal).
[image: Table 2]Results of stepwise multiple linear regression analyses are presented in Tables 3, 4. As show in Table 3, only downward identification (sr2 = −0.21) was a significant and negative predictor for boys regarding the prediction of SC-L, indicating that the more they would tend to use this process the lower their SC-L would be. For girls, beyond the positive contribution of Attitudes (sr2 = 0.19), a negative effect of upward contrast (sr2 = −0.27) on SC-L is found. Concerning the prediction of SC-M (see Table 4), a negative effect of upward contrast (sr2 = −0.20) is found beyond the positive contribution of Attitudes (sr2 = 0.29) for girls, while for boys only Attitudes are a significant predictor (sr2 = 0.25).
TABLE 3 | Hierarchical multiple linear regression analyses predicting self-concept in language learning (SC-L) across gender.
[image: Table 3]TABLE 4 | Hierarchical multiple linear regression analyses predicting self-concept in mathematics (SC-M) across gender.
[image: Table 4]DISCUSSION
This study had two main purposes: 1) to explore gender differences in self-concept (academic subject-specific and non-academic), attitudes towards school and social comparison processes; and 2) to explore the relative contribution of social comparison processes to academic subject-specific self-concepts by gender, beyond the influence of social self-concept and attitudes towards school. Our results confirmed our hypotheses that girls in our sample engaged in more negative social comparison processes than boys (i.e., upward contrast and downward identification) and that upward identification was not a significant predictor of academic self-concept (for any of the observed subjects).
Regarding gender comparisons, results on academic self-concept are not surprising given that several studies have shown higher levels of mathematics self-concept among boys while girls reported higher levels of language learning self-concept (e.g., Bouffard et al., 2006; Marsh, 1989). Some studies, conducted with culturally similar samples to the present study, had nevertheless found that the social comparison processes preferentially used by students were upward identification and downward contrast (Boissicat et al., 2012; Bouffard et al., 2014). However, our results indicate that while we do find these preferences for boys, girls use upward and downward contrast equally after upward identification. As for downward identification, it is the least used process, regardless of gender.
Results of stepwise multiple linear regression analyses show that upward contrast best explains gender differences, with a stronger effect for girls. Attitudes towards school only explain gender differences in language learning self-concept. Furthermore, positive processes (i.e., upward identification and downward contrast) have no effect on either component of academic self-concept. Yet, Boissicat et al. (2012) reported a stronger negative influence of downward identification while upward identification had a positive but small contribution. These differences in results can be explained on the one hand by the fact that we conducted separate analyses by gender. Furthermore, it is clear that upward contrast (i.e., contrast with another student judged as having superior abilities) has a deleterious effect on self-concept in mathematics and language learning for girls, while it is only marginally significant for boys in language learning (p = 0.08). Thus, as suggested by Dumas and Huguet (2011), it would appear that the supposed positive effects of upward identification are insufficient to counteract the negative effects of upward contrast especially for girls and regardless of the subject concerned. The non-significant moderating effects of gender indicate that the effects of social comparison processes on subject-specific self-concepts do not vary substantially between girls and boys, as suggested by the correlations according to gender. The gender differences found in the social comparison processes could be explained by other moderating variables not taken into account in this study, such as “social comparison orientation” (SCO; Gibbons and Buunk 1999), which has not yet been studied in elementary school students (Dijkstra et al., 2008). SCO refers to “the extent to which and the frequency with which people compare themselves with others” (Dijkstra et al., 2010, p. 196). It turns out that individuals with a high SCO would seek out more social comparison and that these processes would also affect them more negatively (Buunk and Gibbons, 2006). Thus, it is possible that girls may be more sensitive to SCO. Furthermore, Bouffard et al. (2014) report moderate correlations (i.e., about 0.40) between negative social comparison processes (i.e., upward contrast and downward identification) and school anxiety but unfortunately, they did not compare levels of such anxiety according to gender. We can nevertheless suppose that girls may have higher levels of SCO than boys, with negative social comparison processes having a greater impact on them and a greater risk of experiencing school anxiety in relation to the subject influenced by gender stereotypes (e.g., mathematics). Moreover, for girls, although upward contrast contributes to explain most of the variance in mathematics self-concept, downward identification is marginally significant (p = 0.06) while neither is significant for boys.
Limitations of the Study
However, the major limitation of our study is the induction of forced social comparison. Indeed, the latter can only be hypothetical and can therefore differ greatly from the voluntary and deliberate comparison carried out within the classroom, that is in which students can choose a real classmate with whom they compare themselves (Boissicat et al., 2020). In addition, forced social comparison may lead students to compare themselves on a dimension that is of little or no relevance to them, with the results producing effects not comparable to those obtained with deliberate social comparisons in subjects perceived as relevant by students (Dijkstra et al., 2008). Nevertheless, both types of social comparison (i.e., forced and deliberate) are important to consider because they can coexist in the classroom context. Generally, during forced comparisons, upward contrast effects are predominant, but upward identification effects may be added during deliberate comparisons for adaptive purposes (Dumas and Huguet, 2011). In particular, a qualitative study of 246 students between the ages of 10 and 11 found that forced comparisons were less common in the classroom setting, with students reporting that they were more likely to compare themselves if they could choose a friend to do so with (Webb-Williams, 2021). Moreover, forced comparison would only take place if they are struggling. Thus, when they deliberately compare themselves, students would choose targets of the same sex with a tendency to compare upward (Dumas and Huguet, 2011; Boissicat et al., 2020). The effects of upward social comparison are therefore complex in nature, and also depend on the type of comparison (forced vs. deliberate). According to Dumas and Huguet (2011), when students actively seek it out, its influence would be beneficial for academic self-concept and academic achievement. Moreover, not having considered students’ academic achievement and grade-point average of classrooms is another limitation. For example, Webb-Williams (2021) found that students in low-ability group were more vulnerable to the negative effects of social comparison on self-evaluation and performance evaluation, and avoided upward comparisons. Knowing that the effect of social comparison on academic self-concept may be due to the Big-Fish-Little-Pond Effect (BFLPE; Marsh and Parker 1984), it is possible that high-achieving students may self-assess their competence as average or inferior if they are in a high-achieving class or school (and inversely). Yet, Huguet et al. (2009) showed that BFLPE was rooted in the disadvantageous way students compared themselves to most of their classmates (i.e., forced under the pressure of the environment), but that beyond these comparisons students made comparison choices (i.e., deliberate and for adaptive purposes) that sometimes had a beneficial effect on their academic self-concept. Returning to the previously mentioned findings of Webb-Williams (2021), grouping students by ability levels would imply a forced comparison with students of the same levels, restricting the potential positive effect of deliberate comparison. All of these elements may thus explain why the positive effects of social comparison processes did not emerge in the results of the present study. A final limitation is the cross-sectional design of the study. Although Wolff et al. (2018) showed that social comparison had a stronger effect on academic self-concept than dimensional or temporal comparison, it seems important to conduct longitudinal studies that include multiple measurement times over a school year and within the same classroom to observe variations in social comparison processes and SCO levels across subjects.
CONCLUSION
Thus, recall the conclusion of the meta-analysis by Gerber et al. (2018), namely: “The common response to comparison is contrast: people increase their self-evaluations after downward comparison and decrease their self-evaluations after upward comparisons.” (p. 194). Even though our results must be interpreted with caution, it appears that upward contrast best explains gender differences in our sample, and its negative effect is not reduced by less frequent use or by more frequent implementation of others processes. Results of this study demonstrate the need to examine the evolution of social comparison processes over time, considering their impact on achievement as well as on students’ academic and social well-being from a gender perspective. This would also allow us to explore the existence of particular profiles and to assess their risk in order to implement strategies to limit their negative impacts on students. It also seems necessary to take into consideration different motivations for comparison (e.g., self-assessment, improvement, valorization) and its level of orientation (i.e., SCO). Making teachers aware of the existence of these social comparison processes appears to be an important issue. Knowing that some teachers may deliberately use social comparison within their classrooms (i.e., forced comparison), having knowledge about the influence of these processes on academic self-concept also seems relevant, as already highlighted by Wolff et al. (2018). These authors also indicate that comparison should above all be redirected to internal and temporal frames of reference with positive reinforcements and by highlighting opportunities for improvement among below-average performing students in order to strengthen their academic self-concept. This may also help them to objectively self-assess their academic competence.
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Although Germany and Japan are top-ranking in STEM, women are underrepresented in the STEM fields of physics, engineering, and computer science in both countries. The current research investigated widespread gender-science stereotypes in STEM in the two countries (Studies 1 and 2) and negative consequences of expected backlash (i.e., imagining negative reactions and lower ascribed communion in scenarios) for women’s emotions and motivation in STEM due to role incongruity and lack-of-fit (Study 3). Studies 1 (N = 87) and 2 (N = 22,556) showed that explicit and implicit gender-science stereotypes are widespread and comparable in Germany and Japan. Study 3 (N = 628) showed that lower ascribed communion was related to less positive emotions, more negative emotions and anxiety emotions, and less study motivation for STEM students (from the fields of physics, engineering, and computer science) from Germany and Japan. Results point to more subtle expected backlash effects for women in STEM than hypothesized. Theoretical and practical implications for gender equality in STEM are discussed.
Keywords: backlash, cross-cultural psychology, gender stereotypes, social role theory, science technology engineering mathematics
INTRODUCTION
Around the world, women are underrepresented in Science, Technology, Engineering, and Mathematics (STEM) fields. Across the member states of the Organization of Economic Co-operation and Development (OECD), 72% of engineering and 80% of information technology degrees are awarded to men (OECD, 2015). However, gender distributions differ between STEM fields. Whereas women’s representation in biology, chemistry and mathematics is equal or even higher than men’s, women are clearly underrepresented in physics, engineering, and computer science (e.g., Cheryan et al., 2017). Women’s underrepresentation in these fields is unlikely to be explained by gender differences in mathematical ability, as numerous studies found that men and women show equal math performance (e.g., Else-Quest et al., 2010; Lindberg et al., 2010). The topic of gender differences in STEM has been investigated in numerous disciplines. Social-psychological research highlights how gender stereotypes and their consequences for women’s emotion, motivation, and behavior contribute to their underrepresentation in STEM (e.g., Eagly and Karau, 2002; Eagly and Wood, 2012).
Whereas a large amount of social-psychological work on women’s underrepresentation in STEM has focused on the United States (e.g., Cheryan et al., 2017; Diekman et al., 2017), the gender gap in STEM varies around the world. It is of increasing importance to investigate factors that contribute to cross-cultural differences and similarities in women’s underrepresentation in STEM (e.g., Yalcinkaya and Adams, 2020). Therefore, the current research focuses on Germany and Japan, two top-ranking countries in STEM, which for example, are among the top 5 countries in natural-science research (Nature Index, 2020) and technological expertise (U. S. News and World Report LP, 2020). Despite their success in STEM, in both countries women are underrepresented in physics, engineering, and computer science. In these fields, less than one third of undergraduate students were female (Germany: physics: 30%, engineering: 24%, computer science: 21%; Japan: science: 27%, engineering: 14%; Destatis, 2019; Gender Equality Bureau Cabinet Office, 2017).
Social psychological research has shown that gender stereotypes associate STEM with males (e.g., Nosek et al., 2009) and that women entering counter-stereotypic fields can experience social repercussions in form of backlash effects (e.g., Rudman and Glick, 2001). The current research investigates how gender stereotypes and expected backlash effects contribute to the gender gap in STEM in Germany and Japan, two different cultural contexts in which group membership is of varying relevance to the individuals (Markus and Kitayama, 1991) and which have received less scholarly attention than the cultural context of the United States.
Gender Stereotypes in STEM
Despite gender similarities in performance, women’s STEM abilities and motivation are stereotyped as low in many countries (e.g., Miller et al., 2015; Nosek et al., 2009). Stereotypes are “beliefs and associations that link a whole group of people with certain traits or characteristics” (Kassin et al., 2011, p. 148) and can be described on the dimensions of agency and communion (e.g., Williams and Best, 1991). Agency consists of competence (“capable”) and assertiveness (“ambitious”), whereas communion consists of warmth (“friendly”) and morality (“honest”; Abele et al., 2016). Men are stereotyped as agentic and women as communal (e.g., Williams and Best, 1991). As STEM is stereotypically associated with traits that are more valued in men than in women (Cheryan et al., 2015), negative stereotypes about women’s agency likely have detrimental consequences for women in STEM. They are associated with lower domain identification, career intentions (e.g., Cundiff et al., 2013), interest, sense of belonging (e.g., Cheryan et al., 2009), and lower enrollment in STEM classes (e.g., Stout et al., 2016). Thus, it can be assumed that gender stereotypes contribute to women’s underrepresentation in STEM.
Research conducted separately in Germany and Japan showed that women are negatively stereotyped in STEM in both countries (e.g., Adachi, 2014; Ikkatai et al., 2020; Steffens and Jelenec, 2011). The current research conducts a joint investigation of gender stereotypes in these two countries to gain knowledge about potential similarities and differences in gender stereotypes and their psychological consequences for (female) STEM students. Further, we aim to study whether the psychological processes that are related to widespread gender stereotypes and women’s underrepresentation in STEM are generalizable in these two countries representing different world regions: Whereas Germany can be categorized as a WEIRD (i.e., Western, Educated, Industrialized, Rich, Democratic), the East Asian country of Japan, although rich and industrialized, is commonly classified as non-Western (Henrich et al., 2010).
A recent model of cross-national variation in gender gaps in STEM participation (Yalcinkaya and Adams, 2020) proposed that individualistic, post-materialistic WEIRD countries show higher underrepresentation of women in STEM than collectivistic, materialistic countries. The model explains national differences in STEM gender gaps by differences in values emphasizing individual choice vs. financial security and relational expectations. However, there are deviations from this proposed dichotomy, embodied by Germany and Japan. Germany is more individualistic than Japan (e.g., Varnum et al., 2010), but the structural and economic factors are similar: Both countries are industrialized and affluent (e.g., Credit Suisse Research Institute, 2019), and in both countries the gender gap in STEM is large. As gender stereotypes arise from the gendered division of labor (e.g., Eagly and Wood, 2012) and women are underrepresented in STEM in Germany and Japan, we thus expect STEM ability to be stereotypically associated with men rather than women in both countries (Hypothesis 1; Studies 1 and 2). Focusing on Germany and Japan, we aim at investigating which aspects of the consequences of gender stereotypes for women in STEM are generalizable across countries and whether they are related to cultural variables reflecting the relevance of social group membership and associated stereotypes for the self (Study 3).
Backlash and Lack of Fit for Women in STEM
Social-psychological theories describe negative consequences of gender stereotypes for women in male-dominated domains (e.g., leadership, STEM). Social role theory (e.g., Eagly and Wood, 2012) posits that gender stereotypes arise because men and women occupy different social roles. The observation of gender-segregated social roles leads to stereotypes, which subsequently influence motivation, emotion, and behavior. Higher role segregation and stronger stereotypes lead to gender differences in behavior. Women (men) are expected to behave communal (agentic). However, women pursuing a STEM career behave counter-stereotypically, which can lead to negative social consequences like being perceived as unlikable.
The lack-of-fit framework describes that social roles stereotyped to require agentic traits (e.g., leadership positions) are perceived as incongruent with the female stereotype, resulting in a perceived lack-of-fit of women with these roles (e.g., Heilman, 1983). According to role congruity theory (Eagly and Karau, 2002) men’s roles, but not women’s, overlap with leadership roles. When women enter a field stereotyped as agentic or display agentic behavior–thereby violating prescriptive gender stereotypes (i.e., how women should behave; e.g., Eagly and Karau, 2002), they likely experience a backlash effect (i.e., social repercussions for counter-stereotypical behavior). Agentic women receive negative social reactions in that they are evaluated as socially deficient and unlikable (low in communion) by others (Rudman and Phelan, 2008).
Based on social role theory and role congruity theory, we investigate how women in STEM expect backlash as a consequence of gender stereotypes. STEM fields, especially physics, engineering and computer science, are stereotypically associated with men (e.g., Cheryan et al., 2015) and work in STEM fields is not perceived as people-oriented (e.g., Gino et al., 2015), representing communal work goals (Cheryan et al., 2017). Therefore, we expect women in these STEM fields to expect backlash (Hypothesis 2; Study 3). The current research focuses on expected rather than experienced backlash for several reasons. First, investigating actual backlash behavior (repercussions for counter-stereotypical behavior from other people) would require an observational or experimental methodology, which was beyond the scope of the survey conducted in Study 3. Second, the focus of the current research was on how female students expect backlash due to their study major and how this subjective perception of potential backlash influences their subsequent emotions and motivation. We believe that this focus on subjective expectations of backlash is highly relevant, as these subjective expectations are likely to be a proximal predictor of emotions and motivation.
Negative social reactions can in turn influence women’s emotions and motivation in STEM. Morinaga et al. (2017) investigated how benevolent sexism affects women’s emotions and motivation in mathematics in two scenario experiments with Japanese female (junior) high-school students. When students imagined their math teacher to comment a good performance with “well done, although you are a girl!” (stereotype activation condition), they experienced more negative and less positive emotions than in a control condition (“well done!”). Stereotype activation lead to lower motivation mediated by emotions. In line with this, we expect that for women, but not for men, the expectation of more negative reactions to studying a STEM subject (expected backlash effect) is related to negative emotions (Hypothesis 3). In turn, these emotions predict lower motivation to study for STEM (Hypothesis 4).
A Cross-Cultural Approach to Expected Backlash for Female STEM Students
If STEM is stereotypically associated with men in both Germany and Japan, it is likely that these stereotypes have negative psychological consequences for female STEM students in both cultural contexts. The negative consequences of backlash effects have been predominantly investigated in the United States (e.g., Rudman and Glick, 2001; Rudman and Phelan, 2008; Eaton et al., 2020). It remains unclear whether the expected negative reactions for counter-stereotypical behavior are related to women’s emotion and motivation in a similar way and intensity in cultural contexts in which membership in social groups is of varying relevance to the self. To fill this gap in the literature, the present research investigates gender stereotypes and their psychological consequences for women in stereotype-incongruent STEM fields in Germany and Japan and examines whether the psychological variable of self-construal, which reflects how central social group membership is for the self, is associated with the extent of expected backlash effects.
In the Japanese culture individuals tend to endorse an interdependent self-construal, a cultural orientation for which social group membership is central to the self. In the German culture individuals tend to endorse an independent self-construal, for which group membership is less central (Markus and Kitayama, 1991; Varnum et al., 2010). In cultures where individuals tend to endorse an interdependent self-construal, social networks are relatively stable (i.e., low relational mobility; Thomson et al., 2018) and people are highly sensitive to social rejection (e.g., Sato et al., 2014). We thus argue that self-construal is relevant when investigating expected backlash effects of female STEM students across cultures, as individuals endorsing an interdependent self-construal should be more prone to expecting negative social repercussions for their counter-stereotypical behavior (studying a STEM subject) than individuals endorsing an independent self-construal. We thus expect that the kind of self-construal moderates the effects of expected backlash on female STEM students’ emotions and motivation (Hypothesis 5). We explore whether these relationships depend on the relational mobility afforded by the social situation. Associations between variables should be stronger in a low relational mobility situation (new relationships are likely to become stable) compared to a high relational mobility situation (relationships are flexible and formed by personal choice).
The Present Research
As a basis for the investigation of the consequences of gender stereotypes for female STEM students in Germany and Japan, in a first step (Studies 1 and 2) we aim at substantiating that in both countries gender stereotypes associate men more with STEM than women. Study 1 investigates explicit gender stereotypes about mathematical and general academic abilities. Because explicit measurement of stereotypes can be prone to response biases (e.g., Smith, 2014; Kemmelmeier, 2016), Study 2 investigates explicit and implicit gender-science stereotypes using samples from Project Implicit. In a second step, we investigate expected backlash effects for female students of physics, engineering and computer science for the first time jointly in Germany and Japan. Study 3 (pre-registered) investigates the consequences of gender stereotypes for German and Japanese STEM students. In two scenarios, participants were asked to imagine a conversation with a previously unknown person of the opposite gender who is asking about their field of study. The participants indicated how they expected their conversation partner to react and perceive them on communion. We hypothesize that women expect more negative reactions and lower communion ratings than men (expected backlash). Furthermore, expected backlash should have negative consequences for women’s emotions and motivation in STEM and should be stronger for individuals strongly endorsing an interdependent self-construal. Materials (Studies 1 and 3), data and analysis scripts (all studies), and the pre-registration (Study 3) are available on the OSF (https://osf.io/4awqe/).
STUDY 1: EXPLICIT GENDER-MATH STEREOTYPES
To replicate the basic premise that men are more strongly associated with STEM and high STEM ability than women (e.g., Steffens and Jelenec, 2011; Ikkatai et al., 2019) in both countries, in a questionnaire study we assessed participants’ perceptions of widespread gender stereotypes about math and general academic abilities.
Methods
Data were collected in December 2013 (Japan) and September 2015 (Germany). University students were recruited as participants via e-mail, a virtual laboratory and in class. Participants did not receive compensation for participation. The sample consisted of 28 Japanese (age: M = 26.15 years, SD = 7.34, 42.9% female) and 59 German university students (age: M = 33.25 years, SD = 10.18, 74.6% female). Participants answered a questionnaire assessing gender stereotypes about math and general academic abilities and their valence. Materials were translated and back-translated by the research team. Participants listed stereotypical statements about women’s and men’s general academic and math abilities and rated the statements’ valence (from −3 = very negative to +3 = very positive). Participants were asked not to provide their personal opinion, but indicate socially shared stereotypes in Germany or Japan. Finally, they provided demographic information (age, gender, nationality) and were debriefed.
Results
Stereotype Content
Japanese participants made 221 statements (women/math: 61, women/general: 55, men/math: 55, men/general: 50), and German participants made 924 statements (women/math: 218, women/general: 239, men/math: 228, men/general: 239). In both samples, most statements about women’s math ability indicated a negative conception. For example, participants indicated “slow in doing mental arithmetic,” “bad at logical thinking/algebra.” In contrast, for women’s general academic ability, participants mostly indicated that they are good at languages and humanities, for example, “good at languages” or “good at arts and music.” Men’s math ability was described with positive statements, e.g., “good at math/logical thinking,” “good comprehension of mathematical formulas.” In turn, men’s general academic ability was characterized as “good at math and natural science” or “bad at languages.” The statements reflected the widespread stereotype that women have high abilities in languages and humanities but low abilities in math and science, and vice versa for men (e.g., Steffens and Jelenec, 2011).
Stereotype Valence
Valence ratings were averaged for each category. Ratings were nested within participants, we therefore computed a linear mixed model. To do so, we transformed the data from wide format (1 row per participant) to wide format (4 rows per participant, reflecting repeated measures of Domain and Gender). Because many participants listed less than the maximum number of five statements per category, we used restricted maximum likelihood (REML) estimation as it can produce unbiased estimates of variance and covariance parameters in the presence of missing data and uses the full data set; in contrast to full maximum likelihood estimation with listwise deletion. The dependent variable was valence ratings, predictors were Gender (male vs. female, within participants), Domain (general academic vs. math, within participants), and Country (Germany vs. Japan, between participants). Main and interaction effects were entered as fixed effects, the covariance type was compound symmetry. The main effect of Country was non-significant, F (1, 87.17) = 0.20, p = 0.657. There were significant main effects of Gender, F (1, 231.95) = 54.51, p < 0.001, and Domain, F (1, 253.04) = 5.49, p = 0.020. The interaction of Domain and Gender was also significant, F (1, 231.95) = 29.59, p < 0.001. The interactions with country were non-significant, Fs < 0.87, ps > 0.351. Bonferroni-adjusted post-hoc comparisons for the interaction of Gender and Domain across countries revealed that women’s math ability was rated significantly more negatively than men’s [Mwomen = −0.86, 95% CI (−1.16; −0.55), SE = 0.15, Mmen = 1.04 (0.73; 1.34), SE = 0.15; t (223.63) = 9.37, SE = 0.20, p < 0.001, Cohen’s d = 1.58]. Valence of women and men’s general academic abilities did not differ significantly [Mwomen = 0.30, 95% CI (−0.01; 0.60), SE = 0.16; Mmen = 0.58 (0.26; 0.91), SE = 0.16; t (239.34) = 1.33, SE = 0.22, p = 0.183, d = 0.23]. Across countries women’s math ability was rated more negatively than their general academic ability [t (238.86) = 5.59, SE = 0.21, p < 0.001, d = 0.90]. Men’s math ability was rated more positively than their general academic ability [t (246.25) = 2.12, SE = 0.21, p = 0.035, d = 0.41].
Discussion
In line with previous studies conducted separately in Germany and Japan (Ikkatai et al., 2019; Steffens and Jelenec, 2011), findings indicate the presence of negative stereotypes about women’s math ability in Japanese and German society (Hypothesis 1). Participants indicated that women’s math ability is stereotyped more negatively than men’s, and also more negatively than women’s general academic ability. These effects can be considered large (Cohen, 1988). There were no country differences between stereotype content and valence ratings. However, samples were small and stereotypes were measured only explicitly. To rule out response bias in explicit stereotype measurement (e.g., Smith, 2014; Kemmelmeier, 2016), in Study 2, we investigated gender-science stereotypes with data from Project Implicit.
STUDY 2: EXPLICIT AND IMPLICIT GENDER-SCIENCE STEREOTYPES
Study 2 investigated explicit and implicit gender-science stereotypes in Germany and Japan by Project Implicit (https://implicit.harvard.edu), which provides different Implicit Association Tests (IAT; Greenwald et al., 1998) to the public in various languages. The gender-science IAT is a behavioral task measuring the implicit association between the categories male/female and science/liberal arts. Participants from 34 countries who completed gender-science IATs on the Project Implicit website associated male with science and female with liberal arts more easily than the reverse category combination (Nosek et al., 2009).
Method
Data provided by Project Implicit contained responses from 72,094 participants. Participants with missing values on the measure of implicit gender-science association (n = 44,010), missing values on gender (n = 4,017), or an age below 18 years (n = 1,159) were excluded. The final sample (N = 22,556) consisted of 9,875 Japanese (age: 18–88 years, M = 28.46, SD = 10.23; 50% female) and 12,681 German participants (age: 18–87 years, M = 29.54, SD = 10.22, 54% female).
Participants completed the gender-science IAT between 2006 and 2017. They categorized words into four categories by pressing two keys. In a stereotype-congruent condition the categories male/science were paired on one key and female/liberal arts on the other; in the stereotype-incongruent condition the pairings were reversed. Faster responses in the stereotype-congruent condition compared to the stereotype-incongruent condition indicate a stronger male-science association. Details on Project Implicit’s gender-science IAT procedure can be found in Nosek et al. (2009). In addition, participants responded to the item “How much do you associate science with males or females” (1 = strongly male to 7 = strongly female) as a measure of explicit gender-science stereotypes, and provided demographics.
Statistical Analyses
In contrast to Study 1, which included a mixed model with between- and within-participants factors, Study 2 predicted implicit and explicit stereotypes by the between-participants factors Gender and Country. To do so, we used factorial Analysis of Variance (ANOVA). As only participants who completed the IAT were included in the sample, there were no missing values in the analysis of implicit stereotypes. For explicit stereotypes, a subsample of 51% of participants who completed the IAT also completed the explicit stereotype measure. Again, analyses were conducted with the subsample that completed the respective measure. In additional ANCOVAs, we controlled for year of data collection.
Results
Implicit Stereotypes
Project Implicit computed D scores as a measure of the implicit gender-science association for each participant by dividing the difference in mean response latency between the two conditions by the participant’s latency standard deviation inclusive of the two conditions using the improved scoring algorithm (Nosek et al., 2009). Participants from Germany as well as from Japan showed positive overall D scores, indicating a stronger implicit association of male/science and female/liberal arts than the reverse combination [MGermany = 0.43, 95% CI (0.42; 0.44), SE = 0.01, MJapan = 0.38 (0.37; 0.39), SE = 0.01]. We subjected the D scores to a 2 × 2 ANOVA with the between-participants factors Gender (men vs. women) and Country (Germany vs. Japan). Results showed significant main effects of Gender, F (1, 22,552) = 493.27, p < 0.001, Country, F (1, 22,552) = 70.49, p < 0.001, and a significant interaction, F (1, 22,552) = 145.89, p < 0.001. Bonferroni-adjusted post-hoc comparisons showed that in both countries, women showed stronger implicit associations of male/science and female/liberal arts than men [Germany: MWomen = 0.45 (0.44; 0.46), SE = 0.01, MMen = 0.40 (0.39; 0.41), SE = 0.01, t (22,552) = 7.64, SE = 0.01, p < 0.001, d = 0.14; Japan: MWomen = 0.47 (0.46; 0.48), SE = 0.01, MMen = 0.29 (0.27; 0.30), SE = 0.01, t (22,552) = 22.84, SE = 0.01, p < 0.001, d = 0.46]. For men, German participants showed a stronger implicit association than Japanese [t (22,552) = 14.25, SE = 0.01, p < 0.001, d = 0.14]. This difference was also significant for women, but with a small effect size [t (22,552) = 2.60, SE = 0.01, p < 0.001, d = 0.05]. Results were mainly robust when controlling for year of data collection (albeit the last comparison was no longer significant).
Explicit Stereotypes
The explicit gender-science stereotype item was completed by 11,601 participants (51% of the total sample). Means were above the scale midpoint, indicating that science was stereotyped to be male. A 2 × 2 ANOVA with Gender and Country as between-participants factors and explicit stereotypes as the dependent variable showed significant main effects of Gender, F (1, 11,597) = 89.02, p < 0.001, Country, F (1, 11,597) = 276.59, p < 0.001, and a significant interaction, F (1, 11,597) = 74.72, p < 0.001. Bonferroni-adjusted post-hoc comparisons showed that in Germany, men showed stronger endorsement of explicit stereotypes than women, this difference was non-significant in Japan [Germany: MWomen = 4.88 (4.85; 4.91), SE = 0.02, MMen = 5.22 (5.18; 5.26), SE = 0.02, t (11,597) = 11.86, SE = 0.02, p < 0.001, d = 0.37; Japan: MWomen = 5.36 (5.32; 5.39), SE = 0.02, MMen = 5.37 (5.33; 5.41), SE = 0.02, t (11,597) = 0.61, SE = 0.02, p = 0.541, d = 0.01]. Both men and women from Japan showed stronger stereotype endorsement than men and women from Germany [men: t (11,597) = 5.33, SE = 0.03, p < 0.001, d = 0.15, women: t (11,597) = 19.09, SE = 0.03, p < 0.001, d = 0.50]. Results were robust when year of data collection was controlled.
Discussion
In line with Study 1, Study 2 supported Hypothesis 1, showing that in large samples and with implicit and explicit stereotype measures, men were more strongly associated with science than women. It is prudent to note that significant country and gender differences should be interpreted with caution due to large sample sizes, effect sizes for country and gender differences were small to medium (0.01 < Cohen’s d < 0.50). Study 2 replicated and extended findings from Study 1 and previous research (Ikkatai et al., 2019; Steffens and Jelenec, 2011), as it included much larger samples and explicit as well as implicit measures of gender-science stereotypes, whereas Study 1 focused on gender-math stereotypes. Taken together, Studies 1 and 2 take multi-faceted angles and present a comprehensive picture of gender stereotypes in the STEM domain. Based on the combined results, we conclude that negative gender stereotypes about women’s STEM ability are widespread in both countries. Study 3 thus focused on the consequences of these stereotypes and investigated to what extent female STEM students expect backlash for their stereotype-incongruent study major.
STUDY 3: EXPECTED BACKLASH FOR FEMALE STEM STUDENTS
Study 3 was a scenario study with German and Japanese university students of physics, engineering, and computer science as participants. In an online questionnaire, participants imagined being asked about their study major in a conversation with an unknown person of the opposite gender. They completed items on the expected reactions of the conversation partner, their emotions and study motivation. We hypothesized expected backlash (i.e., expected negative reactions of the conversation partner and lower ascribed communion) for women, but not for men (Hypothesis 2). This expected backlash should predict more negative/less positive emotions and lower study motivation (Hypotheses 3 and 4). Moreover, we expected these relationships to be stronger for women endorsing an interdependent self-construal (Hypothesis 5). Hypotheses were pre-registered (https://osf.io/afqxb/).
Participants and Procedure
Data were collected between January and September 2019. After registering their e-mail address in an online form, participants were invited to participate in two parts of an online questionnaire via personalized emails. Data from Part 1 and 2 (2-days interval between measurements) were matched with participant-generated codes. E-mail addresses could not be connected to questionnaire data. Participants provided written consent in accordance with EU General Data Protection Law. The study was approved by the ethics committee of the first author’s institution.
Participants were recruited via university classes and Facebook groups/mailing lists of student associations of physics, mathematics, computer science, and engineering. The questionnaire (both parts) was completed by 656 participants. We excluded participants who were not university students or indicated non-STEM majors (n = 24), entered non-corresponding gender information at the two parts (n = 2), or indicated “other” as their gender (n = 2). The final sample consisted of 628 participants (Japanese: n = 432, 101 female, age: 18–33 years, M = 19.73, SD = 1.59; German: n = 196, 87 female, age: 18–57 years, M = 26.88, SD = 8.37).
A sample size of 100 female students per country was determined based on an a-priori power analysis for a repeated-measures ANOVA (Hypothesis 2) with a within-between interaction (medium effect size of f = 0.15, α = 0.05, power = 0.80, 2 groups, 2 measurements), which resulted in a sample size of N = 90. As Hypotheses 3–5 required path modeling, sample size was increased to 100 female students per country (and at least as many male students), resulting in a total minimum sample size of N = 400. The pre-registered sample size of female students was reached for the Japanese but not the German sample (n = 87). Data collection was terminated after 9 months of contacting Facebook groups and student councils of the STEM majors of all German universities, and 152 German university instructors. A sensitivity analysis showed that with the current sample small effects (f = 0.06) could be detected.
Materials
Materials were translated by the project team and back-translated by a professional translator. Moderators and demographics were assessed in Part 1, scenarios and outcomes in Part 2.
Part 1
Participants indicated whether they were university students, their field of study and gender. Independent/interdependent self-construal was measured with 10 items each (e.g., “I always try to have my own opinion,” “I will sacrifice my self-interest for the benefit of the group I am in,” 1 = do not agree, 7 = completely agree; Park and Kitayama, 2014).
Part 2
Participants were asked to imagine a conversation with an unknown person of the opposite gender in two scenarios. Female participants imagined a male conversation partner, whereas male participants imagined a female conversation partner. The wedding party scenario should represent high relational mobility (a flexible social network and opportunities to form relationships by choice), whereas the choir scenario should represent low relational mobility (a fixed network and long-term relationships due to circumstance; Thomson et al., 2018).
Wedding Party Scenario
“Please imagine you are attending a friend’s wedding reception. You are introduced to a male/female person whom you have not met before. You start chatting with him/her and you feel like you are getting along well. During your conversation, he/she asks you about your university major. You tell him/her that you study (subject entered by participant displayed). Please take some time to imagine yourself in this situation.”
Choir Scenario
“Please imagine that you recently decided to participate in your university’s choir. Therefore, you attend the first choir meeting of the new semester. You are very motivated to join the choir and go to rehearsals regularly because you like singing and want to start a new extra-curricular activity for the next year. During the first meeting, a choir member asks you about your university major. You tell him/her that you study (subject). Please take some time to imagine yourself in this situation.”
Following each scenario, participants described how they imagined the conversation partner’s reaction [“How do you think would your conversation partner react to hearing that you study (subject)? Please write down his/her imagined reaction as detailed as possible. Keep in mind that reactions can either be verbal (what he/she says) or non-verbal (facial expression, body language etc.).”], rated the reaction valence (“How positive or negative is this reaction?” 1 = very negative, 7 = very positive) and impression (“How positive or negative do you think is your conversation partner’s impression of you?” 1 = very negative, 7 = very positive).
Furthermore, they rated expected communion (“Please indicate how much your conversation partner thinks you possess the following traits,” 4 items, gentle, affectionate, supportive, sympathetic; Steinmetz et al., 2014; 1 = not at all, 7 = completely), emotions (“How would you feel in the scenario?” 13 items; Morinaga et al., 2017, 1 = do not agree, 7 = completely agree), and motivation [“In the scenario, how would you intend to work hard for (subject) from now on? Please indicate whether your motivation is stronger or weaker compared to before.” 1 = much weaker than before, 7 = much stronger than before; and “In the scenario, how has your motivation to study hard for (subject indicated above) changed?” 1 = completely lost motivation; 7 = motivation got much stronger; Morinaga et al., 2017]. Demographics included field of study, gender, birth year, and nationality. Further measures not reported in this paper were implicit theories of intelligence, gender identity, implicit gender-science attitudes, and benevolent sexism (Part 1), perceived agency, general motivation, career and research intentions, goals, perceived stereotype threat, future work domain and importance of digitalization for STEM (Part 2).
Statistical Analyses
Because all questions were programmed as mandatory in the online questionnaire, there was no missing data. Measurement invariance was tested with exploratory factor analysis (conducted in SPSS version 25) and confirmatory factor analysis (conducted in Mplus Version 8.6). Cutoff criteria for goodness of model fit in CFA were CFI/TLI ≥0.90, SRMR ≤0.06, RMSEA ≤0.08. Reaction valence and communion stereotypes were investigated with linear mixed models with REML estimation. Open-ended answers on reactions were categorized and subjected to frequency analysis (cross tabulation and χ2 tests). Consequences of reactions and communion for emotions and motivation were investigated with path analysis in Mplus.
Results
Measurement Invariance and Descriptive Statistics
We investigated measurement invariance between national subsamples for multi-item measures. Multiple-group confirmatory factor analysis (CFA) with the national groups after model modifications showed partial metric invariance for all scales. For emotions, exploratory factor analysis (EFA) with promax rotation yielded three factors: positive (happy, proud, feeling good, satisfied, relieved, relaxed), negative (disappointed, angry, feeling bad, dissatisfied), and anxiety (anxious, nervous, embarrassed). In a CFA configural model (no equality constraints), three items (satisfied, relieved, feeling bad) were excluded due to low factor loadings and high cross-loadings. Loadings of item “angry” on negative emotions and item “embarrassed” on anxiety emotions were freed due to non-equivalence. The model showing partial metric invariance (i.e., factor structure and at least two loadings per factor constrained to be equal across groups) had acceptable model fit [χ2 (72) = 218.58, p < 0.001, RMSEA = 0.08, CFI = 0.96, TLI = 0.95, SRMR = 0.06] which did not significantly differ from the configural model [Δ χ2 (8) = 9.31, p = 0.317].
EFA and CFA showed that the four communion items loaded on a single factor in both samples. A model showing partial metric invariance showed good fit when error terms of the items “supportive” and “sympathetic” were allowed to correlate, and the loading of the item “compassionate” was freed due to non-invariance, [χ2 (3) = 3.82, p = 0.282, RMSEA = 0.03, CFI = 1.00, TLI = 1.00, SRMR = 0.07]. The fit of this model did not significantly differ from the configural model [Δ χ2 (1) = 0.73, p = 0.393].
Internal consistency of the interdependent self-construal scale was not acceptable (0.55 < Cronbach’s α < 0.72) with German men showing a value below 0.60, therefore, we used the independent self-construal scale, which had acceptable consistency (0.63 < α < 0.68). Issues with low reliability of this and other self-construal scales have been reported and discussed in earlier research (e.g., Gudykunst and Lee, 2003; Park and Kitayama, 2014). Multi-group CFA showed partial metric invariance in a single-factor model when error terms of “I always try to have my own opinions” and “I always express my opinions clearly” were allowed to correlate, and the loadings of the items “I always try to have my own opinions” and “It does not concern me when my opinions or behavior differs from that of other people” were freed due to non-invariance [χ2 (74) = 136.08, p < 0.001, RMSEA = 0.05, CFI = 0.92, TLI = 0.90, SRMR = 0.05]. The fit of this model did not significantly differ from the configural model [Δ χ2 (6) = 11.87, p = 0.065]. Independent and interdependent self-construal were negatively correlated in all subgroups (−0.12 < r < −0.54). Descriptive statistics are displayed in Table 1, bivariate correlations in Table 2. Outputs of CFAs to investigate measurement invariance can be found on the OSF.
TABLE 1 | Descriptive statistics.
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To test Hypothesis 2, data were transformed into long format (1,256 observations, 628 participants) due to the repeated measurements for the scenarios (in long format, one data row represented one observation instead of one participant). We computed linear mixed models with Gender (male vs. female, between-participants) and Scenario (high vs. low relational mobility, within-participants) as factors and valence of imagined reactions and communion as dependent variables. For reaction valence, there was a main effect of Gender, F (1, 1,251.97) = 6.22, p = 0.013. Women expected more positive reactions [M = 4.66 (4.55; 4.78), SE = 0.04] than men [M = 4.49 (4.41; 4.56), SE = 0.06, t (1,251.97) = 2.50, SE = 0.07, p = 0.013, d = 0.15]. The main effect of Scenario was also significant, F (1, 1,251.97) = 15.32, p < 0.001. Valence of reactions was more positive in the high relational mobility scenario [M = 4.71 (4.62; 4.81), SE = 0.05] compared to the low relational mobility scenario [M = 4.44 (4.34; 4.53), SE = 0.05, t (1,251.97) = 3.92, SE = 0.07, p < 0.001, d = 0.22]. The interaction was non-significant [t (1,251.97) = 0.81, p = 0.368].
For communion, there was a main effect of Gender, F (1, 1,247.91) = 6.36, p = 0.012. Women expected lower communion ratings [M = 3.79 (3.67; 3.92), SE = 0.06] than men [M = 3.98 (3.90; 4.07), SE = 0.04, t (1,247.91) = 2.53, SE = 0.08, p = 0.012, d = 0.22]. The main effect of Scenario and the interaction were non-significant (Fs < 1.46, ps > 0.227).
In an exploratory analysis, we categorized the open-ended responses on imagined reactions into four categories: positive, negative, surprised, and interested/neutral. Reactions were coded as positive when containing positive aspects (e.g., impressed, admiring, interested) and negative when containing negative aspects (e.g., rejection, disinterest, distancing, negative comments about STEM). Reactions were coded as surprised when cues for surprise were mentioned (e.g., surprised, amazed, perplexed). When surprise was mentioned in combination with other aspects, responses were coded as surprised. Reactions were coded as neutral when they did not contain positive, negative or surprised aspects (e.g., no apparent reaction, neutral) or if a combination of positive and negative reactions was mentioned (e.g., “it could be one of two possibilities, a positive reaction or a negative one”). Reactions were coded by two independent raters each who were fluent in the respective language. Interrater reliabilities were excellent (Cohen’s Kappa ≥ 0.89), indicating high agreement between raters. There were gender differences in distributions across categories: men more frequently described positive expected reactions, whereas women more frequently described surprised reactions [Table 3, high relational mobility: χ2 (3) = 113.19, p < 0.001; low relational mobility: χ2 (3) = 43.29, p < 0.001]. Further descriptive analyses showed that none of the men, but 34% of women imagined their conversation partner to make a reference to their gender [e.g., “Really? Women are rare in (subject),” “理系女” (Rikejo, female scientist), “you are studying (subject) although you are a woman?”].
TABLE 3 | Frequencies of categories of reactions to scenarios.
[image: Table 3]Consequences of Perceived Reactions and Communion
To test Hypotheses 3 and 4, we computed path models with multiple-group comparison for men/women including reaction valence and communion ratings as predictors of emotions. In turn, reactions and emotions predicted study motivation. For constructs measured with more than two items (i.e., communion, emotions, self-construal) we used factor scores that were generated under the assumption of partial metric invariance as manifest variables in the model (please note that we deviate from the pre-registration which included latent variable modeling to account for the fact that partial metric invariance but not full scalar invariance could be established). Scenarios were combined, but separate analyses showed similar results with larger effect sizes for the low relational mobility scenario. Results for separate analyses can be found on the OSF. Although the pre-registration stated that we would use scenario as a covariate, we opted for presenting the results for the scenarios separately to better reflect potential differences between scenarios. We controlled for country of data collection in all analyses.
In a first model, all paths were constrained to be equal for men and women. Country of data collection was entered as a control variable. Model fit was good [χ2 (17) = 38.20, p = 0.002, RMSEA = 0.064, CFI = 0.99, TLI = 0.97, SRMR = 0.05]. Modification indices showed that fit could be further improved by relaxing the constraint for the path from reactions to negative emotions. Constraints were relaxed for the direct and indirect effects. Fit of the modified model was good [χ2 (16) = 33.51, p = 0.006, RMSEA = 0.06, CFI = 0.99, TLI = 0.97, SRMR = 0.05]. A χ2 difference test showed that the fit of this modified model was significantly better than that of the fully constrained model [Δχ2 (1) = 4.69, p = 0.030]. Results are displayed in Table 4 (direct effects), Table 5 (indirect effects), and Figure 1. All direct and indirect effects were in the expected direction and significant, except for a non-significant path from anxiety emotions to motivation and the indirect effects via anxiety emotions, which were both non-significant. The path from reactions to negative emotions and the indirect effect of reactions to motivation via negative emotions were stronger for female than male students. Unexpectedly, the paths from reactions and communion to positive and anxiety emotions were equal for female and male students.
TABLE 4 | Direct effects in modified path model.
[image: Table 4]TABLE 5 | Indirect effects in modified path model.
[image: Table 5][image: Figure 1]FIGURE 1 | Results of the modified path model (H3 and H4).
Moderation by Self-Construal
To investigate whether self-construal moderated the relationships from reactions and communion to emotions and motivation (Hypothesis 5), we introduced independent self-construal and its interactions with reactions, communion, and emotions as additional predictors, controlling for country. Predictors involved in the interactions were centered. The additional paths were unconstrained. Model fit was not acceptable [χ2 (64) = 141.94, p < 0.001, RMSEA = 0.06, CFI = 0.95, TLI = 0.92, SRMR = 0.07]. Inspection of results showed that independent self-construal interacted with reactions and communion to predict emotions, but did not interact with emotions to predict motivation. Thus, we computed a modified model excluding the interactions of emotions and self-construal on motivation. This modified model had acceptable fit [χ2 (34) = 71.58, p < 0.001, RMSEA = 0.06, CFI = 0.98, TLI = 0.95, SRMR = 0.06]. For male participants, there was an interaction of communion and independent self-construal to predict negative emotions as well as anxiety emotions. Simple slopes analyses showed that for male participants weakly endorsing an independent self-construal, higher communion ratings predicted higher negative emotions (b = 0.28, SE = 0.06, p < 0.001) and higher anxiety emotions (b = 0.38, SE = 0.06, p < 0.001), whereas these relationships were non-significant for male participants strongly endorsing and independent self-construal (negative emotions: b = 0.03, SE = 0.06, p = 0.594; anxiety emotions: b = 0.10, SE = 0.06, p = 0.121) Moreover, self-construal interacted with reactions to predict positive emotions. For male participants weakly endorsing an independent self-construal, the relationship of positive reactions and positive emotions was stronger (b = 0.38, SE = 0.05, p < 0.001) than for male participants strongly endorsing an independent self-construal (b = 0.28, SE = 0.05, p < 0.001). In turn, for female participants there were no direct or moderated effects of self-construal on positive or negative emotions, but self-construal negatively predicted anxiety emotions and positively predicted motivation. Results are depicted in Table 6.
TABLE 6 | Results of path model with moderation by independent self-construal.
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Study 3 showed mixed evidence for expected backlash for women in STEM (Hypothesis 2). Women expected their conversation partner to react more positively than men (contrary to expectations), but expected to be rated lower in communion than men (in line with expectations). These results might indicate a subtle expected backlash effect in that female students did not imagine blatant negative reactions to disclosing their STEM major to the conversation partner, but they expected lower communion ratings. This latter result is consistent with lack-of-fit models indicating that women in agentic fields (in the United States) are rated lower in communion for disconfirming the female stereotype (Rudman and Phelan, 2008).
Contrary to Hypotheses 3 and 4, the path models largely showed gender similarities. However, results might also point to some negative consequences of the (subtle) expected backlash effect: Less positive reactions were related to more negative emotions (and consequently lower motivation) more strongly for female than male students. This might indicate that (some) women are sensitive to disconfirming the female stereotype and consequently suffer negative consequences of backlash. Concerning Hypothesis 5, results indicated that self-construal played a moderating role for male, but not for female participants. Lower independent self-construal was associated with stronger relationships of reactions and communion to emotions than higher independent self-construal. This result might indicate that men who see themselves as less independent from social others are more susceptible to possible positive and negative effects of social reactions on their emotions. Whereas positive reactions were related to positive emotions, higher communion was related positive, as well as to negative and anxiety emotions. This pattern of results might represent a double-edged sword of communion for men who place less value on being independent of social others: on the one hand, it is in general socially desirable to be rated high on communion (Steinmetz et al., 2014), on the other hand being perceived as highly communal might induce masculinity threat due to precarious manhood beliefs (e.g., Bosson et al., 2021; Vandello and Bosson, 2013). Unexpectedly, self-construal did not play a moderating role for female participants, indicating that for women, self-construal did not relate to a higher or lower susceptibility to expected backlash effects.
GENERAL DISCUSSION
Women are underrepresented in STEM fields like physics, engineering and computer science around the world, including Germany and Japan, which are top-ranking in STEM (e.g., Nature Index, 2020; U. S. News and World Report LP, 2020). Whereas there are no gender differences in math ability (e.g., Else-Quest et al., 2010; Lindberg et al., 2010), stereotypes play a role in gender segregation in STEM (e.g., Nosek et al., 2009). Based on social role theory (Eagly and Wood, 2012) and role congruity theory (Eagly and Karau, 2002), we expected gender-science stereotypes to be associated with expected backlash (Rudman and Phelan, 2008) for female STEM students, which negatively affects their emotions and motivation.
Studies 1 and 2 showed that widespread gender stereotypes in Germany and Japan associated men with math and science and women with liberal arts (Steffens and Jelenec, 2011). Results were consistent when using mixed methods including open-ended questions, Likert-scale explicit stereotype measurement as well as the Implicit Association Test, spanning multiple years of measurement (2006–2017). Replicating previous research that was conducted in each country separately (Ikkatai et al., 2020; Steffens and Jelenec, 2011), the current research showed in a joint investigation of both countries that in line with Hypothesis 1, negative stereotypes about women’s STEM ability were endorsed in both Germany and Japan. We thus conclude that these stereotypes likely contribute to women’s underrepresentation in STEM in these countries.
Study 3 investigated expected backlash as a potential consequence of gender-science stereotypes. A scenario study with students of physics, engineering, and computer science from Germany and Japan as participants showed tentative evidence for expected backlash for female STEM students. Concerning Hypotheses 2–4, gender differences were not as clear and pronounced as expected. Associations between expected reactions and communion to emotions and motivation were largely similar for male and female STEM students. Nevertheless, results point to subtle expected backlash effects for female students: They expected their conversation partner to rate them lower on communion (but not to react more negatively) than male participants. Furthermore, they more frequently expected surprised reactions than men, and 34% of women (0% of men) imagined their conversation partner to refer to their gender in the reactions. We take this as evidence that for women, gender is more salient in the imagined conversation about their study major. This salience might indicate that studying a STEM subject is seen as counter-stereotypical behavior violating prescriptive gender stereotypes. Female STEM students might thus expect that others perceive a lack of fit of women to STEM (Heilman, 1983; Eagly and Karau, 2002).
Results of Study 3 imply expected backlash for women in STEM, but participants did not expect this backlash to be blatantly negative. Backlash can manifest itself in subtle emotional responses like frowning or derisive smiling, which are discussed as possible indicators of implicit social punishment for disconfirming gender stereotypes (Rudman and Phelan, 2008). Such subtle responses can also be conceptualized as micro-aggressions (i.e., “brief, everyday exchanges that send denigrating messages to individuals because of their group membership,” Sue, 2010, p. xvii). Gender-based micro-aggressions in STEM contexts have recently gained attention (e.g., Sekaquaptewa, 2019) and might have contributed to subtle expected backlash. Moreover, the associations from less positive reactions to motivation via negative emotions were significantly stronger for female than for male students. This result indicates that even a subtle expected backlash might have negative consequences for female STEM students.
The cross-cultural approach showed that gender-science stereotypes were endorsed in Germany and Japan to a similar extent, corresponding to the comparable underrepresentation of women in STEM in these countries. Furthermore, associations between expected backlash, emotions and motivation remained consistent when country of data collection was statistically controlled for. A model investigating independent self-construal as a moderator showed two noteworthy patterns of results. First, self-construal moderated the paths from reactions/communion to emotions, but not the paths from emotions to motivation. This might indicate that self-construal is more relevant for how social reactions are perceived and which emotions are elicited by these perceptions. In turn, these emotions were associated with motivation to study irrespective of the level of self-construal endorsed, speaking for effects of emotions on motivation that are generalizable across participants’ cultural orientations. Second, self-construal moderated paths from reactions/communion to emotions only for male, but not for female participants. Thus, Hypothesis 5, that individuals endorsing an independent self-construal are less prone to expecting negative social repercussions for counter-stereotypical behavior of studying a STEM subject, was only supported for male participants. In contrast, female participants were susceptible to consequences of expected reactions to studying a STEM subject irrespective of the relevance of the group for their self. However, it should be noted that reliabilities of self-construal were at the lower end and unsatisfactory for some groups, calling for a replication with more reliable measures of self-construal.
Results were similar across scenarios, but stronger for the scenario representing low relational mobility. This indicates that the experienced negative consequences of stereotypes might be stronger for women in STEM in contexts in which the social network is more stable and less based on personal choice, as social rejection has more severe consequences in these contexts (Sato et al., 2014). Future studies should substantiate this preliminary evidence that the intensity of consequences of expected backlash for stereotype-incongruent behavior of women in STEM might be aggravated by the cultural factor of relational mobility.
Theoretical and Practical Implications
The present research showed that in the STEM fields of physics, engineering and computer science, similar social-psychological mechanisms as in other male-dominated domains (e.g., leadership) might impede gender equality in Germany and Japan. In accordance with social role theory (Eagly and Wood, 2012), the observation of gender segregation in male-dominated STEM fields is associated with the stereotype that in Germany and Japan, men are stereotypically perceived as better-suited for STEM than women. We applied role congruity theory (Eagly and Karau, 2002) to the STEM context to shed light on the psychological processes contributing to women’s underrepresentation in STEM in Germany and Japan. Like in the leadership domain, women might experience backlash effects in gender-segregated STEM fields. Because STEM is incongruent with the traditional female social role, women in STEM might experience social rejection in cultural contexts like Germany and Japan, where negative gender-science stereotypes are widespread (Study 2, but see also Ikkatai et al., 2020; Steffens and Jelenec, 2011).
A recent model advancing role congruity theory describes the interplay of social roles and motivational causes for gender inequality in STEM. Goal congruity theory (Diekman et al., 2017) posits that gender roles build an opportunity structure to fulfill individual (stereotype-congruent) goals. Women tend to strive for communal goals (e.g., helping other people), whereas men tend to strive for agentic goals (e.g., gaining power). By valuing different goals, women and men select into stereotype-congruent roles (study fields and careers). STEM fields are not perceived as affording communal goals. Thus, pursuing STEM creates goal incongruity for women, which can lead to lower motivation and opting out of STEM. The current research showed that women’s motivation is impaired by expected negative social reactions to studying a STEM subject. These negative reactions as a signal of lack-of-fit might communicate to women that STEM is perceived as incongruent with their gender role, thereby creating or aggravating goal incongruity. Importantly, participants in Study 3 had already successfully entered STEM majors, which means that they had sufficiently positive initial beliefs about STEM to enroll in this kind of major. The current research shows that even for these participants, who are highly invested in pursuing a STEM major and potential career, expected negative social reactions can have detrimental consequences for their emotions and motivation. Paired with the widespread gender stereotypes, these consequences can further aggravate gender segregation in STEM, as the leaky pipeline shows that female STEM students are often less inclined to pursue a STEM career than their male counterparts (e.g., Diekman et al., 2017; Jasko et al., 2020).
Goal congruity theory might also explain why we found positive relationships of communion to positive, negative, and anxiety emotions for male as well as female students. Communal goals represent the basic need of relatedness and are thus important to everyone (Diekman et al., 2017). Moreover, communion is socially valued (e.g., Abele et al., 2008). Therefore, being perceived as communal in the scenarios was associated with more positive emotions for both genders. However, because STEM is perceived as incongruent with communal goals, goal conflict is likely to arise. Goal conflict can elicit anxiety and negative emotions (Gray and McNaughton, 2003), potentially explaining why communion was related to higher anxiety and negative emotions for both genders.
Results open up pathways to reduce women’s underrepresentation in these STEM fields. Studies 1 and 2 showed that gender-science stereotypes are pervasive in Germany and Japan. There have been efforts to develop educational programs to reduce gender stereotypes and their effects, for example, focusing on teaching students a growth mindset or motivational and strategic trainings (e.g., Law et al., 2021; Moè, 2021). As changing stereotypes has been shown to be quite difficult (Heilman and Caleo, 2018), another fruitful road to gender equality in STEM in Germany and Japan is to reduce role and goal incongruity. An intervention to change communal goal affordances (i.e., the opportunities for goal pursuit) in STEM (Belanger et al., 2020) showed that perceiving communal goal affordances (e.g., collaborative lab activities) in STEM increased social belonging and interest, especially for women. Highlighting STEM’s potential to afford communal goals might therefore alleviate goal incongruity and reduce gender-science stereotypes and backlash effects for women, because STEM is perceived as less incongruent with the female gender role.
Limitations and Future Directions
A first limitation of the current research is the measurement of social reactions in Study 3. Although we used a combination of open-ended and Likert-scale questions and participants were asked to imagine both verbal and non-verbal reactions, the items captured rather blatant than subtle reactions. Future research should investigate a broader variety of reactions to disconfirming stereotypes in STEM. Second, Study 3 measured backlash and its consequences only cross-sectionally. As goal incongruity might be anticipated and repeatedly experienced before it has detrimental consequences for women’s STEM motivation (Diekman et al., 2017), future research should investigate consequences of backlash and incongruity in longitudinal studies. In addition, we compared two countries with similar gender segregation in STEM (e.g., Destatis, 2019; Gender Equality Bureau Cabinet Office, 2017), but different cultural orientations (self-construal, relational mobility; e.g., Markus and Kitayama, 1991; Thomson et al., 2018). To fully unfold the possible interplay of social roles, gender, and culture for women in STEM, future research should investigate a larger sample of countries with varying positions on the individualistic/post-materialistic vs. collectivistic/materialistic continuum (Yalcinkaya and Adams, 2020) as well as varying levels of gender inequality, as previous cross-cultural research conducted in different European countries (e.g., Italy, Norway, Poland, Spain, United Kingdom) has shown that the extent and consequences of gender stereotypes may be in part shaped by a country’s gender inequality (e.g., Castaño et al., 2020; Bedyńska et al., 2021; Moè et al., 2021).
Third, internal consistency of self-construal was low and relational mobility was not measured on the individual level, but varied in two scenarios. The inclusion of further scales to measure these cultural variables and further moderators and mediators (e.g., perceived goal conflict) could illuminate individual factors increasing women’s susceptibility to backlash and role/goal incongruity. Another possible mediator could be rejection sensitivity (Sato et al., 2014), which might explain why gender was more salient in the scenarios for some of the female participants.
Fourth, similar to many other cross-cultural studies, we were not able to establish full scalar invariance of the multi-item measures used in Study 3. The level of partial metric invariance was reached in that factor loadings of at least two items per construct were equal. This enabled us to test relationships between variables in path analysis. However, we note that intercepts were not equal between national subsamples and we therefore refrained from estimating latent variables in structural equation modeling.
Finally, the scenarios might have activated occupational stereotypes along with gender stereotypes. People–particularly men–in STEM are stereotyped to be “socially awkward” (Cheryan et al., 2013). Therefore, in addition to gender stereotypes, occupational stereotypes about social skills might have been activated. These stereotypes might have caused men to also expect backlash to their study major. Future research should therefore disentangle backlash due to gender and occupational stereotypes. As in the current study scenarios were limited to social interactions outside of STEM, it might be also worthwhile to investigate expected backlash effects in further scenarios that are related to the academic/work domain.
CONCLUSION
Factors explaining gender inequality in STEM are manifold. The present research adds to the literature by investigating social-psychological and cultural mechanisms to relatively low STEM motivation for women in Germany and Japan. A mixed-methods investigation of gender-science stereotypes confirmed negative stereotypes about women in STEM in both countries. Even though Germany and Japan differ in cultural orientations, the impact of stereotypes on gender segregation in STEM seems to be pervasive in both countries. Recent promising measures to reduce gender inequality do not focus on changing women’s individual predictors of STEM success, but rather investigate how STEM is stereotyped. As stereotypes are socially and culturally shared, cross-cultural research may further illuminate the social context of gender inequality in STEM.
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Substantial gender disparities in career advancement are still apparent, for instance in the gender pay gap, the overrepresentation of women in parttime work, and the underrepresentation of women in managerial positions. Regarding the developmental origins of these gender disparities, the current study examined whether children’s views about future career and family involvement were associated with children’s own gender schemas (gender stereotypes, gender identity) and parents’ career- and family-related gender roles. Participants were 142 Dutch families with a child between the ages of 6 and 12 years old (M = 9.80, SD = 1.48, 60% girls). The families had different compositions (1 parent, 2 parents, 1 to 3 children). Children completed a computer task assessing gender stereotypes about toys and questionnaires on gender identity (i.e., felt similarity to same- and other-gender children) and their views about future career and family involvement. Parents reported their occupation, work hours, and task division in the home, which were combined in a composite variable reflecting gender-typicality of career and family involvement. Generalized estimation equations were used to take into account dependency between family members. Results revealed that parents’, and especially mothers’, gender-typical career and family involvement was associated with children’s gender-typical views about future career and family involvement. In addition, children’s felt similarity to the same gender was associated with children’s gender-typical expectations about career and family involvement. These findings suggest that parents’ career, work hours, and task division in the home, together play an important role in how their children envision their future work and family roles. Children themselves also play an active role in developing this vision for the future by their own gender identity, specifically by how similar they feel to individuals of the same gender. To reduce gender disparities in the occupational and domestic domain, programs need to be designed that focus on parental role modeling in the family as well as children’s gender identity development.
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INTRODUCTION

Worldwide, substantial gender disparities in career advancement are still apparent, for instance in the gender pay gap (globally, women get paid approximately 20% less than men; International Labour Organization, 2019a), the overrepresentation of women in parttime work (25% of women compared to 10% of men, OECD, 2019), and the underrepresentation of women in managerial positions (<30%, International Labour Organization, 2019b). In addition, men’s involvement in the domestic sphere is clearly lacking behind the involvement of women (Croft et al., 2015). Men’s share of unpaid labor in the domestic sphere (i.e., childcare, household tasks) ranges from 22–38% in OECD countries (OECD, 2017b). Gender differences are also evident in the types of occupations men and women hold, with women being underrepresented in STEM fields (i.e., science, technology, engineering, mathematics) and men being underrepresented in fields such as health care and education (OECD, 2017a,b).

More gender equality in occupations, career advancement, and involvement in the domestic sphere is of utmost important for several reasons. First, a balanced engagement in both work and family roles is associated with increased general well-being in men and women (Grzywacz et al., 2008). Second, more gender-diversity in work teams improves team collaboration and performance (Bear and Woolley, 2011). Third, increased involvement of men in the domestic sphere reduces the burden on women, increases relationship satisfaction between partners (Stevens et al., 2001), and positively influences children’s cognitive development (Malin et al., 2014).

Early indications of gender differences in involvement with certain types of careers and family can be found in children’s gender-typical views about their future (Auger et al., 2005; Croft et al., 2014; Polavieja and Platt, 2014; Block et al., 2018). For instance, boys desired to become an athlete, mechanic, or soldier, whereas girls desired being an actor, hairdresser, or teacher (Polavieja and Platt, 2014). Girls also expected to be more family than career oriented in the future, whereas boys expected to be more career oriented than family oriented (i.e., gender-typical expectations about career and family involvement, Croft et al., 2014; Block et al., 2018). Importantly, longitudinal research shows that childhood career aspirations and expectations are linked over time with the actual attained careers of adults (Trice and McClellan, 1993; Mello, 2008; Lawson et al., 2018).

In order to further our understanding of gender disparities in involvement in career and domestic spheres, the current study examined whether children’s views about future career and family involvement were associated with children’s own gender schemas and parents’ gender-role behavior.


Children’s Gender Stereotypes and Identity and Their Views About Future Career and Family Involvement

This research is based on predictions from gender-schema theories about factors in the child itself that might contribute to children’s gendered views about their future career and family involvement (Bem, 1981; Martin and Halverson, 1987). According to gender-schema theories children play an active role in their own gender development via their gender schemas. Gender schemas are dynamic cognitive structures containing gender-related information that children develop and actively construct based on their own experiences with gender in the social environment. Gender-schema theories also predict that gender schemas provide social standards that guide children’s behavior and choices. Therefore, based on gender-schema theories, we broadly expect that children with strong gender schemas hold more gender-typed views about their career and family life. Gender schemas encompass different types of schemas (e.g., gender stereotypes, gender attitudes, gender identity, gender self-concept), but the common element is that they concern how people think about themselves and each other in terms of gender (Tenenbaum and Leaper, 2002). The current study focuses on the following gender schemas: gender stereotypes and gender identity. Our specific expectations for these gender schemas are discussed below.


Children’s Gender Stereotypes

First, children’s gender stereotypes might play a role in children’s views about the future. There is ample evidence that children’s gender stereotypes about STEM (science, technology, engineering, mathematics) or intellectual ability are linked to gender-typical educational and career choices and interests (Steffens et al., 2010; Cheryan et al., 2015; Bian et al., 2017; Master et al., 2017). Another, less studied, gender-stereotype domain that is relevant to examine in relation to children’s views about their future career and family life is the domain of toys. Strong gender stereotypes about toys have been associated with more gender-typed toy play in children (Weisgram, 2016) and the degree of gender-typed play in preschool has been found to predict adolescents’ gender-typed occupational interests 10 years later (Kung, 2021). No studies have been done yet, that directly link children’s gender stereotypes about toys to gendered visions of their future selves (Fulcher and Coyle, 2018). However, the congruence principle of gender schema theories assumes that congruence exists between personal gender stereotypes and behaviors (Martin and Dinella, 2012). Based on this principle, one could expect strong gender stereotypes to be associated with children’s preference for gender-stereotyped occupations and the development of gender-stereotyped beliefs about children’s future career versus family involvement.



Children’s Gender Identity

Gender identity is a multidimensional construct, which has recently been conceptualized as involving both a connection to one’s own gender as well as to the other gender (Martin et al., 2017). The dual-identity conceptualization has been found to be particularly useful for describing individual differences in the (relative) extent to which children report to feel similar to peers of their own biological gender group and to peers of the opposite binary gender group. While most children feel stronger similarity with peers of their own gender than with peers of the other gender, i.e., report a gender-typical identity (Martin et al., 2017), the dual-identity approach also acknowledges experiences of transgender youth who feel dissimilar to peers of their own biological sex and more similar to peers of the opposite sex (Olson and Gülgöz, 2018). Differences in children’s felt (relative) similarity to own and other gender peers have been related to children’s social-emotional adjustment, gender-typed behavior, and gender attitudes (Andrews et al., 2016; Martin et al., 2017). A few studies in child and adult samples found that stronger gender identity typicality is associated with more traditional (i.e., gender-typed) occupational interests and career choices (Leaper and Van, 2008; Patterson, 2012; Dinella et al., 2014). An explanation for this congruence between gender identity and behavior/interests, is that children are motivated to make their behavior consistent with the behavior of the group they identify with (Martin and Dinella, 2012). This motivation is fueled by feelings of anxiety and discomfort when one violates the gender stereotypes and roles associated with one’s gender identity (Akerlof and Kranton, 2000). Further research is needed into how a dual-identity conceptualization of gender identity is associated with children’s views about their future career as well as family life.




Parents as Models for Gender Roles

Social learning theories (Bandura, 1977; Bussey and Bandura, 1999) stress the importance of the social context in gender development. Central to these theories is the concept of observational learning and imitation of available models (especially same-gender models) in the child’s environment. In the family context, parents are models for future adult gender roles, for example, through the occupations they hold, the hours they work outside the home, as well as how they divide the tasks in the domestic sphere. By observing and imitating the differences between mothers and fathers in involvement with career and family, children will learn how males and females act which will shape their views about future career and family life. In addition, the modeling effect is supposed to be most likely for same-gender models because same-gender models provide information about what are appropriate behaviors for one’s own gender (Bandura, 1977). Children might therefore be more likely to model and internalize the occupations, work hours, and task division of same-gender parents in their anticipated career and family orientation.

Previous research indeed showed that different aspects of parents own career and family involvement (i.e., gender-typicality of occupation, work hours, task division at home) are associated with children’s views about future career and family involvement (Fulcher and Coyle, 2011; Croft et al., 2014; Polavieja and Platt, 2014; Platt and Polavieja, 2016; Oliveira et al., 2020). In general, these studies showed that more gender-typical engagement of parents with work and the family was associated with more gender-typical views about future career and family life in children. Yet, some studies did not find evidence for these associations (Fulcher, 2011; Croft et al., 2014). In addition, some studies demonstrated that the association between parents’ career and family involvement and children’s views about future career and family involvement was most salient in same-gender parent-child dyads (Fulcher and Coyle, 2011; Polavieja and Platt, 2014; Oliveira et al., 2020). Yet, there are also studies that did not find evidence for this same-gender modeling effect (Fulcher, 2011; Croft et al., 2014; Platt and Polavieja, 2016).

A possible explanation for the inconsistencies in previous research is that these studies did not examine the family as a system. Instead, in one study mother-child and father-child dyads were analyzed separately and siblings were treated as independent subjects (Croft et al., 2014). Other studies did not take into account dependency between mother and father in a family and/or focused on only one child in each family (Fulcher, 2011; Fulcher and Coyle, 2011; Polavieja and Platt, 2014; Oliveira et al., 2020). Such approaches fail to capture the richness of the family unit, reduce the overall statistical power as not all family members are included in a single analysis, and do not take into account dependency between family members. These issues can confound the effects that were found in previous research. The current study will therefore examine associations between children’s gendered views about future career and family involvement, children’s gender stereotypes and identity, and parents’ gender-role behaviors in the family as a whole.



Middle Childhood as an Important Period for Studying Correlates of Children’s Views About Future Career and Family Involvement

Middle childhood (usually defined as ages 6—12) is an important, yet understudied, period for children’s gender development (Schroeder and Bámaca-Colbert, 2019) and specifically for children’s gendered views about the future. In middle childhood, there are some indications that parental factors appear to be stronger predictors of career aspirations than children’s own gender schemas (Croft et al., 2014) or personal attributes (Polavieja and Platt, 2014). Importantly, gender-typed views about future career and family life seem to become more gender-neutral toward the end of middle childhood and into adolescence, particularly for girls (Sandberg et al., 1991; Auger et al., 2005). In addition, in middle childhood children begin to develop gendered self-concepts, with boys seeing themselves as less communal and more agentic than girls (Block et al., 2018). The importance of gender as part of the self-concept appears to increase into early adolescence and reduces into later adolescence (Montemayor and Eisen, 1977). These gendered self-concepts could explain gender differences in anticipated prioritization of family over career in the future (Block et al., 2018), enrollment in male- and female-dominated high-school programs (Tellhed et al., 2018), and choices for STEM careers (Eccles and Wang, 2016). Moreover, children’s gender stereotypes increase between age 3 to 5 (Halim et al., 2013), peak between age 5 to 7, and become more flexible during middle childhood (Trautner et al., 2005) and flexibility continues to develop into adolescence (Bartini, 2006). Finally, after being able to identify one’s own gender around age 3, and an understanding of gender constancy at 6–7 years of age, in middle childhood children develop a more complex and multidimensional gender identity (Halim and Ruble, 2010). All these developments make middle childhood an appealing setting for studying predictors of children’s gendered views about their future life.



Current Study: Research Questions and Hypotheses

In sum, the current study employed a family-systems approach to examine child and family correlates of children’s (6–12-year-old) views about their future career and family involvement. Correlates at the child level consisted of gender stereotypes about toys and gender identity. Correlates at the family level consisted of the gender-typicality of mothers’ and fathers’ occupation (i.e., the proportion of same-gender individuals that work in a certain occupational domain), work hours (i.e., mothers working parttime, fathers working full-time), and task division at home (i.e., degree to which mothers are more responsible for household and child-care tasks than fathers). The following hypotheses were tested:


(1)Children with strong gender schemas (i.e., traditional gender stereotypes about toys, gender-typical identity) hold more gender-typical views about one’s future career and family involvement.

(2)Gender-typicality of parents’ occupations, work hours, and task division at home is associated with more gender-typical views about future career and family involvement of children.

(3)Associations between gender-typicality of parents’ occupations, work hours, and task division at home on the one hand, and children’s gender-typical views about career and family involvement on the other hand, are more salient in same-gender dyads than in mixed-gender dyads.






MATERIALS AND METHODS


Participants

Student assistants (BA and MA students in Clinical, Child, Family, and Education studies at Utrecht University) used their personal networks to recruit Dutch families with at least one child between the ages of 6 and 12 years old for this study. Families were contacted via information letters (provided in-person or via e-mail). The student assistants recruited 142 families. Recruitment and data collection took place between September 2018 and June 2021. The only exclusion criterion was not being able to understand or read Dutch instructions.

From each participating family, one parent (n = 36) or two parents (n = 106) participated. In total, 139 mothers and 108 fathers participated. Regarding the number of participating children per family, in about half of the families (55%, n = 78) only one child was between the ages of 6–12. In 42% (n = 60) of families two children were in the target age range, and in 3% (n = 4) of families three children were in the target age range. Table 1 presents the background characteristics of this sample. Generally, the majority of the parents in the sample were highly educated.


TABLE 1. Sample characteristics.
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Procedure

Families were visited at their home by the student assistant who recruited the family. Participants provided written informed consent for their participation at the beginning of the home visit. Each family member subsequently completed questionnaires and a computer task (see section “Instruments”) via LimeSurvey on a laptop or desktop (duration: approximately 15 min). Parents completed the questionnaires and computer task independently by following the instructions that were presented to them in the LimeSurvey environment. Children completed the questionnaires and computer task under supervision of the student assistant who gave the child verbal instructions. Families received no compensation for their participation. The Ethics Committee of the Faculty of Social Sciences at Utrecht University approved the study (number FETC18-097).



Instruments


Children’s Views About Future Career and Family Involvement

Two aspects of children’s views about one’s future career and family involvement were measured. First, to assess the gender-typicality of children’s desired future career, children were asked the following question: “What do you want to be when you grow up?” Children’s free responses to this question were coded for gender-typicality of the desired career/occupation. Therefore, we used Dutch Central Bureau of Statistics (CBS), 2021 data that provides information on the proportion of men and women in an extensive list of occupations. The proportion of women or men (depending on the child’s gender) in a certain occupation that corresponded with the occupation mentioned by the child was used for our analyses. Higher scores (>0.50) indicated more gender-typicality of a certain occupation, lower score (<0.50) represent more gender-atypical occupations. When children indicated multiple occupations, the proportions were averaged. In case children answered the question with “I don’t know” (or something similar) a proportion of 0.5 (i.e., neutral score) was used for this child.

Second, to assess children’s expectations about relative future involvement with career versus family, children were presented with two own-gender individuals and a description of their career and family life (Croft et al., 2014, see Supplementary Figure 1 for an example). For each pair of individuals (i.e., two pairs were used), a person who worked full time was contrasted with a person who stayed at home caring for the children. Children were asked to indicate for each pair of individuals who they think they will be more like when they are grown up. They rated their similarity on a 5-point scale (1 = most similar to career-oriented target, 2 = a bit more similar to the career-oriented target, 3 = equally similar to both targets, 4 = a bit more similar to the family-oriented target, 5 = most similar to the family-oriented target). Scores were recoded separately for boys and girls and averaged over the two items, in such a way that higher average scores indicated gender-typical expectations of family versus career involvement (i.e., for boys more involvement with career than with family, for girls more involvement with family than with career).



Child Gender Stereotypes About Toys

Children completed a computer task (action inference paradigm; Endendijk et al., 2013) to assess gender stereotypes about toys. The validity of this task to assess gender stereotypes about toys in parents and children has been demonstrated (Endendijk et al., 2013). Participants were asked to divide toys (see Supplementary Table 1 for a list of toys used) between two fictitious children as quickly as possible, by means of pressing one of two keys on the keyboard (“e” or “i”) that were assigned to each child. Pictures of the two children (full color) were presented constantly in the left- and right-hand upper corners of the computer screen. Each full-color toy was presented in the middle of the screen until the participant hit the response key, after which the next full-color toy emerged on the screen.

The task started with a practice block (20 trials) in which red and blue presents had to be divided between two gender-neutral children (could be labeled as both a boy or a girl), followed by two stereotype-congruent blocks and two stereotype-incongruent blocks (17 trials in each block). In the congruent blocks, participants were instructed to assign stereotypically feminine toys (e.g., doll) to a girl and stereotypically masculine toys (e.g., car) to a boy. In the incongruent blocks, participants were instructed to assign stereotypically feminine toys to a boy and stereotypically masculine toys to a girl. To reduce order effects of the presentation of congruent and incongruent blocks (Nosek et al., 2005), the two congruent blocks alternated with the two incongruent blocks (i.e., congruent-incongruent-congruent-incongruent) so that participants made each possible switch between congruent and incongruent blocks. Participants were given a rest period between each block of self-determined length (instructions for the next block were provided in this rest period as well).

The Action Inference Paradigm (AIP) is similar in design to the widely used Implicit Association Test (IAT), as in both tasks a prepotent response tendency (e.g., sort stimuli in a stereotype-consistent way) may either facilitate or interfere with the response required in the task, which in turn influences the speed and accuracy of participants’ responses. The main difference between the IAT and AIP is that in the AIP participants must sort only one type of stimuli (e.g., toys) between two categories, whereas in IATs two types of stimuli (e.g., concepts, such as male and female names, and attributes, such as career and family words) must be sorted between two categories, which might be more difficult for children.

The improved scoring algorithm of Greenwald et al. (2003) was used to determine the level of gender stereotypes of the participant. More details about the scoring can be found in the Supplementary Material. In short, the gender stereotype score calculated with this algorithm reflects the difference in response latencies between stereotype-incongruent blocks and stereotype-congruent blocks (divided by the pooled SD of response latencies across all trials). Higher scores indicate stronger stereotypical ideas about the appropriateness of certain toys for girls and boys.



Child Gender Identity

Children completed a dual gender identity questionnaire developed and validated by Martin et al. (2017). Participants answered 10 questions regarding how similar they felt to both boys and girls (e.g., “How similar do you feel to [boys/girls]?”) using a graphical response scale with circles indicating the level of similarity. Participants answered questions about similarity in five domains: general similarity, behavior, appearance, activities, spending time together. Responses ranged from 0 (circles farthest apart) to 4 (overlapping circles). Separate composite scores were created for the 5 items reflecting similarity to the same-gender group and for the 5 items reflecting similarity to the other-gender group. Higher average scores on these scales reflect more similarity. Reliability of the two scales was good (Cronbach’s alpha = 0.85, 0.82, for respectively same-gender and other-gender similarity).



Gender-Typicality of Parents Career and Family Involvement


Parents’ Occupation

Parents were asked to report their current occupation. Their responses to this question were coded for gender-typicality the same way as we coded children’s aspired occupations, by using CBS data. Twenty percent (n = 100) of the total number of reported careers by parents and children were double coded independently by the first and second authors. The intraclass correlation coefficient (ICC = 0.90) demonstrated excellent coder reliability across this subset of careers. The first author coded the remainder of the careers.



Parents’ Work Hours

Parents were asked to report their working hours (i.e., for paid work) per week. Mothers’ work hours were inversed (maximum work hours of mothers in this sample subtracted from each mother’s work hours) so that higher scores represented more traditional work behaviors (i.e., working less hours outside the house).



Parents’ Task Division in the Home

Parents filled out a 15-item questionnaire on their perception of the division of labor regarding small household tasks (e.g., buying groceries, cooking dinner, cleaning) and child-care tasks (e.g., bring children to bed, bathe children, bring children to school) during the past week (Endendijk et al., 2018). Parents could answer on a five-point scale (1 = I exclusively/almost exclusively performed this task, 5 = my partner exclusively/almost exclusively performed this task). Scores on the 15 items were recoded and averaged in such a way that mean scores around 3 represent an egalitarian task division, scores above 3 represent more maternal involvement in the family and scores below 3 represent more paternal involvement in the family. Reliability of this scale in the current study was good (Cronbach’s alpha = 0.86). Single parents (n = 6) were also asked to complete this questionnaire. There was variation in their mean scores (range = 1.67–5.00). We checked whether exclusion of these families influenced our results, but this was not the case. Therefore, we decided to keep these families in our sample.



Creation of Composite Gender-Typicality Variable

Following Fulcher and Coyle (2011), we combined gender-typicality of parents’ occupation, work hours, and task division in one aggregate variable. First, scores on each variable were recoded in such a way that higher scores reflected more gender-typicality (e.g., more gender-typical occupation, higher paternal work hours, lower maternal work hours, more maternal involvement with small-household and child-care tasks). Second, recoded scores for each variable were standardized into Z-scores and subsequently averaged to create a variable reflecting gender-typicality of parents’ career and family involvement. This approach would reduce the number of predictors entered in further analyses. Results of analyses on separate career (work hours, occupation) and family (task division) variables are presented in the Supplementary Material (Supplementary Tables 2, 3, effects are in the same direction but are no longer significant, p-values between 0.105 and 0.173).





Analyses

Generalized Estimating Equations (GEE) were used to analyze the data (Homish et al., 2010) in SPSS (version 24). GEE models are regression-based models that can take into account dependency between variables, such as in family data (Homish et al., 2010). GEE models are more flexible for missing data compared to other models (Zeger et al., 1988) and are therefore suitable for our family data with different family compositions. In addition, in case of a small number of observations in each cluster (i.e., sparse data) GEE is a more robust alternative to multilevel modeling (McNeish, 2014). The family data in the current study could be considered as sparse data because the number of observations per family (i.e., family members) ranged from two to five. Other advantages of GEE over multilevel models include easier model computation and interpretation, more robustness to model misspecification, and no need to model random effects that are not of interest for the research question (McNeish et al., 2017). GEE has been applied to analyze family data in samples ranging from as small as 47 families (Abraham et al., 2021) up to 191 families (Rossen et al., 2018).

Two separate GEEs were conducted, one for children’s desired future career and one for children’s expectations about future career and family involvement. Each model included main effects for children’s gender stereotypes and gender identity (similarity to same- and other gender), and gender-typicality of parents’ career and family involvement. In addition, we added a two-way interaction between parent gender and gender-typicality of parents’ career and family involvement. This allowed for testing whether associations between gender-typicality of parents’ career and family involvement and children’s views about future career and family involvement were driven primarily by mothers or fathers. Finally, we added a two-way interaction between gender-composition of the parent-child dyad (same-gender vs. mixed-gender) and gender-typicality of parents’ career and family involvement. This enabled testing whether the associations between gender-typicality of parents’ career and family involvement and children’s views about future career and family involvement were stronger for same-gender dyads. The GEE models were specified with a Gaussian distribution with an identity link for each family, as the dependent variables were continuous (Homish et al., 2010). An exchangeable correlation structure was considered to be most appropriate for the family data (Homish et al., 2010; McNeish et al., 2017). Robust standard errors (Hubert/White Sandwich Estimators) were computed to ensure valid estimations even in case of a mis-specified correlation structure. Parameter estimates were presented as regression coefficients, so that the analyses could be interpreted the same as general linear regression models. For each analysis, we determined which covariates needed to be included based on the change-in-estimate method, >5% change criterion (Rothman et al., 2008).




RESULTS


Descriptive Statistics

Tables 2, 3 display descriptive statistics and correlations for all study variables, for children and parents separately. All variables approached a normal distribution. Several outliers were identified (gender stereotypes: n = 2, other-gender similarity: n = 2, task division: n = 2). These outliers were winsorized (highest non-outlying number + difference between highest non-outlying number and before highest non-outlying number; Tabachnick and Fidell, 2012).


TABLE 2. Descriptive statistics of child study variables.
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TABLE 3. Descriptive statistics of parent study variables.
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As can be seen in Table 2, for children, same-gender similarity was significantly associated with more gender-typical expectations about future career versus family involvement. Same-gender similarity was negatively associated with other-gender similarity. More other-gender similarity was associated with less strong gender stereotypes about toys. None of the other child variables were significantly correlated. Independent t-tests were conducted to examine gender differences on the child variables. First, the proportion of women in girls’ desired careers (M = 0.59, SD = 0.20) was significantly higher than the proportion of women in boys’ desired careers [M = 0.41, SD = 0.20, t(208) = 6.54, p < 0.001]. Boys were thus more likely to desire careers in which men were overrepresented, whereas girls were more likely to desire careers in which women were overrepresented. Second, girls expected more gender-typical family versus career involvement (M = 3.29, SD = 0.82) than boys [M = 2.85, SD = 0.79, t(208) = 3.85, p < 0.001]. Girls also reported more other-gender similarity (M = 2.28, SD = 0.76) than boys did [M = 1.88, SD = 0.77, t(208) = 3.70, p < 0.001]. However, boys reported more same-gender similarity (M = 4.16, SD = 0.76) than girls did [M = 3.88, SD = 0.94, t(201.04) = −2.38, p = 0.018]. There was no gender difference in children’s gender stereotypes [t(208) = −0.81, p = 0.418] (i.e., boys and girls did not differ in response latencies to stereotype-inconsistent versus stereotype-consistent trials in the task assessing gender stereotypes about toys).

As can be seen in Table 3, for fathers, there were significant associations in the expected direction between work hours, task division, and gender-typicality of their career. For mothers, more work hours were associated with a less traditional task division as well as a less gender-typical career. An independent t-test on the proportion of women in the occupations that fathers and mothers reported themselves to be in, revealed that mothers reported occupations with a higher proportion of women (M = 0.63, SD = 0.20) than fathers [M = 0.32, SD = 0.23, t(208,76) = 11.28, p < 0.001].

As all the correlations between the independent variables in Tables 2, 3 were below 0.70, there were no issues with multi-collinearity in further analyses.



Predictors of the Gender-Typicality of Children’s Desired Future Career

Table 4 displays results for the final GEE model for children’s gender-typical desired future career. Only parents’ gender-typical career and family involvement was associated with the gender-typicality of children’s desired career. Children’s gender stereotypes about toys and same- and other-gender similarity were not related to children’s desired career. Regarding the covariates, younger child age and older parental age were associated with more gender-typical desired careers.


TABLE 4. Generalized estimation equations predicting gender-typicality of children’s desired career from children’s gender identity, stereotypes, and parents’ gender-typical career and family involvement.
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The additional interaction between parent gender and parents’ gender-typical career-family involvement was not significant (B = −0.001, SE = 0.01, 95% CI = −0.02, 0.02, Wald = 0.002, p = 0.962). This indicated that the association between parents’ gender-typical career-family involvement and children’s desired future career was not driven primarily by mothers or fathers. The additional interaction between gender composition of the parent-child dyad and parents’ gender-typical career-family involvement was not significant (B = −0.01, SE = 0.02, 95% CI = −0.04, 0.02, Wald = 0.15, p = 0.704). This indicated that the association between parents’ gender-typical career-family involvement and children’s desired career was not different for same-gender and other-gender parent-child dyads.



Predictors of the Gender-Typicality of Children’s Expectations About Future Career and Family Involvement

Table 5 displays results for the final GEE model for children’s gender-typical expectations about involvement with career and family. More same-gender similarity in children was associated with more gender-typical expectations about involvement with career and family. Children’s gender stereotypes about toys and other-gender similarity were not related to children’s gender-typical career-family expectations. Regarding the covariates, being a girl and younger child age were associated with more gender-typical expectations about future career and family involvement.


TABLE 5. Generalized estimation equations predicting children’s gender-typical expectations about future career and family involvement from children’s gender identity, stereotypes and parents’ gender-typical career and family involvement.
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In addition, the interaction between parent gender and parents’ gender-typical career-family involvement was significant (B = 0.10, SE = 0.05, 95% CI = 0.01, 0.19, Wald = 4.49, p = 0.034). This indicated that only mothers’ gender-typical career and family involvement was associated with children’s gender-typical expectations about future career and family involvement.

The additional interaction between gender composition of the parent-child dyad and parents’ gender-typical career-family involvement was not significant (B = −0.05, SE = 0.07, 95% CI = −0.19, 0.10, Wald = 0.38, p = 0.536). This indicated that the association between parents’ gender-typical career-family involvement and children’s expected career-family involvement was not different for same-gender and mixed-gender parent-child dyads.




DISCUSSION

This study was conducted to examine whether children’s views about future career and family involvement were associated with children’s own gender stereotypes and identity as well as parents’ gender-typical career and family involvement. Results revealed that parents’, and especially mothers’, gender-typical career and family involvement was associated with children’s gender-typical views about their future career and family life. In addition, children’s felt similarity to the same gender as well as mothers’ gender-typical career and family involvement were associated with children’s gender-typical expectations about their future career and family involvement. Children’s gender stereotypes about toys were not related to children’s views about future career and family involvement. Finally, associations between parent’s gender-typical career and family involvement and children’s views about their future were not different between same-gender and mixed-gender parent-child dyads.

Our findings for children’s gender identity provide some support for gender-schema theories’ prediction that gender schemas provide social standards that guide children’s behavior and choices (Bem, 1981; Martin and Halverson, 1987). Children with strong gender schemas, for example because they felt high similarity to same-gender peers, in this study indeed held more gender-typical expectations about future career and family involvement but did not desire a more gender-typical career. An explanation for the congruence between the level of same-gender similarity and children’s gender-typical expectations about their career and family involvement, is that children are motivated to make their behavior consistent with the behavior of the group they identify with (Martin and Dinella, 2012). That desired career was not linked with children’s gender identity might be because children in middle childhood children still have limited knowledge of the gender typicality of occupations (Gottfredson, 2002). Our findings extend previous research linking higher gender-typicality to more traditional occupational interests and career choices (Leaper and Van, 2008; Patterson, 2012; Dinella et al., 2014), by showing that gender identity aspects also relate to expectations about future involvement in the domestic sphere.

Unexpectedly, children’s gender stereotypes, specifically in relation to toys, were not related to their views about their future career and family involvement. It could be that the link between children’s gender stereotypes about toys and children’s views about their future is too indirect to be found without also examining possible underlying mediating factors. For instance, gender stereotypes about toys have been associated with gender-typed toy play (Weisgram, 2016) which in turn has been associated with adolescents’ gender-typical occupational interests (Kung, 2021). Future research could examine this mediational process. The lack of associations with children’s gender stereotypes about toys might also be due to our measure including both toys that have a clear link with the domestic sphere (e.g., baby dolls, toy kitchen) or the career sphere (e.g., fire truck, tools), as well as toys that are less directly linked to these domains (e.g., pirate costume, princess costume). Our measure consisted of too few trials to examine the effect of toy type. Future research could examine whether children’s gender stereotypes about toys with clear links to the career or domestic spheres are related to their views about future career and family involvement.

We also found some evidence for the role modeling prediction from social learning theory (Bandura, 1977; Bussey and Bandura, 1999). It appears that parents’, and especially mothers’, gender-typical career and family involvement are associated with children’s views about future career and family life. Our findings demonstrate that previously found associations between parents’ work- and family-related gender roles and children’s career and family aspirations (Fulcher and Coyle, 2011; Croft et al., 2014; Polavieja and Platt, 2014; Oliveira et al., 2020) also hold in a family-systems context. In the current study parents could provide a model for traditional gender-role behavior by working in a career domain with a high percentage of same-gender peers, when mothers worked few hours outside the home, when fathers worked many hours outside the home, and when mothers were more responsible than fathers for household and childcare tasks. By observing such traditional gender roles in the career and family involvement of their parents, children will learn how males and females act, which will shape their views about their future career and family life. An explanation for why especially mothers’ work- and family-related gender roles were important for children’s expectations about career versus family involvement could be that especially mothers might provide a model for balancing work and family roles. Indeed, mothers have been found to experience more work-family conflict than fathers (Shockley et al., 2017).

No support was found for the same-gender modeling hypothesis of social learning theory (Bandura, 1977; Bussey and Bandura, 1999). Previous research also produced mixed findings regarding same-gender modeling of parents’ career and family involvement (Fulcher, 2011; Fulcher and Coyle, 2011; Croft et al., 2014; Polavieja and Platt, 2014; Oliveira et al., 2020). In the current study the associations between parents’ gender-typical career and family involvement and children’s views about future career and family involvement, were not more salient in same-gender dyads than in mixed-gender dyads. It appears that fathers and mothers are important role models for both boys and girls. This might not be surprising as mothers’ and fathers’ gender roles in a family are closely interrelated (Oláh and Neyer, 2021). For instance, when one parent increases their work hours, the other parent is likely to compensate for the reduced involvement in the family (Hook, 2006; Fox, 2009). So, it might actually be the combination of mothers and fathers work in and outside the family that conveys messages to children about how men and women balance work and family responsibilities and that shapes children’s views about future career and family life.

A final noteworthy finding is that we found correlational evidence for a possible developmental process implicated in children’s views about their future selves, as older child age was associated with less gender-typical views about career and family. This finding fits with previous research demonstrating that children’s gender stereotypes become more flexible and less rigid over time (Trautner et al., 2005). In addition, this finding is noteworthy because it could imply that children’s views about their future career and family involvement might over time become less congruent with their gender identity or their parents’ career and family involvement (assuming that the latter two factors remain relatively constant over time). This hypothesis remains to be tested longitudinally, as well as how children experience or resolve this increasing incongruence.

Even though our study is strong in terms of the family-systems approach and the use of mixed methods (i.e., computer task, parent-report, child-report), our findings must be viewed in light of some limitations. First, because of the correlational design of this study, we were not able to determine the direction of effects in the association that were found. More longitudinal research is now necessary to unravel the gendered developmental processes underlying the career decision making process. Second, our sample size was too small to optimally utilize the dual gender identity approach by examining how different gender-identity typologies are related to children’s gender-typical views about career and family involvement. Third, even though we, and previous studies (e.g., Croft et al., 2014), found relevant associations with children’s expected future involvement with career and family, the measure used to assess children’s expectations only consisted of 2 items. Future research could extend this measure to assess children’s gendered expectations for the future in a more multi-faceted way. Finally, a convenience sampling method was used, which resulted in a sample that was more highly educated than the population.

In sum, this family-systems study demonstrated that parents’ own career, work hours, and task division in the home, together play an important role in how their children envision their future work and family roles. This suggests that intergenerational transmission plays a role in the perpetuation of gender disparities in the occupational and domestic domain. Children themselves also play an active role in developing this vision for the future by their own gender identity, specifically by how similar they feel to individuals of the same gender. A practical implication of these findings is that parents need to be made aware of the roles their own gender-role behavior, as well as their children’s gender identity, play in the career decision making process of their children. For boys and girls to make career decisions that fit with their interests and competencies, instead of their gender or their parents’ gender roles, parents could encourage children to explore a wide range of career and educational options. In addition, programs and policies could stimulate more equality in parental gender roles as well as children’s felt similarity to people of both genders, in order to reduce gender disparities in the occupational and domestic domain.
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Despite progress, gender gaps persist in mathematical and language-related fields, and gender stereotypes likely play a role. The current study examines the relations between parents’ gender-related beliefs and their adolescent child’s motivation and career aspirations through a survey of 172 parent-child dyads. Parents reported their gendered beliefs about ability in mathematics and language arts, as well as their prescriptive gender role beliefs. Students reported their expectancies and values in these two domains, as well as their career aspirations The results of path models suggested that parents’ ability stereotypes about language boosted girls’ motivation for language arts, thereby nudging them away from STEM pathways. Girls’ career aspirations stemmed not only from their valuation of the corresponding domain, but also from their valuation of competing domains. Such findings highlight the need to consider multiple domains simultaneously in order to better capture the complexity of girls’ career decisions. For boys, parents’ language ability stereotypes were directly related to mathematical career aspirations. These results suggest that stereotypes that language arts is not for boys push them instead toward mathematics. Our study also highlighted the unique role of parental beliefs in traditional gender roles for boys’ motivation and career aspirations. Specifically, parents’ gender role stereotypes directly related to less interest in language arts only among boys. This highlights that research into gender gaps in female-dominated fields should consider stereotypes related to appropriate behavior and social roles for boys.
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INTRODUCTION

Despite efforts to reduce gender gaps in science, technology, engineering, and mathematics (STEM) fields, women remain underrepresented in STEM careers (Wang et al., 2013; Simon et al., 2016). Contrastingly, men’s underrepresentation in female-dominated fields such as those related to language has remained pronounced and stable over time (Croft et al., 2015). These gender imbalances are problematic, as these fields may not adequately benefit from the contributions of the most competent and interested individuals of all genders. Considering the economic and societal importance of this skewed gender representation, decades of research has focused on understanding the reasons for gendered preferences and aspirations, mostly in STEM domains (e.g., Hyde et al., 1990; Eccles, 1994). Although gender differences in career aspirations are certainly complex and influenced by diverse factors, it is now well-established that social factors play a key role (Hyde, 2014; Olsson and Martiny, 2018; Froehlich et al., 2020).

In accordance with such results, the social cognitive perspective (Bandura, 1977) proposes that gendered interests and aspirations are largely rooted in the social context. In particular, parents, as important socializers, play a crucial role in students’ education and development (Šimunović and Babarović, 2020). Their socializing role may also manifest through their attitudes and cultural values, such as those reflected by their gender stereotypical beliefs (Tomasetto et al., 2015). Though such beliefs may be important for shaping students’ interests throughout their schooling (Muntoni and Retelsdorf, 2019), they might be particularly important when adolescents need to make decisions about their future and choose between multiple programs. During that time, students may be especially likely to seek the approval and guidance of their parents. Parents’ feedback regarding their son’s or daughter’s career decisions could be colored by the parent’s stereotypical beliefs. For example, subtle messages from parents such as “it’s tough for women in science” or “you’ll be the only boy in your literature program” could have large downstream consequences for students’ career decision-making.

The current research seeks to examine the role of parents’ stereotypes during the final year of high school, just before students decide to either pursue a stereotypical field (e.g., mathematics for boys) or a counter-stereotypical field (e.g., communication and literature for boys) after graduation. In addition, contrary to most research that relies exclusively on student reports, the current work combines parents’ actual self-reported beliefs with students’ self-reported motivation and aspirations in the two stereotypical domains of mathematics and language arts. These two domains are particularly relevant to study because they typically receive the greatest curricular emphasis and instructional time throughout mandatory schooling in most Western countries, including the province of Quebec (e.g., Education Act of Quebec, 2000; Department for Education, 2014).



THEORETICAL FRAMEWORK


Situated Expectancy-Value Model

Decades of research have shown the usefulness of expectancy-value theory (EVT) to predict important outcomes such as career and educational aspirations (Eccles and Wigfield, 2020). According to EVT (Eccles, 1994, 2011), these outcomes stem most directly from two factors: students’ expectancies of success in a given domain, and the value that they place in the domain. The expectancy component refers to the individual’s self-efficacy and perceived competence, whereas the value component refers to how much they feel a task is important, worthwhile, and interesting (Wigfield and Eccles, 2000). Expectancies and values, in turn, are predicted by social and contextual influences. The most recent version of the expectancy-value model, labeled the Situated Expectancy-Value Theory (SEVT; Eccles and Wigfield, 2020), specifies that the proximal and distal aspects of the model are situation-specific and also culturally bound. In this way, the choices a student considers in a given situation are likely to be constrained by cultural values. Another feature of the SEVT is that it underlines the importance of considering both between-subjects differences and within-subjects factors to understand educational choices. Applied to choices to pursue stereotypical or counter-stereotypical career pathways, such a framework accounts for which individual factors lead students to prioritize among different domains as well as for differences between students based on factors such as gender. In the current work, we look at how parents’ stereotypical beliefs shape students’ individual motivation and career aspirations in the two main school domains, namely mathematics and language arts. In addition, the study compares whether these relationships differ across genders, thereby accounting for the between-person aspect of SEVT.



Parents as Transmitters of Gender Stereotypes

Parents transmit a diversity of attitudes and cultural values to their child, including gender stereotypes. In particular, different types of parental stereotypes may contribute to gender gaps in career choices and occupations. One of the most obvious forms of stereotyping relates to explicit beliefs alleging a male or female ability-superiority in domains such as mathematics and language arts (Martinot and Désert, 2007; Plante et al., 2009). In addition to such domain-specific ability stereotypes, parents may also hold stereotypical beliefs about what roles men and women should occupy in society. Specifically, such gender role beliefs may translate into conceptions that men should seek status and avoid feminine activities, or that women tend to be emotional and dependent (Sobiraj et al., 2015; Levant et al., 2017). Therefore, beyond stereotypes about ability in different domains, which are likely to affect boys’ and girls’ self-concepts in these domains, gender role beliefs may have implications for the types of occupational interests parents encourage or discourage, and thus make a unique contribution to students’ values and aspirations toward stereotypical or counter-stereotypical domains.

Empirical work on the links between parents’ gender stereotypical beliefs and students’ outcomes has found that parents tend to see STEM subjects as more suitable for boys, and such beliefs are known to influence both boys’ and girls’ self-perceptions in mathematics and later career choices (Bleeker and Jacobs, 2004; Tomasetto et al., 2015). However, despite the fact that stereotypes associating language arts with girls are widespread in society and consistently endorsed by students (Plante et al., 2009; Chaffee et al., 2020), parental stereotypes in this domain remain understudied. One of the few studies investigating parents’ gender-ability stereotypes in language arts found that, as expected, boys’ expectancies and values for reading were negatively predicted by parents’ stereotypes of female advantage in reading (Muntoni and Retelsdorf, 2019).

In addition, research about parents’ gender role stereotypes and students’ career aspirations has offered mixed results. Specifically, although students’ own gender role beliefs have been linked to motivation and aspirations, especially among boys (van der Vleuten et al., 2016; Forsman and Barth, 2017; Chaffee et al., 2020; Mastari et al., 2021), Halpern and Perry-Jenkins (2016) found no significant longitudinal association between parents’ gender role beliefs and their child’s gender-stereotypical occupational aspirations. In contrast, Croft et al. (2014) found that fathers’ domestic gender role beliefs predicted daughters’—but not sons’—career aspirations in stereotypical domains. Such inconsistencies might be the result of differences in how gender role stereotypes relate to different school domains. For instance, McFadden et al. (2020) observed that parental gender role beliefs were more predictive of outcomes in mathematics than language arts. Although these researchers attributed their results to relatively stronger cultural mathematics than language arts ability stereotypes, such an interpretation is inconsistent with findings showing the reverse pattern (e.g., Plante et al., 2019). On the whole, these mixed results involving domain- and gender-differences highlight the need to examine how parents’ stereotypes can translate into their child’s motivation and career aspirations in multiple stereotyped school domains.



The Present Study

To fill this gap, the present study simultaneously considers parents’ gender role beliefs and ability stereotypes. Specifically, in relying on a dyadic design including both parent and student reports to test the preregistered1 model pictured in Figure 1, this study aims to develop a more complete understanding of how parents’ stereotypical beliefs may influence students’ motivation and decision to pursue a typical or atypical field. Another original aspect of this research is that it includes two domains that have been traditionally stereotyped as more appropriate for male (mathematics) or female (language arts) students. Such a design will help us to determine whether parents’ gender stereotypes have distinct implications for boys’ and girls’ gendered aspirations.
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FIGURE 1. Hypothesized model.


We expect that parents’ beliefs will relate to students’ expectancies and task values for mathematics and language arts, and in turn that these motivational variables will predict students’ career aspirations in these two domains. Because each domain is stereotyped in a different direction, it is expected that parents’ traditional stereotypes in mathematics (i.e., stereotypes positing a male advantage), as well as their traditional gender role beliefs, will have a positive relation with their sons’ mathematics expectancies and values, but a negative relation with their daughters’ mathematics expectancies and values (hypothesis 1). The opposite pattern is expected for language arts, a domain that is traditionally associated with girls (hypothesis 2). In addition, because some prior work found direct links between gender role beliefs and career aspirations (Croft et al., 2014), we also expect that parent gender role stereotypes will directly relate to more gender-traditional career interests (hypothesis 3). It is also expected that the links between gender role stereotypes, motivation, and outcomes may be stronger among boys than among girls (hypothesis 4). This hypothesis is based both on previous research showing that gender norms for boys tend to be more restrictive than those for girls (Lytton and Romney, 1991; Sullivan et al., 2018), as well as on research in precarious masculinity theory. This theory suggests that masculinity is a precarious status but femininity is more stable, and that men are consequently more sensitive to gender prototypicality threats than women (Bosson and Michniewicz, 2013; Vandello and Bosson, 2013). For ability stereotypes, no specific gender differences are predicted in the strength of their relations with other variables.




MATERIALS AND METHODS


Participants and Procedures

This study was conducted using a subsample of 170 parent-child dyads from a larger study of students in their final year of high school. Students (60.6% girls, Mage = 16.15, SD = 0.45) and their parent (81.8% mothers, Mage = 48.03, SD = 5.81) completed questionnaires at the beginning of the school year. In four cases in which two parents completed the questionnaire for the same student, one parent was retained for analysis at random. Students were enrolled in public (35.5%) or private (64.7%) francophone schools in the metropolitan region of a large Canadian city. Almost half the students were enrolled in a regular, non-selective school track (49.4%), 11.7% were in other non-selective programs such as arts or physical education programs, and 31.8% were in enriched selective school tracks that included advanced mathematics instruction. Students from all school tracks and programs were enrolled in daily mathematics and language arts courses. Approximately two-thirds (67.1%) of students reported their ethnicity as white or European, 10.6% as multiethnic, 5.9% as Middle Eastern or North African, 4.7% as South or Southeast Asian, 4.1% South American or Latinx, 4.1% Caribbean. Other ethnicities were reported by fewer than 5 students each. A majority of both students (82.6%) and parents (70%) reported having been born in Canada.

Students completed the questionnaires in their mathematics or language arts classrooms during regular school hours. Teachers were present during the questionnaire administration, but were asked to remain at their desks so they would not see students’ responses. Research assistants read the consent forms and questionnaire items aloud to students. Students were provided with flyers, paper questionnaires, and addressed stamped envelopes to take home to their parents. Parents were invited to participate on their own time, either online via LimeSurvey or using the paper questionnaires provided to students. Parent and student participants were each offered a $10 honorarium to compensate their participation, with students’ honoraria being provided to their teachers to fund a reward for the class.



Materials


Parent Ability Stereotypes

Parents reported their stereotypes about gendered ability in mathematics and language arts using a short version of the scale initially developed by Leder and Forgasz (2002) and adapted into French by Plante (2010). For each domain, the current measure included ten items separated into two subscales: a Male Domain scale measuring stereotypes of boys (“Boys are naturally better in mathematics/language arts”), and a Female Domain scale measuring stereotypes of girls (“Girls are naturally better in mathematics/language arts”). For each item, parents responded on a scale from 1 (strongly disagree) to 5 (strongly agree). In accordance with previous work using this measure, difference scores were calculated to reflect parents’ traditional gender stereotypes in each domain. In mathematics, the subtraction [Male Domain – Female Domain] was performed for each item, whereas in language arts, the subtraction [Female Domain – Male Domain] was computed. For each domain, a higher score indicated a stronger mathematics-male or language arts-female stereotype. Internal consistency for the final scale in each domain (based on the difference scores) was high (ωmathematics = 0.85; ωlanguage arts = 0.84).



Parent Gender Role Stereotypes

The measures of parents’ gender role beliefs comprised three subscales drawn from two existing measures which were translated into French. Participants responded on a 7-point scale from 1 (do not agree at all) to 7 (agree completely). First, parents reported their beliefs about masculine gender roles using items adapted from two subscales of the Male Role Norms Scale (Thompson and Pleck, 1986). Specifically, they responded to three items reflecting masculine status-seeking (“A man owes it to his family to work at the best paying job he can get;” ω = 0.78) and three items reflecting antifemininity (“It bothers me when a man does something that I consider ‘feminine”’; ω = 0.61).

Second, parents reported their beliefs about feminine gender roles using items adapted from two subscales of the Femininity Ideology Scale Short form (Levant et al., 2017). Specifically, they responded to three items reflecting emotionality (“It is expected that women will be viewed as overly emotional”; ω = 0.77) and three items reflecting dependence (“A woman should not be competitive”; ω = 0.62). These subscales were further adapted into a single composite variable based on confirmatory factor analyses (CFA) presented below. For both gender role stereotype scales, high scores indicate greater agreement with traditional gender roles.



Student Motivation

The measure of student motivation relied on two indicators for each subject: expectancies and task values. Specifically, students reported their expectancies and values in mathematics and language arts using a measure validated among Canadian students by Plante et al. (2013a; originally developed by Eccles and Wigfield, 1995). For each subject, participants responded to five items measuring expectancies of success (e.g., “How well do you think you will do in your mathematics/language arts course this year?”; ωmathematics = 0.94, ωlanguage arts = 0.95) and six items measuring task values (e.g., “How much do you like mathematics/language arts?”; ωmathematics = 0.80, ωlanguage arts = 0.85). For both subscales, items were rated on a 7-point scale tailored to the question wording (e.g., “very poorly” to “very well”; “not at all” to “very much”; measures can be viewed on the project’s osf page2), with high scores indicating high levels of expectancies and values.



Student Career Aspirations

Students rated their career aspirations for jobs requiring frequent use of mathematics or language arts on a scale from 1 (“not at all true for me”) to 4 (“completely true for me”) using two single-item measures adapted from Crombie et al. (2005) and Stevens et al. (2007). These items were previously translated for use with French-speaking Canadian students by Plante et al. (2013a).





RESULTS

Prior to addressing our main research questions, we report the results of analysis of missing data and invariance analyses conducted to examine the psychometric equivalence of the scales across boys and girls. Then, descriptive statistics and analyses of mean gender differences are presented. Finally, we report the results of the hypothesized model, tested using path analysis with latent factor scores, and of model comparisons by gender.


Preliminary Analyses

Examination of the data revealed that missing data ranged from 4 to 5%. In addition, the non-significant result of Little’s test [χ2(33) = 26.92, p = 0.763] suggested that missingness was completely at random. Therefore, full information maximum likelihood was used to address missing data in MPlus (Muthén and Muthén, (1998-2017)) using the MLR estimator.

The measurement invariance of each scale was evaluated in a series of CFAs using nested models to test the equivalence of configural, metric, scalar, strict, and (where applicable) covariances and correlated uniqueness models across boys and girls (see Table 1). Measurement experts suggest that comparisons of latent means are supported for variables showing at least full scalar invariance (Putnick and Bornstein, 2016). Factors showing at least partial invariance (with fewer than half of the parameters non-invariant) are also commonly accepted, as simulation studies suggest partial invariance is likely to result in minimal bias (Hsiao and Lai, 2018). For femininity beliefs, because a two-factor solution including separate latent factors for emotionality and dependence fit poorly [χ2(16) = 71.61, p < 0.001, CFI = 0.78, RMSEA = 0.21], a single factor was computed. Two problematic emotionality items were removed, resulting in one latent femininity ideology factor with four indicators. Following this modification, all variables showed acceptable levels of measurement invariance, supporting comparisons of means and models by gender. Expectancies and values in language arts showed only partial strict invariance, with two factor loadings freed for expectancies and two for values, and partial invariance of correlated uniquenesses, with one inter-item correlation freed. In mathematics, task values showed only partial metric invariance, with one factor loading freed, and partial scalar invariance with two item intercepts freed. Therefore, as recommended in cases of partial invariance (Putnick and Bornstein, 2016), mean gender comparisons in value for mathematics are conducted at the latent level yet should be interpreted with caution.


TABLE 1. Measurement invariance by gender.
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Descriptive Statistics and Mean Difference Analyses

After examining mean descriptive statistics for the observed variables, reported in Table 2, further analyses were conducted to determine the direction of parents’ stereotypes as well as to test for mean gender differences.


TABLE 2. Means and standard deviations of observed variables by student gender.
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To determine whether parents held explicit stereotypes about mathematics and language arts in the expected directions, one-sample t-tests were conducted in SPSS to examine whether their stereotypes differed from the neutral midpoint of 0. The results showed that parents held stereotypes advantaging male students in mathematics [t(163) = 7.30, p < 0.001, d = 0.57] and female students in language arts [t(163) = 12.62, p < 0.001, d = 0.99], with the language arts stereotypes having the larger effect size.

Intercorrelations among the latent variables were examined (Table 3), and a set of analyses examined whether parents’ beliefs and students’ expectancies, values, and aspirations varied by student gender. Invariance testing to examine differences between latent means was conducted in MPlus. The results showed that parental stereotypes did not differ between parents of boys and parents of girls [ability stereotypes, ΔSB χ2(2) = 3.96, p = 0.138; masculinity beliefs ΔSB χ2(2) = 4.14, p = 0.127; femininity beliefs, ΔSB χ2(1) = 0.10, p = 0.756]. Furthermore, girls reported significantly higher expectancies and values in language arts than boys [ΔSB χ2(2) = 48.20, p < 0.001], but expectancies and values in mathematics showed no mean gender differences [ΔSB χ2(2) = 2.17, p = 0.338]. Independent samples t-tests comparing students’ career aspirations showed that boys reported higher career aspirations in mathematics than girls [t(166) = −3.09, p = 0.002, d = 0.49], whereas girls reported higher language arts career aspirations than boys [t(167) = 4.61, p < 0.001, d = 0.71].


TABLE 3. Correlations by gender.
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Direct and Indirect Relations Between the Studied Variables

To further examine the relations between parents’ beliefs and students’ motivation and career aspirations in mathematics and language arts, latent factor scores were extracted from the most invariant measurement models. These scores were then used to compute path models accounting for the nested nature of the data using the TYPE = COMPLEX command in MPlus. MPlus code for the models is included in the online Supplementary Materials, along with covariance matrices for reproducibility. The initial model fit poorly [χ2(14) = 262.52, p < 0.001, CFI = 0.34, RMSEA = 0.33, SRMR = 0.17]. Based on the modification indices, intercorrelations between expectancies and values and cross-domain regression paths between stereotypes, expectancies, values, and aspirations were added to the model, as these links were theoretically grounded (Eccles and Wigfield, 2020; Plante et al., 2013b). Model comparisons showed that this model was non-invariant across student gender [Δχ2(3) = 8.86, p = 0.031], suggesting that the pattern of results differed for boys and girls. Consequently, models were examined separately by gender. The final multigroup model showed a good fit to the data [χ2(6) = 11.68, p = 0.070, CFI = 0.99, RMSEA = 0.11, SRMR = 0.05] based on most indices. Although it should be noted that the RMSEA was above the recommended value (Browne and Cudeck, 1993), simulation studies suggest that the RMSEA often inappropriately indicates poor fit in models with low degrees of freedom (Kenny et al., 2015). Therefore, given that the chi-square, an exact fit test, was non-significant, and other indicators also suggested good fit, we retained this as our final model. The final models are pictured in Figures 2, 3, respectively, for girls and boys. Because bootstrapping cannot be combined with TYPE = COMPLEX, confidence intervals for the indirect effects were computed using the Monte Carlo method with 1,000 repetitions, using the method recommended by Selig and Preacher (2008).
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FIGURE 2. Final model for girls showing statistically significant paths. Standardized coefficients are shown. All error terms are significant at p < 0.001. *p < 0.05, **p < 0.01, ***p < 0.001.
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FIGURE 3. Model for boys showing statistically significant paths. Standardized coefficients are shown. All error terms are significant at p < 0.001. *p < 0.05, **p < 0.01, ***p < 0.001.


As can be seen in Figure 2, parents’ stereotypes that girls are advantaged in language arts predicted stronger expectancies and values for girls in this domain, supporting hypothesis 2. In turn, girls’ language arts values predicted career interest positively in language arts and negatively in mathematics. Furthermore, in accordance with the mediational prediction in hypothesis 2, girls’ language arts values mediated the relation between parents’ traditional language stereotypes and girls’ career aspirations in language arts (βindirect = 0.18, 95% CI [0.045, 0.380]). Results also revealed an un-hypothesized mediation from language arts stereotypes to mathematics career aspirations through language arts values (βindirect = −0.08, 95% CI [−0.197, −0.010]). Unexpectedly, girls’ language arts expectancies negatively predicted language arts career interest (indirect effect of language arts stereotypes via expectancies: β = −0.06, 95% CI [−0.188, −0.002]). Although surprising, this result apparently reflects a suppressor effect. Such effects occur when the direction of a correlation between two variables changes after controlling for other variables (e.g., Lutz, 1983). In the current case, despite a positive bivariate correlation between language arts expectancies and career aspirations (r = 0.20, p = 0.029, see Table 3), this link became negative in our final model. Additionally, in mathematics, girls’ values predicted not only higher career aspirations in mathematics, but also lower career aspirations in language arts, partially supporting hypothesis 2. What is more surprising is that, counter to hypothesis 1, parents’ mathematics ability stereotypes did not predict girls’ task values in this domain. Our results also showed that girls’ expectancies in mathematics positively predicted their intention to pursue a career in language arts. Again, this finding could reflect a suppressor effect, as the bivariate correlation between these variables was non-significant, as can be seen in Table 3. Furthermore, also contrary to hypothesis 1, the more parents reported traditional stereotypes in mathematics, the stronger girls’ expectancies of success in this domain. Given that the bivariate correlation between these variables was also positive, this result cannot be attributed to a suppressor effect. In addition, the indirect effect of mathematics stereotypes on language arts interest through math expectancies was not statistically significant (βindirect = 0.04, 95% CI [−0.001, 0.108]). Finally, contrary to hypothesis 3, parents’ beliefs about traditional gender roles were unrelated to girls’ motivation and aspirations.

For boys (Figure 3), the results presented a quite different pattern. Overall, hypotheses 1 and 2 were not supported among boys. Specifically, most stereotypical parent beliefs predicted boys’ motivation and career aspirations in at least one of the two domains. However, none of the relations between parent beliefs and career aspirations was mediated through expectancies and task values in either language arts or mathematics. Parents’ mathematics ability stereotypes were associated with lower expectancies and values in language arts among boys but were unrelated to career aspirations. Furthermore, parental beliefs that language is for girls—but not the opposite belief that mathematics is for boys—directly predicted stronger aspirations for mathematics-related careers among boys. Although these results do not support hypotheses 1 and 2, they offer an interesting alternative explanation that mathematics stereotypes may be important for understanding boys’ motivation and underrepresentation in language arts. Parents’ stereotypes disadvantaging boys in language arts were also associated with weaker mathematics expectancies for boys.

In addition, parents’ beliefs about traditional feminine gender roles were associated with lower expectancies and values for language arts among boys but not girls, providing support for hypothesis 4 and partial support for hypothesis 3. Specifically, parents’ beliefs that men should seek status were related to lower value for language arts, and also to less interest in careers using language skills, which is consistent with hypothesis 3. Less expectedly, and contrary to hypothesis 3, parents’ beliefs that men should avoid activities that appear feminine were related to greater language career aspirations and language arts value among boys. Once again, these counterintuitive results appear to reflect a suppressor effect since the bivariate correlations between these variables were negative (see Table 3). It is also noteworthy that although boys’ interest in mathematics careers was predicted by their value for mathematics, no other expectancy-value variables predicted their career aspirations. Instead, boys’ interest in language arts careers was predicted directly and exclusively by their parents’ gender role stereotypes. This last result partially supports hypothesis 3 and brings interesting insights about gender-specificity in the mechanisms by which parental stereotypes may influence boys’ and girls’ language arts interests differently.




DISCUSSION

Our research showed that parents, as socializers who hold a variety of gender stereotypical beliefs, may have a key role especially at the end of high school, a critical period during which students must choose between multiple domains as they enter either higher education or the workforce. Specifically, in using a dyadic design, this research provided original insights about possible mechanisms by which parents might influence their child’s career aspirations toward stereotypical or counter-stereotypical domains such as mathematics or language arts. Furthermore, the study extended prior findings in showing interesting gender and school domain differences in the processes by which parental beliefs relate to students’ motivation and career interests. These results have both theoretical and practical implications.


Understanding Career Aspirations for Boys and Girls

In studying parents’ stereotypical beliefs, our data shed light on the potential socialization processes through which gender imbalances emerge. Our results showed that the ways by which parents’ beliefs relate to students’ career aspirations are quite different for boys and girls. For girls, our results supported hypothesis 2 that parents’ ability stereotypes advantaging girls in language arts were related to their daughters’ career aspirations through their motivational beliefs in this domain. For boys, results instead showed that when parental beliefs were associated with students’ career aspirations, the link was direct. This finding is consistent with past work showing that, especially among boys, student or peer gender role beliefs are directly linked to occupational interests (van der Vleuten et al., 2016; Mastari et al., 2021). For girls, however, these links have been found to be fully mediated by motivational beliefs, as expected under SEVT (Plante et al., 2013a). This is interesting in light of the fact that the expectancy-value model was initially developed and tested mainly in the context of understanding female students’ underrepresentation in STEM fields (Eccles, 1994; Eccles and Wigfield, 2020). Although SEVT is expected to apply to students of any gender, our results suggest that relations between stereotypes and career aspirations may not always be mediated through expectancies or values among boys. Therefore, to increase our theoretical understanding and to guide interventions, future research focusing on gender differences is needed to better capture the processes through which gender stereotypes influence boys’ and girls’ career decision-making.

Another interesting finding highlighted by the current study is that multiple types of parental gender beliefs related directly to either boys’ career aspirations or motivation, partially supporting hypothesis 3. In particular, parents’ gender role beliefs, or their beliefs about how men and women should behave, were influential exclusively for boys, supporting hypothesis 4. This finding is consistent with research suggesting that gender role norms tend to be more restrictive for boys than for girls (Sullivan et al., 2018), but it additionally highlights that prescriptive gender role norms might contribute to adolescent boys’ educational and occupational decision-making. Interestingly, parental belief in feminine gender roles was related to lower expectancies and values in language arts among boys; surprisingly, however, such beliefs did not lead to lower language arts career aspirations. In fact, boys’ language arts career aspirations were predicted only by their parents’ beliefs about masculine gender roles such that boys with parents who more strongly believed that it is important for men to seek high status were particularly uninterested in language-related careers. What is less intuitive is the finding that after controlling for these status beliefs, parents’ beliefs that men should avoid femininity related to stronger language arts career aspirations for boys. Although the particular processes explaining this suppressor effect are unclear, this result suggests that these two facets of masculine gender role stereotypes (i.e., status-seeking and antifemininity) did not additively contribute to predicting boys’ aspirations toward language fields. Nonetheless, such results are particularly informative as they go beyond previous work using more general measures of gender normative stereotypes (Croft et al., 2014; McFadden et al., 2020) and indicate that different facets of gender role beliefs might have distinct implications for boys’ motivation and career aspirations in different domains.

Despite the importance of gender role stereotypes for boys, parents’ traditional ability stereotypes did not predict boys’ career aspirations in language arts. However, boys whose parents reported traditional language arts stereotypes reported more interest in mathematical careers and, surprisingly, lower expectancies of success in mathematics. Though it is not surprising that parents’ negative stereotypes about boys might negatively relate to their sons’ motivation, it is surprising that this result was observed in mathematics rather than in language arts. Interestingly, the hypothesis that traditional mathematics stereotypes would boost boys’ mathematics motivation and career aspirations (hypothesis 1) was not supported by our results. Instead, parents’ stereotypes advantaging boys in this domain were associated with boys’ devaluation of language arts, as well as with lower expectancies of success in language arts. Together, these findings could be explained by the fact that even though parents still hold mathematics stereotypes advantaging boys, students themselves do not, as shown by a growing body of research on explicit stereotypes (e.g., Schmader et al., 2004; Martinot and Désert, 2007; Kurtz-Costes et al., 2014). Furthermore, prior research has shown that students’ neutral or even female-advantaging stereotypes in mathematics were internalized through students’ expectancies and task values in mathematics (e.g., Plante et al., 2013a). In other words, boys’ own stereotypes might mitigate the role of their parents’ beliefs in mathematics, whereas parental stereotypes may still contribute to the devaluation of competing domains such as language arts.

For girls, contradicting hypothesis 1, parents’ mathematics ability stereotypes did not relate to lower motivational indicators in mathematics, nor to lower mathematics career aspirations. Rather, as a result of a suppressor effect, girls’ higher expectancies in mathematics were related to stronger language arts career aspirations. In addition, parents’ mathematics ability stereotypes were positively related to mathematics expectancies, a relation that was also observed in the bivariate correlations. One possible explanation for this result is that parenting a mathematically gifted daughter might make stereotypes about girls and mathematics more salient, leading parents of such daughters to report stronger stereotypes in this domain. Another possibility is that parents who hold traditional beliefs in mathematics may devote additional support to help their daughters succeed in mathematics in the hope of counteracting these stereotypes.



Domain Specificities in the Development of Career Aspirations

The current study underlined different patterns both in mean differences and in the relations between parental beliefs and student variables across the domains of mathematics and language arts. First, in terms of mean differences, this study showed that parents held traditional stereotypes in both domains. Gender differences in students’ motivational beliefs were consistent with their parents’ stereotypical conceptions in language arts but not in mathematics, as gender differences in expectancies and values were observed only in language arts. Such findings could be explained by the fact that interventions to reduce stereotypes of mathematics may have been effective in reducing gender gaps between boys’ and girls’ motivation in mathematics, but without reaching parents, who still hold more old-fashioned stereotypes. This interpretation is aligned with work showing that explicit mathematics stereotypes are fading among students, while language arts stereotypes remain consistent (Plante et al., 2009, 2019). In contrast, parents’ conceptions in our sample were surprisingly similar to those in a seminal study conducted 30 years ago showing that parents endorsed traditional stereotypes in mathematics (Jacobs, 1991).

Second, in terms of relations between parental stereotypes and student variables, our study showed that it was primarily language arts stereotypes that were predictive of adolescents’ career aspirations. For girls, the more parents stereotyped language arts as female-advantaged, the more girls were motivated in language arts and interested in language arts careers. For boys, disadvantaging language arts stereotypes were directly related to stronger mathematics career aspirations. In other words, these results could mean that parents’ language arts stereotypes did not discourage their son’s interest in language arts careers, but rather attracted them to mathematical careers, a hypothesis that needs to be empirically supported. On the other hand, hypothesis 1, that parents’ mathematics ability stereotypes would relate to students’ motivation and career aspirations, was unsupported. Instead, parents’ ability stereotypes in mathematics may have undermined boys’ motivation toward language arts in school. Based on these results, language arts stereotypes may be more influential than mathematics stereotypes in predicting students’ career interests and therefore should receive greater attention.

The current study also showed interesting cross-domain processes that could help researchers understand career aspirations and career choices. Consistent with previous work on the topic (Wang, 2012; Plante et al., 2013a), girls’ task values in both mathematics and language arts were strongly related to career aspirations in the corresponding domain. Less expectedly, task values were also negatively related to girls’ career aspirations in the competing domain. Such findings further support the importance of considering students’ relative valuation of different domains (Chow and Salmela-Aro, 2011; Plante et al., 2019; Eccles and Wigfield, 2020). For instance, even if girls highly value mathematics, a higher valuation of language arts could not only still lead them to a language arts career path, but also decrease their aspirations toward a mathematical career. For boys, however, such cross-domain results involving task values were not observed. Rather, aside from parents’ traditional language arts stereotypes, only boys’ task values in mathematics predicted their aspirations in that domain. Unexpectedly, none of the motivational beliefs in language arts related to boys’ career aspirations. Based on these results, it appears that girls consider both mathematics and language arts careers as valuable options, and that their motivational beliefs toward these two competing domains might have a complementary role in shaping their aspirations. For boys, it instead seems that parents’ stereotypical beliefs could contribute to push them away from counter-stereotypical careers such as language arts fields, leaving mathematics as their only valued option.



Limitations and Future Directions

The present study has some limitations that should be acknowledged when interpreting the results. First, this study’s use of path analysis based on correlational data and relying on a single measurement timepoint for students’ indicators prevents us from drawing causal inferences. A second limitation is that our sample consisted mainly of mother/child dyads. Therefore, the role of fathers’ gender stereotypes in students’ motivation and career aspirations may be attenuated in our results. Our use of path analysis also revealed a few suppressor effects that were difficult to explain. Despite these limitations, the dyadic nature of the data provides convincing evidence that parents’ beliefs relate to their son’s or daughter’s motivation and career interests. Nonetheless, such findings need to be further replicated using experimental designs to clearly establish causal links among these variables. For instance, the effects of interventions to change parents’ stereotypical conceptions on students’ career aspirations and actual course enrollment decisions would be a valuable avenue for future research.

In addition, although the current study was innovative in modeling two school domains together, its generalizability is limited to these two domains. Thus, it is difficult to determine whether boys believe all non-STEM domains are uninteresting, or if such beliefs only apply to language arts. Furthermore, because real-world career decision-making involves choosing among more than two domains, future research simultaneously including a wider variety of domains would be useful to better assess the ecological validity of the results.




CONCLUSION

In examining parent-student dyads, our research suggested that parents, as important socializers, could transmit stereotypes that predict students’ motivation and career aspirations. Furthermore, by simultaneously measuring different types of gender stereotypical beliefs among parents and considering two school domains, our study showed that these processes are both gender and domain specific. In summary, for girls, our findings suggest that parents’ ability stereotypes about language might boost girls’ motivation for language arts, thereby nudging them away from STEM pathways. Our results also provide further evidence that girls’ career choices stem not only from their valuation of the corresponding domain, but also from their valuation of competing domains. Such findings highlight the need to consider multiple domains simultaneously to better capture the complexity of girls’ career decisions. Meanwhile, for boys, parents’ language ability stereotypes were directly related to mathematical career aspirations, and their mathematics ability stereotypes related to poorer motivation in language arts among boys. These results suggest that stereotypes that mathematics is for boys and language arts is for girls might push boys away from language arts and toward mathematics. Our study also highlighted the unique role of parental beliefs in traditional gender roles for boys’ motivation and career aspirations. Specifically, parents’ gender role stereotypes directly related to less interest in language arts only among boys, thus pointing to an important avenue for future research into gender gaps in female-dominated fields. Taken together, these domain- and gender-specific results could guide interventions to promote gender equity not only in traditionally male-dominated, mathematics-heavy fields, but also in female-dominated language fields.
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Despite evidence from cognitive psychology that men and women are equal in measured intelligence, gender differences in self-estimated intelligence (SEI) are widely reported with males providing systematically higher estimates than females. This has been termed the male hubris, female humility effect. The present study explored personality factors that might explain this. Participants (N = 228; 103 male, 125 female) provided self-estimates of their general IQ and for Gardner’s multiple intelligences, before completing the Cattell Culture Fair IQ test as an objective measure of intelligence. They also completed the Bem Sex Role Inventory (BSRI) as a measure of sex-role identification, and measures of general and academic self-esteem. Both gender and sex-role differences were observed for SEI, with males and participants of both genders who scored high in masculinity offering higher self-estimates. By comparing estimated and observed IQ, we were able to rule out gender differences in overall accuracy but observed a pattern of systematic underestimation in females. An hierarchical multiple regression showed significant independent effects of gender, masculinity, and self-esteem. Mixed evidence was observed for gender differences in the estimation of multiple intelligences, though moderately sized sex-role differences were observed. The results offer a far more nuanced explanation for the male hubris, female humility effect that includes the contribution of sex role identification to individual and group differences.

Keywords: gender differences, self-estimated intelligence, self-esteem, sex-roles, sex differences, human intelligence, education


INTRODUCTION

“Such is the nature of men, that howsoever they may acknowledge many others to be more witty, or more eloquent, or more learned; yet they hardly believe there be many so wise as themselves.”—Thomas Hobbes, English philosopher.

Intellectual self-image can be a powerful predictor of eventual educational achievement. How we see ourselves intellectually—either as smart, academically capable or possessing more mediocre abilities—can have a profound impact on academic engagement and motivation, the pursuit of intellectual endeavors, persistence in the face of adversity, and self-efficacy beliefs, and even performance on tests of intellectual ability. Psychologists and educators have known this for decades, ever since Rosenthal and Jacobson’s (1968) classic Pygmalion in the Classroom study. In this study, the experimenters had students complete a bogus “Harvard intellectual assessment,” and then teacher expectations of individual students were experimentally manipulated by randomly assigning children to be labeled as either “gifted,” ordinary, or below average. Longitudinal testing found that those in the experimental group exhibited significant growth relative to their peers in psychometrically measured IQ one year later. Such an example highlights not only the self-fulfilling prophecy of intellectual self-image (Greven et al., 2009), but also that it can be manipulated and shaped by environmental factors outside of our own control or even awareness. Though the study has at times been criticized on methodological grounds (c.f., Rosenthal, 1995; Snow, 1995), it spurred research into the benefits of teaching a “growth mindset,” and that intelligence is malleable rather than being innately fixed at birth (Dweck, 2016; Yeager et al., 2019).

This brings us to a quite curious phenomenon frequently observed in psychological studies over the last few decades: that, when asked to provide an estimate of their intelligence, males frequently provide higher estimates than females. Indeed, this pattern of gender differences in self-estimated intelligence (SEI) is so universally found across different samples, ages, ethnicities and cultures that it has been termed the male hubris, female humility (MHFH) problem by Furnham et al. (2001). It remains so interesting because there is overwhelming consensus in cognitive psychology that males and females do not differ in general intelligence; gender differences are only found for specific cognitive abilities like verbal/visual-spatial tasks rather than psychometric intelligence (for a thorough review see Halpern et al., 2011). However our appraisals of our intellect contribute greatly to academic motivation (Dweck, 2002)—students who feel that they are less intellectually capable than their peers are less motivated (Kornilova, 2009). This is particularly so in stereotypically female underrepresented fields like science, technology, engineering and mathematics (Reilly and Hurem, in press). Intellectual self-image also guides course selection (such as the decision to pursue more advanced coursework in high school and college), as outlined by Eccles (2013) expectancy-value theory of achievement motivation: students select coursework that they expect they can reasonably master, and shy away from more challenging subjects if they believe they are not smart enough.

The male hubris/female humility effect has sparked much research across more than thirty countries (Freund and Kasten, 2012; Furnham, 2017). An earlier meta-analysis of studies by Syzmanowicz and Furnham (2011) found the effect to be robust with an average effect size of d = 0.37, which is a small to moderate effect size. So, if males and females do not differ in general intelligence but males provide higher estimates of their own intellectual prowess than females, what factors explain this discrepancy?



ACCURACY OF SELF-ESTIMATED INTELLIGENCE

Psychological research has investigated whether people are accurate judges of their intellectual ability generally (irrespective of gender). This arises from several strands of investigation: firstly, whether people are generally sound judges of their intellectual strengths and weaknesses, and secondly, whether there are cognitive biases that affect such evaluations. Furnham (2017) noted that an unresolved research question is whether males over-estimate their actual IQ, females under-estimate IQ, or indeed both, but writes “there are not enough good studies with both self-estimated and test-derived IQ to settle the argument,” p. 110. This may be due to the relative ease with which self-estimates of intelligence may be obtained, but the greater difficulty, time, and expense needed to administer psychometrically valid intelligence tests. There are some examples where a proxy is used, such as a vocabulary test, to investigate the association between self-estimated IQ and intellect (r = 0.25, McCrae and Costa, 1985), while others choose to use a test of non-verbal reasoning like the Raven’s Progressive Matrices (r = 0.29, von Stumm, 2014). In a review of studies comparing self-estimated and psychometrically assessed intelligence, Paulhus et al. (1998) note that in student subject pool samples, correlations rarely exceed r = 0.30 which is a moderately sized effect. They further note that somewhat larger correlations are found in studies that sample from the general population. To provide a frame of reference for evaluating this, self-reports of intelligence have roughly the same predictive validity and accuracy as the situational judgment tests (SJTs) that are widely employed in organizational psychology for predicting cognitive performance (r = 0.29 in a meta-analysis by McDaniel et al., 2007). People’s impressions of their intellect are therefore grounded firmly in reality, but their accuracy is subject to distortion by cognitive biases.


Cognitive Biases

One such bias noted in the literature is the “above-average effect” (Alicke, 1985; Dunning et al., 1989; Kruger, 1999; Kruger and Dunning, 1999), which holds that for socially desirable traits such as competence and intellectual ability, there is a tendency for most people to see themselves as better than the average person. The implication of this, Kruger and Dunning (1999) argue, is that such overly favorable views of their abilities mean that a large proportion of the population is “unskilled and unaware of it,” p. 1121. Such a claim stands in contrast to evidence on the general accuracy of self-estimates of intelligence reviewed above, though the number of studies empirically testing this with psychometrically valid IQ tests are few.

Another bias is the self-esteem bias (Felson, 1981), which is the tendency for people to evaluate themselves in a way that is consistent with their general self-esteem; someone who is high in self-esteem will tend to see themselves as brighter and more capable than someone lacking in self-esteem. While self-esteem is a normally distributed trait, there are frequently observed variations for different subgroups. Gender differences in general and academic self-esteem are well documented (Eccles et al., 1993; Gentile et al., 2009), with boys and men reporting higher general and academic self-esteem than girls and women. Syzmanowicz and Furnham (2011) raised this issue in their meta-analytic review as one possible explanation for the MHFH effect. However, they reported no correlation between self-estimated intelligence and self-esteem, and it seems few studies have actually pursued this line of reasoning (Mirjalili et al., 2011).



Parental Beliefs, and Socio-Cultural Transmission of Gender Stereotypes

Environmental factors are also likely to contribute to a gender bias in self-estimated intelligence which may be an extension of existing socio-cultural gender stereotypes. Social motives (e.g., boastful pride for males or modesty for females) might explain self-estimates of intelligence. If so, when asked to estimate of other people’s intelligence the MHFH effect should not still be present. In the original study by Hogan (1978) into self-estimates of intelligence, participants were also asked to provide an estimate of the intelligence of their mothers and fathers. Fathers were rated as more intelligent than mothers (Hogan, 1978), even though there were no gender differences in general intelligence in the community. The effect has been replicated numerous times (Beloff, 1992; Furnham and Rawles, 1995), but should be interpreted cautiously as it might reflect the systemic educational and occupational inequalities of the time (i.e., higher male educational advancement) rather than genuinely held beliefs that men are inherently “smarter.”

Furnham and Gasson (1998) took a different approach, and instead asked parents to provide an estimation of the intelligence of their own children. Sons were rated as more intelligent than daughters (d = 0.67), and this effect has been replicated (Beloff, 1992; Furnham, 2000; Furnham et al., 2002a). Such a pattern of results suggests that environmental factors like gender stereotypes might contribute to the MHFH problem, rather than differential social desirability for intelligence between men and women. Parental beliefs may be a particularly important mechanism in the socialization of gender stereotypes, as parental educational expectations may influence a child’s view of their own capabilities (Frome and Eccles, 1998; Jodl et al., 2001). Parental beliefs and expectations may inadvertently enhance or stifle a developing child’s intellectual self-concept and self-efficacy beliefs: raising a child that feels either bright and capable even in the face of challenges (mastery orientation) or overwhelmed and incapable of more advanced intellectual achievement (learned helplessness). Numerous studies have demonstrated that parental beliefs about their children’s intellectual abilities predict later educational achievement in adolescence and young adulthood (Jodl et al., 2001; Phillipson and Phillipson, 2007; Gunderson et al., 2012; Pinquart and Ebeling, 2019). This may be partly through direct transmission of parental beliefs and expectations, but also because parents can provide or withhold enriching cognitive experiences which can accelerate intellectual development outside of school.

Parents are but one element in a larger ecological system that contributes to intellectual development and intellectual self-image. This system includes the role of teachers and educators in shaping the intellectual self-image of children in their care (Jussim and Harber, 2005; Kollmayer et al., 2018), as well as differential treatment of boys and girls (particularly in gender-typed courses such as mathematics and science). Children’s intellectual self-image is also shaped by media and popular culture (Solbes-Canales et al., 2020), which also plays a part in transmission of cultural gender stereotypes about intellectuality (Nosek et al., 2002; Storage et al., 2020).



Sex-Role Identification and Self-Estimated Intelligence

Another potential explanation for the MHFH effect may be the contribution of gendered personality traits, and sex-role identification. Bem (1981b) proposed gender schema theory as a cognitive account for the way that cultural prescriptions about masculinity and femininity become integrated into our self-concepts. These self-concepts forms internalized standards for regulating our own behavior, and also evaluating that of others through the lens of a gender schema. Now, while boys and girls typically differ in their early socialization experiences (Eccles et al., 1990; Lytton and Romney, 1991), there is also considerable individual variation in the degree to which one acquires stereotypically masculine and feminine personality traits, behaviors and interests- a process termed sex-typing (Kagan, 1964; Kohlberg and Ullian, 1974). The internalized gender schema of each individual differs and is the product of both biological and environmental factors that contribute to their sex-role identity (Tenenbaum and Leaper, 2002; Hines, 2011, 2015; Svedholm-Häkkinen et al., 2018). Highly sex-typed persons are motivated to keep their behavior and self-concept consistent with traditional gender norms of their biological sex (Maccoby, 1990; Martin and Ruble, 2004), and so implicit beliefs about gender and intellectuality could translate to higher estimates of intelligence by males and lower estimates by females. For many people their sex-role identification is veridical with their biological sex, but others are more flexible and incorporate a healthy blend of both masculine and feminine personality traits into their self-schema. Researchers have termed this psychological androgyny (Bem, 1984; Spence, 1984; Reilly, 2019), and it has been associated with greater psychological adaptability and less rigid gender schemas. Might sex-role identification act as a better predictor of self-estimated intelligence than the social category of gender?

There are several lines of reasoning that would support such an association. Firstly, as outlined above, it has been hypothesized that self-esteem makes a strong contribution to self-estimated intelligence. While gender differences in self-esteem are frequently reported (Gentile et al., 2009), numerous studies have documented a positive association between masculinity and self-esteem in both men and women (Whitley, 1983; Burnett et al., 1995). This, in turn, might drive higher self-estimates of intelligence. Secondly, there are links between sex-role identification and the development of cognitive ability. Nash’s (1979) sex-role mediation hypothesis proposed that both masculine and feminine sex-roles contribute to cognitive development: masculinity predicts visual-spatial performance (Reilly and Neumann, 2013), while femininity predicts verbal and language abilities (Pajares and Valiante, 2001; McGeown et al., 2011; Reilly et al., 2016). Those higher in masculine and feminine traits may rate their abilities in those domains as higher, which may contribute to their overall impression of intellectuality. Beyer and Bowden (1997) reported the tendency for women to underestimate their performance on stereotypically masculine tasks, but that this underestimation was not found for neutral or feminine tasks. Thirdly, for those with rigid gender schema, male boastfulness and female humility may temper their self-reports and over time shape their self-concept to reflecting implicit gender stereotypes.

Several studies have tested the contribution of sex-role identification to the MHFH effect. The first by Furnham et al. (1999) recruited a small number of subject pool participants, and had them complete the Personal Attributes Questionnaire (PAQ; Spence et al., 1974) which attempts to measure masculinity and femininity as personality traits. Results were inconclusive, though the study was underpowered. A second study by Rammstedt and Rammsayer (2002) recruited a larger sample size and instead used the Bem Sex-Role Inventory (BSRI; Bem, 1981a) which has greater psychometric validity (Choi et al., 2009). Subjects were asked both about their overall intelligence, as well as domain-specific multiple intelligences in line with Gardner’s (1999) typologies. The authors found tentative support for sex-role effects in males, with those scoring higher in masculinity rated their mathematical-logical and general reasoning higher than lower-masculinity peers. However, the authors did not find sex-role effects for the females in their sample. Finally, a study by Storek and Furnham (2012) that recruited intellectually gifted MENSA members found a positive association between masculinity and self-estimated intelligence in both men and women. However, generalizability from such a highly-select sample is questionable. Furthermore, none of these studies included an actual measure psychometric IQ or of self-esteem to determine what role (if any) this played in the MHFH effect.




GENERAL INTELLIGENCE VERSUS MULTIPLE INTELLIGENCES

Experts on human intelligence have different views on the nature and structure of intelligence to those of the everyday man and woman. Intelligence is not a unitary construct (Neisser, 1979; Halpern, 2011), and comprises a large number of distinct abilities such as verbal intelligence, mathematical/logical intelligence, emotional intelligence, and so on. Sternberg et al. (1981) examined how lay conceptions of intelligence cluster around a different set of abilities to that of intelligence experts. Sternberg (2000, p. 3) argued that understanding these implicit or lay theories of intelligence was crucial, as “implicit theories of intelligence drive the way in which people perceive and evaluate their own intelligence and that of others.” In reference to the present topic, while gender differences in overall SEI are widely documented, we might see different estimation patterns for certain abilities, such as those stereotypically regarded as masculine or male-dominated (mathematical/analytical, spatial), and those more readily associated with femininity or that are regarded as stronger in females (e.g., verbal and emotional intelligence).

One taxonomy for considering intelligence is Gardner’s (1983, 1999) theory of multiple intelligences. Furnham (2000, 2001) first investigated whether the MHFH effect extended to Gardner’s multiple intelligences, which has since been expanded to encompass seven to nine distinct clusters of abilities depending on the definitions used (Furnham et al., 2001, 2002a,b). Even though intelligence researchers may disagree on the psychometric validity of Gardner’s multiple intelligences, student perceptions of them are important as they may guide course selection. Subjects are typically presented with a definition of each of Gardner’s multiple intelligences, and asked to estimate their intelligence relative to others. These domains are: verbal or linguistic intelligence, logical or mathematical intelligence, spatial intelligence, musical intelligence, bodily-kinesthetic intelligence, interpersonal intelligence, intrapersonal intelligence, naturalistic intelligence, and existential/spiritual intelligence.

Research on self-estimations has revealed a complex and nuanced pattern: while gender differences were almost always found for estimates of general intelligence, they were not reliably found for all of Gardner’s multiple intelligences. Moreover, cross-cultural differences are present. For example, Yuen and Furnham (2006) found that students in Hong Kong did not exhibit significant gender differences for verbal or interpersonal intelligence (stereotypically feminine) but did for all the remaining abilities. However, Furnham et al. (1999, Study 2) found significant gender differences with an English sample for only three of Gardner’s domains: mathematical/logical, spatial and musical intelligence. A review by Furnham (2001) on several of Furnham and colleagues’ studies noted that consistent gender differences were primarily found on stereotypically masculine intellectual abilities (mathematical/logical, and spatial), which Storek and Furnham (2012, 2014) subsequently referred to as domain-masculine intelligence (DMIQ). Furthermore, Storek and Furnham (2013) also found a moderately sized correlation between masculinity and self-estimates for DMIQ, r = 0.26, suggesting that there may be sex-role contributions to the effect.

When there are inconsistencies across studies and types of samples, the technique of meta-analysis provides a greater degree of confidence of the robustness of an effect than any single study alone. Syzmanowicz and Furnham (2011) conducted a meta-analysis on self-estimates of general intelligence and for three multiple intelligence domains, reporting moderately large gender differences favoring males for general intelligence, d = 0.37, mathematical/logical intelligence, d = 0.44, spatial intelligence, d = 0.43, and a much smaller difference for verbal intelligence, d = 0.07. However, none of the other forms of multiple intelligences were investigated. Moreover, further research is required to determine the extent of gender differences for other domains and to test potential moderators for the self-estimation effects.



THE PRESENT STUDY

Given the limitations outlined above with previous studies, we set out to explore potential factors that might explain the male-hubris, female humility (MHFH) effect. As Furnham (2017) remarked, there is a paucity of studies comparing self-estimates to psychometrically valid IQ scores, and there are fewer still that include a measure of general self-esteem. Including a measure of sex-role identification would allow us to determine whether social category (male or female) or personality traits (masculinity/femininity) is a better predictor of SEI. Our investigation was primarily exploratory in nature rather than advocating for a particular theory, and this required us to perform additional statistical tests (e.g., that there might be gender differences in psychometric intelligence for our sample due to selection bias) in order to rule them out as alternate explanations. Also, though not the primary focus of the study, previous literature had identified associations between sex-role identification and self-esteem, as well as consistent gender differences. On this basis, it was reasoned that self-esteem might partly explain gender and sex-role differences in self-estimated intelligence (SEI).

The following hypotheses were made:


H1)Males will report higher SEI scores than females for general intelligence.

H2)High masculinity participants (i.e., masculine and androgynous groups) will report higher SEI scores than low masculinity ones (i.e., feminine and undifferentiated), regardless of gender.

H3)Males and high masculinity groups will report higher general self-esteem and academic self-esteem than females and low masculinity groups.

H4)There would be a significant positive correlation between SEI and psychometric intelligence, consistent with past studies (Paulhus et al., 1998).

H5)It is hypothesized that gender, masculinity, and general self-esteem will be associated with SEI, even after controlling for psychometrically measured intelligence.

H6)Masculinity scores would act as a statistical mediator of the relationship between gender and SEI scores.

H7)Gender and sex-role differences will also be found in self-estimates of multiple intelligences, following a similar pattern as observed with general intelligence.





MATERIALS AND METHODS


Participants

Two hundred and twenty-eight participants (103 male, 125 female) with a mean age of 22.62 (SD = 6.30, range = 18–47 years) were recruited from a university subject-pool of students completing a first-year research methods and statistics course. While the majority of these students were completing an undergraduate psychological science degree (53.7%), a large proportion were enrolled in exercise science or physiotherapy (30.7%), followed by health or biomedical sciences (7.4%) and occupational therapy (4%). Only 3% were studying another type of degree. This subject pool was chosen because it included psychology and non-psychology students in order to draw from a broader pool of sex-role categories. Most students were in their first trimester of university and participated prior to receiving their course grade. All participants provided informed consent to a research protocol approved by the Griffith University Human Research Ethics Committee (HREC).



Procedure

Participants were informed that they were participating in a study on the measurement of human intelligence, and the accuracy of self-estimates. They were provided with a booklet containing the self-estimated intelligence (SEI) measures, followed by the Cattell Cultural Fair IQ Test (CCFIT). Rest periods were provided between each subtest of the CCFIT test to minimize fatigue effects. Following test administration, participants completed surveys measuring self-esteem, sex-role identification, and general demographic information. The surveys were administered after the self-estimated intelligence survey and CCFIT, in order to minimize gender priming effects on SEI and test performance. Participants were tested in small groups (maximum three participants per session) so that compliance with instructions could be monitored and that survey items were read and considered before answering.



Measures


Self-Estimated Intelligence

Following the methodology of Furnham and Rawles (1995), participants were provided with a simple one page sheet from the booklet which explained in a brief paragraph that the distribution of intelligence in the general population followed a bell curve (see Figure 1 for stimuli) that is normally distributed, with the average IQ score being 100 with a standard deviation of 15. The text of the paragraph was also read aloud by the experimenter to ensure that written instructions were followed. While the properties of the normal distribution were familiar to students in the statistics course, labeled framing anchors were also provided to aid in estimation. Participants were asked to use this scale to provide an estimate of their intelligence relative to other people, and to write this as a whole number.
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FIGURE 1. Stimulus material used for self-estimation of intelligence.
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On a subsequent page of the booklet, participants read several paragraphs describing the research of Gardner’s (1999) theory of multiple intelligences, which defined intelligence more broadly than would be typically assessed by an IQ test. Gardner subsequently revised his model of multiple intelligences to include a total of nine separate skills (Verbal and linguistic intelligence, Logical-mathematical intelligence, Spatial, Musical, Bodily-kinesthetic, Interpersonal, Intrapersonal, Naturalistic, and Existential/Spiritual Intelligence). Each skill was accompanied by a brief paragraph description that had been pilot tested for readability. An issue identified in pilot testing was that some participants completed the task extremely quickly with minimal variation in scores across domains. So that participants gave considered and deliberated responses, they were instructed to complete the task one definition at a time, and to record a response only after the experimenter had read the paragraph aloud (on the pretense “some participants might come from a non-English background or have reading impairments such as dyslexia, and we want to make sure instructions are clearly understood”). This also ensured that participants had received the appropriate definition for each task, even if they elected not to read the presented material. The definition of existential/spiritual intelligence was phrased for inclusiveness so that it was clear to subjects that this may include but does not require religious practice. Participants responded by providing a numerical IQ score in the same format as for general intelligence.



Cattell Culture Fair Test of Intelligence (Cattell et al., 1973)

The CCFIT is a non-verbal measure of fluid intelligence (gF), designed specifically to be as free of culture and educational experiences as possible. Additionally, prior research confirmed no gender bias in the CCFIT with equivalent scores for males and females among adult high school graduates (Colom and García-López, 2002). The specific instrument employed was CCFIT Scale 3, Form A intended for use with adult participants. The CCFIT assessment requires inductive reasoning about perceptual patterns, and is comprised of four subtests (series completion, classification, matrices, conditions/typology). Each subtest is completed under strict timing conditions, with items of increasing level of difficulty such that less than 10% of subjects completed all items in the current sample. Although there was no penalty for guessing, two of the subtests require multiple correct responses for the item to be scored correctly. Individual responses were recorded on response sheets that were transcribed and then computer scored for accuracy of scoring. Reliability of the instrument for the current sample was high across the four subtests (Cronbach’s α = 0.72).

The instrument also provides appropriate norms tables to allow for conversion between raw scores and their equivalent IQ (centered around a mean of 100 with a standard deviation of 15), for direct comparability to SEI scores provided by participants. The CCFIT also shows strong convergent validity other tests of general intelligence such as the WAIS with r = 0.72 (Cattell et al., 1973), and loads highly against more recently revised intelligence scales (Carroll, 1993).



General Self-Esteem

Participants completed the Rosenberg (1965) General Self Esteem Scale, a brief 10 item rating scale that is widely used and demonstrates good psychometric reliability and validity (Sinclair et al., 2010). Participants recorded a response on a 4-point Likert-type scale (ranging from 1 = “Strongly Agree,” to 4 = “Strongly Disagree”). Sample items include “On the whole, I am satisfied with myself” and “All in all, I am inclined to feel that I am a failure,” with several items being reverse coded (Cronbach’s α = 0.89 for sample).



Academic Self-Esteem

There were two measures. Subjects completed a seven-item Academic Self-Esteem scale adapted for this present study from Johnson et al.’s (1983) Academic Self-Esteem subscale, and Bachman’s (1970) Self-Concept of Ability Scale (SCAS). For comparability, subjects endorsed items on the same 4-point scale used for the Rosenberg GSES. Sample items include “I feel confident in my ability to complete university,” and “I am not doing as well at university as I would like to” with negatively worded items that were reverse coded. Subjects also completed the single item Rosenberg Academic Self-Esteem scale, which asks “How do you rate yourself in academic ability compared with those studying your degree” on a 4-point scale. The final response variable incorporated both measures of academic self-esteem, with high reliability (Cronbach’s α = 0.87).



Bem Sex-Role Inventory

The 30-item short form of the Bem Sex Role Inventory (BSRI; Bem, 1974, 1981a) was used as a measure of sex-role identification that construes masculinity and femininity as independent constructs on a continuous scale (Reilly, 2019). The BSRI includes 10 masculine, 10 feminine as well as 10 neutral and filler items so that the gendered nature of the instrument is not transparent. Traits are rated on a 7-point Likert scale (from “1 = Never or almost never true of me” to a midpoint of “4 = Occasionally true” and ending in “7 = Always or almost always true of me”). Separate masculinity and femininity scores were produced by averaging responses across each scale, resulting in a continuous score. Participants were also categorized on the basis of a median split of their masculinity (Mdn = 4.60) and femininity (Mdn = 5.30) scores, to one of four sex-role categories: masculine, feminine, androgynous (high masculinity and high femininity) and undifferentiated (low in both masculine and feminine personality traits). Internal consistency, as assessed by Cronbach’s α, was high in the present sample (masculinity scale α = 0.81, femininity scale α = 0.85) and despite the passage of time since its inception the BSRI remains a valid measure of sex-role identification in modern samples (Choi et al., 2009). For a further review on the psychometric properties of sex-role measures, and why the BSRI remains valid today see Wood and Eagly (2015), and Eagly and Sczesny (2019).





RESULTS

We present first the sex-role classification for our sample, measured psychometric intelligence, self-estimated intelligence, general and academic self-esteem, followed by hypotheses testing.


Sex-Role Classification

The distribution of sex-role categories for participants appear in Table 1. As has been found in previous studies, the distribution of sex-role identification is not even in college-aged samples (e.g., feminine-scoring males and masculine-scoring females are underrepresented; Bem, 1981b). Also in line with past studies, independent samples t-tests showed that males were significantly higher in BSRI masculinity scores than females, t(225) = 3.04, p = 0.003, d = 0.41, and that females were significantly higher than males in BSRI femininity, t(225) = −2.48, p = 0.014, d = −0.33.


TABLE 1. Distribution of sex-role categories in sample.
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Cattell Culture Fair IQ Distribution

IQ scores for the sample were normally distributed (Shapiro–Wilks p > 0.001) with a mean of 111.19 (SD = 14.21). As might be expected from a university subject pool, a one-sample t-test showed our sample mean was significantly higher than that of the general population, t(223) = 11.83, p < 0.001, d = 1.57. Additionally, an independent samples t-test confirmed that males and females in our sample did not differ significantly in measured intelligence, t(226) = 1.27, p = 0.206. Any observed gender difference in SEI could not, therefore, be explained by apparent differences in actual intelligence between groups resulting from sampling error. Additionally, a 2 × (Gender) 4 × (Sex-Role Category) factorial ANOVA confirmed no sex-role differences in measured intelligence, nor any interaction, all Fs < 2.61, p > 0.05.



Self-Estimated IQ Distribution

The distribution of self-estimated intelligence scores in our sample was significantly negatively skewed (std. skewness = −2.19, p = 0.028), with a general tendency for participants to rate their intelligence as “above average,” and a mean SEI of 107.55 (SD = 10.98). Figure 2 presents a histogram of this distribution overlaid with the normal distribution of actual IQ scores in the general population (M = 100, SD = 15). Surprisingly though, approximately 19% of participants rated their intelligence as below average. This was somewhat unexpected as the “above average” effect had generally been regarded as robust—an issue we address further in the discussion. Additionally, there was a disproportionate number of females than males in this group, χ2 = 24.08, p < 0.001, with five males and 38 females rating their intelligence as below-average.
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FIGURE 2. Histogram showing the distribution of self-estimated intelligence in the present sample, alongside the normal distribution of IQ scores in the general population. Our sample was significantly negatively skewed with the bulk of scores shifted to the right of the normal curve.


A 2 × (Gender) 4 × (Sex-Role Category) factorial ANOVA1 was conducted on self-estimated IQ scores (see Figure 3). Although mild negative skewness was present (absolute standardized skewness = 2.23, p < 0.05), the ANOVA is robust against minor violations of normality when variances are equal (Field and Wilcox, 2017). The assumption of homogeneity of variance was met. As predicted by H1 there was a significant main effect of gender, F(1, 219) = 30.79, p < 0.001, η2 = 0.12. Males (M = 112.12, SD = 9.20) reported significantly higher self-estimated IQ than females (M = 103.66, SD = 10.88), t(225) = 5.55, p < 0.001, d = 0.74, which equates to a difference of approximately 8.5 IQ points. There was also a significant main effect of sex-role category, F(3, 219) = 7.23, p < 0.001, η2 = 0.09. A planned linear contrast compared the high masculinity participants (masculine + androgynous) to the low masculinity participants (feminine + undifferentiated). Consistent with H2, masculine and androgynous subjects gave higher self-estimates of IQ than feminine and undifferentiated, t(225) = 4.65, p < 0.001, d = 0.62. Both effects were medium in size. There was no significant interaction between gender and sex-role category.
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FIGURE 3. Self-estimated IQ scores across sex-role categories, for males and females (error bars represent the standard error of the mean).




General and Academic Self-Esteem

Next, we investigated individual differences in general and academic self-esteem, as these may make a contribution to perceptions of how intelligent our subjects perceived themselves to be. For the Rosenberg General Self-Esteem measure we conducted a 2 × (Gender) 4 × (Sex-Role Category) factorial ANOVA (see Figure 4). The data was normally distributed, and all assumptions were met. There was a significant main effect of gender, F(1, 219) = 6.71, p = 0.010, η2 = 0.03, with males giving higher self-reports of general self-esteem than females (d = 0.40). Additionally there was a significant main effect of sex-role category, F(3, 219) = 7.88, p < 0.001, η2 = 0.10, but no interaction between these terms. The effect of sex-role category was stronger than the social category of gender. In line with experimental hypotheses, a planned contrast confirmed that masculine and androgynous subjects reported higher general self-esteem scores than feminine and undifferentiated, t(225) = 4.62, p < 0.001, d = 0.62, which was a medium sized effect. Significant gender and sex-role differences indicate support for H3.
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FIGURE 4. Rosenberg General Self-Esteem scores across gender and sex-role categories (error bars represent the standard error of the mean).


We repeated the factorial ANOVA for the academic self-esteem measure. As was the case with general self-esteem, males reported significantly higher academic self-esteem than females, F(1, 219) = 15.01, p < 0.001, η2 = 0.06. A significant main effect of sex-role category, F(3, 219) = 6.04, p = 0.001, η2 = 0.08, was also found. However, the interaction was not significant, and again the sex-role identification effect was slightly stronger than gender. The planned contrast demonstrated that participants with high masculinity (masculine and androgynous sex-roles) reported significantly higher academic self-esteem than participants with low masculinity (feminine and undifferentiated sex roles), t(225) = 4.26, p < 0.001, d = 0.57, which is a medium effect size.



Bivariate Correlations

Bivariate correlations between all measures are reported in Table 2. Directions of correlations were consistent with previous literature, with gender and masculinity being significantly correlated with self-estimated IQ, both measures of self-esteem, and with IQ discrepancy scores (defined as self-estimated IQ—Cattel IQ). Additionally, self-estimated IQ was positively correlated with Cattell IQ scores, general self-esteem and academic self-esteem.


TABLE 2. Bivariate correlations between gender and sex-role measures, self-estimated intelligence, measured intelligence, general and academic self-esteem (N = 228).
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Predictors of Gender Differences in Self-Estimated Intelligence

Next, we set out to explore possible explanations for the male hubris, female humility effect. In the sample, the correlation between SEI and measured intelligence was just at the cusp of being medium in strength, r(228) = 0.30, p < 0.001, and the scatterplot confirmed it was linear in nature. This is consistent with past research that finds people are generally sound judges of their intelligence.

One possible explanation for the MHFH effect might be that males and females greatly differ in the accuracy of their judgments of self-estimated intelligence though. To rule out this explanation, we examined the bivariate correlation between SEI and measured intelligence for males and females separately (see Figure 5). The correlation between SEI and measured intelligence was slightly higher for males, r(103) = 0.33, p < 0.001, than for females, r(124) = 0.26, p = 0.004, but again, both fell in the small to medium range of effect sizes and any difference most likely reflects sampling error. To confirm this, Fisher’s r-to-z transformation was applied to assess the significance of the difference between the two correlation coefficients rmale and rfemale, zdif = 0.57, p = 0.284 (1-tailed), indicating no difference. Thus, we were able to rule out the possibility of differences in accuracy between males and females as an explanation for the male hubris, female humility problem. As can be seen in Figure 5 though, visual inspection does suggest a tendency for gender differences in direction, with more blue scores above the regression line and more green scores below.
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FIGURE 5. Scatterplot of association between self-estimated and psychometric IQ, for males and females, respectively.


Another plausible explanation for gender differences in SEI might be the contribution of self-esteem. Reported in Table 2, there was a moderate positive correlation between self-estimated intelligence and general self-esteem scores. However, it is also plausible that having a high intellect also makes a positive contribution to one’s general self-esteem, so we tested whether the correlation between SEI and general self-esteem remained significant after controlling for psychometric IQ. The positive correlation between SEI and Rosenberg General Self Esteem with CCFIT scores partialed out was still statistically significant, r = 0.30, p < 0.001, and of moderate strength (i.e., general self-esteem was associated with self-estimates of intelligence). As might be expected, the correlation between SEI and academic self-esteem was somewhat stronger, r = 0.45, though this is likely to be a bidirectional relationship.

To explore the joint effects of the social category of gender, sex-role identification, and general self-esteem, a hierarchical multiple regression was conducted on self-estimated intelligence scores (see Table 3). Psychometric IQ scores were entered at Step 1 in order to control for individual differences in actual intelligence, Fchg(1,223) = 22.71, p < 0.001, explaining approximately 9% of the variance in SEI. Next in Step 2, gender was entered in conjunction with sex-role identification (BSRI masculinity and femininity scores). Although only gender and masculinity were hypothesized to make a significant contribution to SEI scores, femininity was included to consider the possibility it also made a significant contribution. Together these factors resulted in an increased model fit, Fchg(3,220) = 20.76, p < 0.001, explaining an additional 20% of variance in the dependent variable of SEI. Both gender and masculinity scores were significant predictors. Finally at Step 3, General Self-Esteem scores were entered to test the hypothesis that self-esteem may still be a contributing factor. This resulted in a small increase in model fit, Fchg(1,219) = 4.39, p < 0.001. The final model was statistically significant, F(5, 219) = 19.36, p < 0.001, accounting for 31.7% of the variance in individual self-estimates of intelligence. As can be seen from the table, even after controlling for individual differences in measured intelligence (β = 0.27), the three hypothesized predictors of gender, masculinity and general self-esteem made significant and unique contributions. Gender was the strongest predictor, followed by measured intelligence, masculinity, and finally a smaller contribution of general self-esteem which had considerable overlap with the other predictors.


TABLE 3. Hierarchical multiple regression of self-estimated intelligence scores (N = 228).
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Statistical Mediation

We next examined whether masculine sex-role identification (masculinity score as a continuous variable) acted as a statistical mediatior in the relationship between gender and SEI scores. Baron and Kenny (1986) proposed three criteria for establishing statistical mediation. Firstly, the predictor (gender) should predict the dependent variable (SEI). Secondly, the predictor must be correlated with the proposed mediator variable (masculinity, shown as Path A). Thirdly the mediator must correlate with the dependent variable (SEI) even after controlling for the contribution of the predictor (shown as Path B). The Sobel test of statistical mediation was significant, Sobel z = −2.55, p = 0.010, and calculation of the bootstrapped estimate of the indirect effect showed that it differed significantly from zero (95% CI = −2.26 to −0.41), following the bootstrapping criteria outlined in Preacher and Hayes (2004). As the mediation effect was significant, we then tested whether the relationship was fully or only partially mediated (Baron and Kenny, 1986). In a full mediation model, the association between predictor and dependent variable will no longer be statistically significant after controlling for the mediator (i.e., all of the effect of the predictor acts indirectly through the mediator, and does not make a direct contribution). This relationship is represented by Path C in Figure 6. Though diminished, the beta weight remained statistically significant, indicating that the relationship was only a partial mediation. Though acting indirectly through masculine sex-role identification, there was still a direct contribution of gender to SEI scores.
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FIGURE 6. Indirect effect of gender on SEI, with masculine sex-roles acting as a mediator on self-estimated intelligence. Path C’ represents the direct effect of gender after controlling for the mediator. *** p < 0.001.


Having identified in the multiple regression analysis that biological sex made a slightly stronger contribution to SEI than measured intelligence, sex-role identification, and general self-esteem, we sought to quantify how large the discrepancy between self-estimates and measured intelligence was. A composite variable representing the difference between self-estimated and measured intelligence was created, with positive values indicating higher SEI than measured intelligence. An independent samples t-test on IQ discrepancy scores confirmed a significant gender difference, t(225) = 3.04, p = 0.003, d = 0.40. Visual inspection of the discrepancy scores showed that on average, males in our sample demonstrated fairly sound judgment in appraising their intelligence (M = −0.35, SD = 13.61), but that there was also wide variability with some males greatly overestimating their intelligence and some males underestimating (range = −27 to + 38 IQ points). However, females systematically undervalued their intellectual capabilities by over six IQ points (M = −6.34, SD = 15.83), and for those female participants that did offer inflated self-estimates, these were much smaller in size (range = −41 to + 25 IQ points). Only the female discrepancy scores differed significantly from zero however (p < 0.001).

Next, a 2 × (Gender) 4 × (Sex-Role Category) factorial MANOVA was performed on the nine self-estimates of Gardner’s multiple intelligences. As the cell size differed across sex-role category and Box’s M was significant (p < 0.001), Pillai’s trace was selected as the more conservative estimate. Assumptions of normality and homogeneity of variance were met. In line with previous research, there was a significant multivariate effect of biological sex, F(9, 212) = 7.02, p < 0.001, η2 = 0.23, which is a medium to large effect. There was also a significant multivariate effect of sex-role identification, F(27, 642) = 2.22, p < 0.001, η2 = 0.09, though there was no significant interaction, F(27, 642) = 1.02, p = 0.437. As the overall multivariate effects were significant and of non-trivial size, this justified examination of univariate effects without a need to apply a Bonferroni correction (c.f., Huberty and Morris, 1989). For ease of comparison, sex and sex-role differences are reported separately in Tables 4, 5, respectively. Five of the nine multiple intelligence domains showed significant differences between males and females, with effect sizes ranging from small to large.


TABLE 4. Gender differences on self-estimated multiple intelligences.
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TABLE 5. Sex-role differences in self-estimated multiple intelligences.
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Table 5 presents sex-role differences across the nine multiple intelligence domains. Although gender differences were not present for every domain (Table 4), there were significant sex-role differences for each of the domains. Accordingly, a planned linear contrast was conducted comparing the high masculinity groups (masculine + androgynous) with the low masculinity groups. Masculine persons reported significantly higher self-estimates of multiple intelligences, with effect sizes ranging from quite small to medium in size.




DISCUSSION

The goal of the present study was to investigate psychological factors that contribute to the widely observed male hubris, female humility effect. These include baseline psychometric intelligence, general self-esteem, and sex-role identification (masculine and feminine personality traits). By including a suitable measure of psychometric intelligence, we were also able to rule out certain explanations for the MHFH effect, such as genuine differences in measured intelligence between the males and females recruited due to sampling bias, as well as discrepancies in the accuracy of self-estimated intelligence in one or both genders. What we found was a more nuanced picture that gives support to a multifactorial model for explaining gender differences in self-estimated intelligence. Furthermore, we found sex and sex-role differences for some but not all multiple intelligence domains, consistent with cultural gender stereotypes about certain intellectual domains. We first review support for the experimental hypotheses and then discuss the important social and educational implications of this pattern of results.

Hypothesis 1 was supported, with males reporting higher SEI scores than females as found in previous studies (Syzmanowicz and Furnham, 2011). Our observed effect (d = 0.74) was somewhat larger than that typically reported but in line with some studies reporting quite large gender differences (Bennett, 1996; Zhang and Gong, 2001). It may be driven in part by the sex-role composition of our sample as the planned contrast confirmed a similarly large sex-role effect (d = 0.62) between high and low masculinity subjects which supported Hypothesis 2. A previous study by Szymanowicz and Furnham (2013) also found sex-role differences, with masculinity predicting self-estimates of general intelligence and multiple intelligences consistent with our study.

However, inspection of the distribution of SEI scores highlights some key differences to that typically described in SEI studies. The better-than-average effect is widely regarded as a truism in the literature (Alicke et al., 1995) for it has been so widely reported (for a review see Kruger and Dunning, 1999). Paulhus et al. (1998) claim that “rarely do people rate themselves as “below average,” p. 526. It is difficult to determine with any certainty how valid such claims are, however, as despite the large number of studies on self-estimated intelligence histograms are rarely presented. But on inspecting the histogram in Figure 2, there were an inordinately high number of participants that saw themselves as having below average intelligence. The stimulus material provided an anchoring frame of 100 as “average intelligence,” following the methodology of Furnham and colleagues. So it is unclear whether this results from a fundamental difference in the composition of our observed sample, or is instead a Hawthorne effect from the knowledge that subjects would soon complete a psychometrically valid IQ test. As noted, a number of studies use a proxy test like the Raven’s Progressive Matrices, or the Wonderlic Personnel Test, but these stimulus materials do not explicitly identify them as IQ tests; thus they may be less imbued with power in the minds of our participants as an “actual IQ test.” Might this have tempered somewhat the tendency to give inflated self-estimates for social desirability reasons, and altered behavior accordingly? Alternately, differences in the characteristics of our sample may be responsible, given the percentage of students from non-psychology faculties and broader diversity of sex-roles. Only replications of the study will be able to shed more light on this matter, but we strongly recommend that future studies report information on the distribution of SEI scores and the number of subjects who rate themselves as below average. It is also possible that it may be tapping into personality traits such as honesty-humility, as found by previous studies (Kajonius, 2014).

Consistent with previous studies, we also found predicted gender differences in general self-esteem and of comparable size (Gentile et al., 2009). Additionally, masculine/agentic personality traits appear to confer benefits for overall self-esteem as well as academic self-esteem (Whitley, 1983; Hirschy and Morris, 2002), which is important as this hypothesis has rarely been examined in recent years and may have been subject to shift as gender-norms change. Observed correlations between masculinity and general self-esteem (r = 0.26) are of similar strength to those reported in other studies (Hirschy and Morris, 2002). Thus, both sex and sex-role identification contribute jointly to self-esteem, affirming Hypothesis 3. To our knowledge, few researchers have empirically tested the contribution of general self-esteem to self-estimates of general intelligence. Only a single study, by Mirjalili et al. (2011) could be located, finding a correlation between Rosenberg Self-Esteem scores and SEI of r = 0.32 in a sample of Iranian boys and girls. Gender differences in general self-esteem though may in turn contribute to SEI scores, though causation cannot be established with a correlational design.

Subjects in our study were also reasonably astute judges of their own intellectuality, with a moderately sized positive correlation between SEI and psychometric IQ, consistent with Hypothesis 4. The observed effect size was comparable to previous studies (Paulhus et al., 1998), and one possibility that we were able to rule out as an explanation for the MHFH was that one or both genders held “completely unrealistic” views of their abilities as might be suggested from the label of male hubris or female humility. Instead, what emerged from the results of the multiple regression analysis was a multifactorial explanation for the MHFH effect. Affirming Hypothesis 5, there were significant independent contributions of biological sex, masculinity, and general self-esteem on self-estimates even after controlling for the contribution of psychometrically measured intelligence. Furthermore, the association between biological sex and SEI was statistically mediated by masculinity.

Additional investigation of discrepancy scores showed that males were fairly close in their self-estimates (but keep in mind this may have been tempered by the knowledge their estimates would be compared against their pending IQ test scores). However, there was still a tendency in females to underestimate their intelligence by an average of 6.32 IQ points (or almost half a standard deviation). This, when combined with the self-esteem and sex-role mediation effects, offers a broader explanation for the MHFH effect—we have a more nuanced picture than rather than simply the social category of male and female determining self-estimates.

While there was firm evidence for gender and sex-role differences in self-estimates of “global” intellectual ability for our sample, this did not extend to all multiple intelligences (Hypothesis 7). Consistent with Syzmanowicz and Furnham’s (2011) meta-analysis there were gender differences for logical-mathematical as well as spatial intelligence which are stereotypically regarded as masculine and which the authors termed domain-masculine IQ (DMIQ). Across the stereotypically feminine intelligence domains of verbal, interpersonal and intrapersonal (collectively regarded by laypersons as “emotional intelligence”) we did not see evidence of male hubris. However, despite being relatively small in magnitude, we did observe significantly higher male estimates for bodily-kinesthetic, naturalistic and existential/spiritual intelligence. In addition, there was firm support for sex-role differences in multiple intelligences, with masculine and androgynous subjects reporting higher estimates than feminine and undifferentiated. This also replicates results found in a previous study by Szymanowicz and Furnham (2013). Somewhat surprisingly however, these effects were observed even on stereotypically feminine intellectual domains, though again, the effect sizes were small-to-medium. The previous study failed to find significant sex-role differences on emotional intelligence (represented by inter- and intra-personal intelligence in the current study).


Social and Educational Implications

Though widely observed, for decades researchers have struggled to identify and understand the psychological factors contributing to the male hubris, female humility effect. While a mild self-enhancing bias may be protective and to some degree self-fulfilling, the psychological consequences of inaccurately calibrated estimates of intellectual ability can also be damaging. Unrealistically inflated estimates may set students up for future discouragement and failure if their reach exceeds their grasp: in the United States, college completion rates have been steadily declining and disproportionately affect males (Bound et al., 2010), while the percentage of Ph.D. students who start but do not complete a Ph.D. exceeds 50% (Most, 2008). Perhaps even more problematic though is the effect of underestimation on achievement motivation, course selection and educational aspirations (Eccles, 2013): if you tell yourself that you can’t, then you’re right—you won’t. Systemic differences in self-estimated intelligence for an entire social class (women), has serious social, educational and financial implications that cannot be understated. Furthermore, we found evidence that self-esteem and sex-role identification are also predictors of female hubris—and one must be mindful that there were also males in our sample who saw themselves as below average. Educators should also be reminded of the effect that praise and encouragement can have for students who underestimate their abilities, as well as the effect that negative gender stereotypes and implicit bias can have on impressionable young students. While disingenuous or inflated praise can sometimes backfire (“the praise paradox,” Brummelman et al., 2014), as educators we should also be mindful that students might not always recognize their full potential. Dweck (2002) notes that strategic praise can increase academic motivation in such students (particularly when paired with a growth mindset), which also has a follow-on effect with course selection (Eccles, 2013).

Parental beliefs about differential intellectuality of sons and daughters reflect larger cultural beliefs that implicitly associate men and masculinity with intelligence (Nosek et al., 2002). Research on intelligence is unequivocal that men and women do not differ in objectively measured intelligence (Neisser et al., 1996), and endorsement of explicit beliefs that one gender is superior is quite rare (Swim, 1994). However, implicit beliefs differ, as do parental estimates of the intelligence of sons and daughters (Beloff, 1992; Furnham and Rawles, 1995). Rigid adherence to gender-roles, particularly in the educational context is problematic. Socio-cultural transmission of gender stereotypes (through parents, teachers, peers and media) may be in part fueling this phenomenon (Kollmayer et al., 2018), but there’s also individual variability in the extent to which these are internalized. Masculine personality traits appear to be a protective factor, as well as predicting general self-esteem.



Limitations and Directions for Future Research

A previous study by Kajonius (2014) found that the personality trait of honesty-humility also predicted self-estimated intelligence, and that there are likely social desirability factors at play. Additionally, it is plausible that some participants may have had knowledge of either the male-hubris/female humility effect, or that of the Dunning-Krueger effect. There is also the possibility that students’ self-perceptions of intellectual ability were shaped by being in an environment where they are provided feedback on assignments and examinations. While the ethnicity of students was not recorded, having an ethnically diverse sample which included international students might introduce the possibility of stereotype threat effects (Steele and Aronson, 1995), where students internalize negative stereotypes about particular ethnic groups.

As acknowledged above, we are also uncertain whether the number of people self-estimating themselves as below-average intelligence is a Hawthorne effect due to their knowledge that we would measure psychometric intelligence, or instead a difference in the composition of our sample. This is a point of difference from most previous studies on self-estimation of intelligence, as most previous studies have not coadministered an intelligence test. By their nature, university students are a self-selected sample and in Australia, go through the bottleneck of meeting certain educational achievement requirements. Could it be that lowered admission requirements and alternate entry pathways resulted in a markedly different sample to that found in typical American college subject pools? Or might the below-average effect observed here have been overlooked in previous studies? Further research is needed to explore this issue, and we advocate for coadministering measures of self-esteem and sex-role identification. It is hoped that further research will elucidate whether it is biological sex or psychological gender that better explains gendered patterns of self-estimated intelligence.




CONCLUSION

Possible explantions for the widely observed gender differences in self-estimated intelligence were investigated, which has also been termed the male-hubris female humility effect. We found that the issue is complex and nuanced, with no single cause emerging but rather that there were a number of contributing factors. Firstly, sex-role identification makes a significant contribution to intellectual self-image, with masculine/agentic personality traits leading to higher self-estimates. Secondly, we found a significant and independent effect of self-esteem to self-estimated intelligence. As females in our sample reported lower general self-esteem in line with the trend identified in the literature, this may be a strong factor underlying the male-hubris female humility effect. However further research is needed to elucidate the risk factors that identify patterns of over-/under-estimation of intelligence.
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FOOTNOTES

1A reflected log transformation was applied to the distribution and the analysis repeated, with no change in outcome. As the untransformed data was in a metric (IQ score) that was more meaningful, the untransformed data is reported. Additionally, the analysis was run with CCFIT as a covariate with no change in outcome.
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Gender differences in university students’ well-being and mental health are prominent concerns in higher education. During the COVID-19 pandemic, male and female students have reported specific stressors that have impacted their well-being and mental health, including difficulty concentrating, concerns about academic performance, and classroom workload. All of these stressors could be mitigated by instructional quality in courses. This study sought to better understand the associations between instructional quality and mental health impairment, i.e., poor mental health and high psychological distress, among male and female undergraduate students during the COVID-19 pandemic. We asked whether perceived instructional quality has a protective effect on students’ mental health with regard to academic stress and academic satisfaction across genders. We used longitudinal data from an ethnically diverse sample of 209 students (68% females, 82% freshmen, 50% Asian, 32% Hispanic, 13% White, 5% other) from a public university in Southern California, United States. Data were assessed during the winter and spring quarters of the academic year 2019–2020, i.e., before and after the outbreak of the COVID-19 pandemic in the US. Associations between instructional quality and students’ mental health impairment did not differ across genders. The findings indicated that perceived instructional quality at the beginning of the spring quarter 2020 was indirectly related to male and female students’ mental health impairment at the end of this quarter. This association was mediated by academic satisfaction. This finding points to a protective effect of instructional quality on students’ mental health. However, no effect was found concerning changes to mental health. Gender differences occurred in the link between academic stress and mental health impairment. Academic stress was a stronger predictor of mental health impairment for female students compared to male students. Furthermore, for female students alone, academic stress predicted changes in mental health impairment. We discuss practical implications for higher education. First, our study highlighted that instructional quality in higher education courses might lead to academic satisfaction and thereby help protect university students’ mental health. Second, higher education might consider providing additional support for (female) students to improve their stress management. We argue that improving and enhancing the academic environment are more important than reducing the burden of stressors.
Keywords: gender differences, higher education, instructional quality, mental health impairment, academic stress, academic satisfaction
INTRODUCTION
University students’ well-being, mental health, and interrelated factors like stress are prominent concerns in higher education. An alarming percentage of university students report high rates of stress, depressive symptoms, or anxiety as a consequence of multiple stressors (Eisenberg et al., 2013). The unprecedented circumstances of the COVID-19 pandemic have posed additional risks to university students, compelling them to balance an even greater number of stressors simultaneously, consequently impacting their mental health (Son et al., 2020; Smith et al., 2021). Female students especially have reported greater mental health impairment, i.e., poor mental health and higher psychological distress, during the pandemic than male students (Elmer et al., 2020).
During the COVID-19 pandemic, students have experienced several stressors, such as difficulty concentrating, concerns about academic performance, and classroom workload (Son et al., 2020; Smith et al., 2021; Usher et al., 2021). Instructors may be able to help their students cope with these stressors by improving the quality of their instruction. Instructional quality could thus be viewed as a protective factor, one that could mitigate academic stress and mental health impairment. However, to date, little research has been conducted on the extent to which instructional quality alleviates the adverse effects of academic stressors, enhances academic satisfaction, and, consequently, stabilizes or improves the mental health of university students, especially during the COVID-19 pandemic. Furthermore, even though interindividual differences in terms of stressors and protective factors have been indicated (Acharya et al., 2018; Rubach et al., 2020), gender differences in these regards have been examined less frequently. Accordingly, the current study sought to better understand the associations between instructional quality, academic stress, academic satisfaction, and mental health impairment among male and female undergraduate students during the COVID-19 pandemic. We asked whether these students’ academic stress and satisfaction mediate the effect of instructional quality on mental health impairment. Furthermore, we aimed to determine whether the instructional quality of online university courses has a protective effect on students’ mental health across genders, i.e., if instructional quality is associated with reduced mental health impairment or has positive impacts on the mental health of male and female students.
We believe that our findings are highly valuable for higher education. For instance, our results might help faculty to become better informed about how to maintain and improve the mental health of their male and female students and, in doing so, ensure more equitable academic development for all of their students. Furthermore, our results highlight the need to provide high-quality instruction programs for faculty.
Relation between Instructional Quality, Academic Stress, Academic Satisfaction, and Mental Health Impairment
The Social Environments’ Impact on Mental Health: A Theoretical Overview
The main effect model (Cohen et al., 2000) describes the relations between the social environment and individuals’ mental health. According to this theory, social interactions and support impact mental health through 1) health-relevant biological influences, 2) health-promoting behaviors, and 3) psychological states, i.e., emotions and cognitions (see Cohen et al., 2000). Individuals’ psychological states, such as academic stress and academic satisfaction, mediate the relations between social interactions and mental health. Additionally, these relations can be expected to be bi-directional in that individuals’ mental health also impacts the social environment. Based on the tenets of the main effect model (Cohen and Wills, 1985; Cohen et al., 2000), our study focused on the bi-directional associations between instructional quality (indicator of social interaction) and university students’ mental health impairment, academic stress, and academic satisfaction (indicator of psychological states, see Figure 1).
[image: Figure 1]FIGURE 1 | Theoretical tested model.
The Concept of Instructional Quality
Guided by the main effect model (Cohen and Wills, 1985; Cohen et al., 2000), we assumed that university students who attend classes in which the quality of instruction is higher should experience less stress and more satisfaction and, thereby, less severe mental health impairment. The goal, then, was to determine whether this assumption is actually true.
Many scholars have asked about how teaching positively impacts students’ academic development (see Devine et al., 2013; Roksa et al., 2016). Such questions have included discussions about instructional quality, which has been defined as multidimensional (Ainley and Carstens, 2018). Two international frameworks (Klieme et al., 2009 (basic dimensions of instructional quality); Pianta and Hamre, 2009 (conceptual framework for classroom interactions)) predict that instructors who use strategies related to classroom management/classroom organization, student (emotional) support, and cognitive activation/instruction provide an effective and cognitively stimulating academic environment. Our study investigated the impact of these three dimensions, which we labeled “classroom management,” “student support,” and “cognitive activation,” on students’ academic stress, academic satisfaction, and mental health impairment. The dimension “classroom management” refers to instructional strategies aimed at effectively managing learning and avoiding class disruptions by organizing, monitoring, and managing various class settings related to time, resources, assignments, and rules (Praetorius et al., 2018). Classroom management also includes clear instructions, e.g., clearly stated dates, deadlines, and learning goals (Klieme et al., 2009; Pianta and Hamre, 2009). The dimension “student support” and related instructional strategies seek to create a positive learning climate and positive relationships (both teacher-to-student and student-to-student relationships) to improve teachers’ and students’ motivational beliefs and emotional well-being in class (Praetorius et al., 2018). The dimension “cognitive activation” includes instructional strategies designed to stimulate and support students’ cognitive processes and construct and reinforce conceptual understandings and relevant content knowledge for all students (Praetorius et al., 2018). These frameworks have been used in international large-scale assessments—e.g., TALIS 2018, PISA 2012, or TIMSS 2000—to conceptualize instructional quality (see Praetorius et al., 2018). Previous research supports the assumption that all three dimensions are positively related to students’ academic development, e.g., students’ well-being, motivational beliefs, and performance (Dorfner et al., 2018; Kunter et al., 2008; Rubach and Lazarides, 2021).
The COVID-19 pandemic has prompted rapid changes in the personal and professional lives of both faculty and students at universities. Within a short period of time, courses shifted to an online format, referred to as Emergency Remote Teaching (ERT, Hodges et al., 2020). This unexpected and abrupt transition resulted in numerous changes to how courses were taught. Instructors had to teach and students had to learn in an online environment reliant upon various technologies and digital resources. In this environment, the success of online courses depended on, for example, the digital literacy of instructors and students, instructors’ experience administering online courses, and instructors’ knowledge of the pedagogical benefits and limitations of online courses (Ferri et al., 2020; Mishra et al., 2020; Adedoyin and Soykan, 2021; Brunetto et al., 2021; Lemay et al., 2021).
Teachers taught their courses either synchronously or asynchronously, or combined both approaches (hybrid format). Most instructors used learning management systems (LMS), video platforms and offered live instruction, delivered teacher-centered presentations, and provided learning materials in the form of short videos or digital texts (Mishra et al., 2020; Lemay et al., 2021). The issue here was that traditional, well-known methods were adapted to an online environment without incorporating the established benefits of online instruction (Adnan and Anwar, 2021).
With respect to the three dimensions of instructional quality, instructors and students reported changes in teaching and learning in online courses compared to in-person courses. These changes were both beneficial and challenging (see Khan, 2021). One challenge noted concerning the shift to remote teaching was that instructors had no or limited experience and knowledge related to classroom management in online courses, such as what rules to implement in video calls, or how to effectively structure courses, or how to monitor student learning and thwart disruptive behaviors (Brunetto et al., 2021). In the online environment, student support was also challenging for both students and faculty. Both groups reported a lack of personal interaction, low student engagement in class, and altered communication processes, such as more asynchronous individual communication and more synchronous group communication (Ferri et al., 2020; Khan, 2021). Another observed challenge was low motivation among students and ineffective methods to individually support students’ learning processes (Ferri et al., 2020; Mishra et al., 2020; Lemay et al., 2021). Cognitive activation was also perceived as a challenge: Teachers reported a decline in the quality of student work and felt that they were overwhelming their students (Lemay et al., 2021). Regardless of these challenges, however, the quality of instruction in the online environment nonetheless had an impact on student development (see Aristovnik et al., 2020; Usher et al., 2021; Yu et al., 2021).
How Does Instructional Quality Impact Students’ Academic and Personal Outcomes?
Empirical evidence on links between instructional quality as experienced by students and their experience of academic stress, academic satisfaction, and mental health impairment are described in the following. Furthermore, we discuss the indirect effect of instructional quality on students’ mental health impairment as mediated by students’ academic stress and academic satisfaction.
Instructors who implement classroom management, student support, and cognitive activation strategies in their course can protect their students from becoming frustrated or confused, which can in turn positively impact students’ academic satisfaction and reduce their stress (Cassel, 1976; Cobb, 1976; Rubach and Lazarides, 2021). Particularly in the first quarter following the outbreak of the COVID-19 pandemic and implementation of ERT, higher-quality instruction became particularly important as students were being exposed to multiple stressors, some of which were unprecedented, and instructors were in some ways responsible for mitigating these stressors. One university student stated that “the teacher’s effectiveness is key in online courses and probably even more so than traditional courses, because online courses can be just a string of homework assignments throughout the whole semester” (Smith et al., 2021, p. 790).
Overall, research supports the conclusion that instructional quality influences students’ academic stress: Courses involving higher workload or producing lower grades than anticipated can be particularly stressful (Acharya et al., 2018; Son et al., 2020). During the COVID-19 pandemic, students have reported that lower-quality instruction and slow learning progress have reduced their motivation to learn and increased their tendency to procrastinate (Son et al., 2020). Therefore, we predicted that higher-quality instruction would lowered stress among students during the COVID-19 pandemic. Supporting this prediction, studies have shown that students who have been satisfied with the quality of instruction in courses during the COVID-19 pandemic have also experienced less academic stress (Aristovnik et al., 2020; Usher et al., 2021; Yu et al., 2021).
Furthermore, students have reported greater academic satisfaction and more positive emotions when enrolled in classes with high-quality instruction (Sax et al., 2005; Artino, 2008; Lee, 2010; Ralston-Berg et al., 2015; Habe et al., 2021; Holzer et al., 2021). Students have also reported that higher instructional quality is one of the most important features of courses, increasing their satisfaction and well-being (Smith et al., 2021). Further, higher instructional quality likely culminates in more positive emotions and reduces the likelihood of negative emotions in courses (Rubach and Lazarides, 2021).
Guided by the main effect model, we further hypothesized an indirect link between instructional quality and students’ mental health impairment as mediated by their association with academic stress and academic satisfaction. As described above, instructional quality is associated with academic stress and academic satisfaction, both of which in turn influence mental health impairment (Acharya et al., 2018; Rezaei et al., 2015; Shankar and Park, 2016; Shi, 2021). Therefore, we assumed that academic stress and academic satisfaction mediate the link between instructional quality a3nd mental health impairment.
How Does Mental Health Impacts Students’ Academic Outcomes?
According to the main effect model (Cohen and Wills, 1985; Cohen et al., 2000), researchers must account for the bi-directional effects between instructional quality and students’ mental health impairment. Through these bi-directional effects, individuals’ mental health can be expected to impact their perceptions of their social environment. Findings have shown that students with poorer mental health perceive their environment more negatively than those with better mental health. For example, students with poorer mental health perceive less support from their teachers (Tinklin et al., 2005; Rubach et al., 2020). In addition, poorer mental health also leads to less satisfaction and more stress if associated mental health impairments have not been adequately treated (Lipson and Eisenberg, 2018; von Keyserlingk et al., 2021). These results support the theorized bi-directional links between social support, psychological states, such as satisfaction and stress, and mental health as described in the main effect model (Cohen and Wills, 1985; Cohen et al., 2000).
Investigating such bi-directional effects is essential for research on the impact of the COVID-19 pandemic on students’ academic development. In terms of stress, the COVID-19 pandemic has caused increased stress among university students on multiple levels (von Keyserlingk et al., 2021). The future health impacts of the COVID-19 pandemic remain unknown. Furthermore, changes in social interactions and work/academic settings due to lockdowns and the imposition of pandemic-related safety measures have heightened stress, decreased students’ academic satisfaction, and adversely affected mental health (see Aristovnik et al., 2020; Schiff et al., 2020). University students have reported increased stress related to their coursework, have admitted to procrastinating more often, and have decried disruptions to their study-life balance since the outbreak of the COVID-19 pandemic in spring 2020 and subsequent lockdowns in the US (von Keyserlingk et al., 2021). Additionally, as predicted by Cohen et al. (2000), students who had poor mental health before the COVID-19 pandemic have suffered from a worsening decline in their academic stress as the pandemic has dragged on (von Keyserlingk et al., 2021).
There are, however, particular deficiencies in the extent of research on the bi-directional interrelation of instructional quality and students’ academic development in the context of higher education. To our knowledge, no study has investigated the bi-directional effects between mental health, instructional quality, academic stress, and academic satisfaction across multiple time points within a single academic quarter. We argue that a better understanding of these associations is critical for determining the relevance of instructional quality to healthy academic development among students in higher education and for identifying strategies to enhance higher education teaching.
Prevention and Intervention: The Importance of Instructional Quality
This study focused on the relation between instructional quality and students’ mental health. Tinklin et al. (2005) noted the significance of finding resources in higher education that would positively impact students’ mental health. One important question in this regard is the extent to which instructors can protect students from experiencing mental health impairments. Higher-quality instruction may serve this aim through either prevention or intervention. Prevention is geared toward reducing the risk of negative outcomes through, for example, targeted reinforcement of relevant competencies and beliefs. Doll et al. (2014) claimed that “school classrooms can become resilient communities that provide essential support and guidance so that vulnerable children can learn and be successful.” If so, then instructors who use teaching strategies to structure classes, outline clear expectations and deadlines, and offer individual support might prevent or mitigate stress and anxiety among their students concerning, for instance, exams, which, in turn, would promote better mental health. In contrast, intervention is understood as an intentional, proactive method “to interfere with and stop or modify a process” (American Psychological Association, 2020). In the context of instructional quality, instructors could offer feedback tailored to individual students who fail an exam and are experiencing high levels of stress and test anxiety.
This study, however, was designed to investigate the extent to which students are less likely to experience stress and mental health impairment and more likely to be satisfied in a high-quality instructional environment when, for example, they are fully aware of coursework deadlines, receive constructive feedback tailored to their individual performance, and experience learning improvements. First, we focused on the indirect effect of instructional quality on mental health impairment through academic stress and academic satisfaction across multiple time points. Second, we incorporated prior mental health impairment to investigate its association with perceptions of instructional quality, academic stress und academic satisfaction. This approach permitted 1) the investigation of the bi-directional effects between instructional quality and mental health impairment, and 2) the determination of whether instructional quality is associated with changes in university students’ mental health.
Gender Differences in the Impact of Instructional Quality and Mental Health
Do gender differences exist in the processes discussed so far? Do female university students respond more strongly to the academic stressors associated with the COVID-19 pandemic than their male peers? Existing evidence suggests that they do: Female students have reported higher academic stress, i.e., study-life balance stress (Kecojevic et al., 2020; Moksnes et al., 2010; von Keyserlingk et al., 2021) and greater mental health impairment (Corrigan et al., 2016; Elmer et al., 2020), but also higher academic satisfaction (Jager and Gbadamosi, 2013; Habe et al., 2021), than male students. Determining mean-level differences across genders can help to identify which groups might benefit most from intervention programs. In addition, examining the underlying mechanisms behind such mean-level differences across groups can allow us to better understand whether the same intervention might be equally effective for both genders. This approach could help to create equitable opportunities for both genders in higher education. We thus argue that it is essential to investigate whether mechanisms of academic development differ between male and female students.
Based on prior findings, we predicted that instructional quality matters more to female students’ than male students’ mental health and academic satisfaction. For example, in one study, social support by teachers decreased depressive symptoms among female students alone (Rubach et al., 2020); and, in another study, female students who felt they were not taken seriously by their instructors reported lower academic satisfaction (Sax et al., 2005). In contrast to male students, female students also deemed instructional quality to be more relevant to them (Heine and Maddox, 2009; Jung, 2012). Lastly, female students perceived stressors related to coursework to be greater than did their male peers, i.e., stress caused by increased class workload or receiving lower grades than anticipated (Acharya et al., 2018). These results suggest that instructional quality is more salient for female students in terms of their academic development in higher education.
Moreover, gender differences emerged in the associations between academic stress and mental health impairment. For example, stress caused by academic performance was negatively associated with mental health for female students, but not for male students (Zuckerman, 1989; Hubbard et al., 2018). On the other hand, male students coped with stress by becoming more proactive in their stress response (Zuckerman, 1989). Therefore, we predicted a stronger association between stress and decline in mental health for females than for males as well as a stronger association between instructional quality and academic stress for females than for males. Although equitable academic development opportunities for male and female university students should be an a priori goal, the finding that more female than male students suffer from mental health impairment and stress conflicts with this goal (Corrigan et al., 2016; Elmer et al., 2020; Rubach et al., 2020). It is therefore essential to determine which factors protect against mental health impairment in female students. One factor is, of course, instructional quality, as female students, as mentioned above, consider instructional quality to be more important for their academic development than do their male peers (Jung, 2012). As such, we predicted that instructional quality would be more strongly associated with female students’ mental health than with that of male students. Since we, as noted above, consider academic stress and academic satisfaction to be mediators, we predicted that the strength of this mediation would be stronger for female students than for their male counterparts.
The Present Study
The present study focused on the indirect link between instructional quality and university students’ mental health impairment via academic stress and academic satisfaction during the COVID-19 pandemic. We posed three research questions:
(RQ1) To what extent has instructional quality protected students from mental health impairment via academic stress and academic satisfaction during the COVID-19 pandemic?
Hypothesis 1 We predicted that students’ experiences of instructional quality would be indirectly associated with mental health impairment in that perceptions of high-quality instruction in university courses positively affects academic satisfaction and negatively affects academic stress, both of which are associated with lower mental health impairment among students.(RQ2) To what extent is mental health impairment among students prior to the COVID-19 pandemic associated with their experiences of instructional quality, academic stress, and academic satisfaction during the COVID-19 pandemic?
Hypothesis 2 We predicted that students who had greater mental health impairment prior to the COVID-19 pandemic would report lower-quality instruction and academic satisfaction but higher academic stress during the COVID-19 pandemic.(RQ3) Do these associations differ across male and female students?
Hypothesis 3 We predicted that instructional quality would be especially important for female students with regard to their academic stress, academic satisfaction, and mental health impairment compared to male students.In this study, we focused on two types of courses during the spring quarter of 2020, as rated by students: 1) the most difficult course, and 2) the most important course. The students were also asked to explain the rationale for their ratings (see Supplementary Material, Supplementary Table S1). Concerning the most difficult course, the most common reason given by students for rating the course this way was that its content and tasks were overwhelming. Other reasons concerned the course teaching strategies and methods, its exam policy, low competence beliefs, and low motivation. Concerning the most important course, the most common reason given by students for rating the course this way was that it was a requirement for their major. Other reasons were that the course held personal value or was important for their future career path.The students were then asked to report on the instructional quality of the most difficult and most important courses. The association between students’ experiences of instructional quality in their most difficult and most important courses and their academic stress, academic satisfaction, and mental health impairment was subsequently investigated. This approach allowed us to examine interindividual differences between different courses rather than using only one course for generalization.
MATERIALS AND METHODS
Sample
The data for this study were derived from an the ongoing Next generation undergraduate success measurement project (Arum et al., 2021) project with a longitudinal and multi-cohort design at a public university in Southern California, United States. More specifically, we used data from the subproject “Improve Teaching, Motivational Beliefs, and Well-Being in Higher Education” (Rubach, Eccles, Simpkins and Arum, 2019-2021; see https://www.researchgate.net/project/IMPROVE-Teaching-Motivational-Beliefs-and-Well-Being-in-Higher-Education [02.02.2022]). This subproject investigates on the impact of instructional quality on students' positive development in higher education. The study was designed to investigate undergraduates’ experiences and successes. It was approved by the university’s Institutional Review Board (IRB). Each cohort was followed over the course of two academic year, with students participating in five surveys per year. All undergraduates in their freshman and junior years at the University of California, Irvine were invited to participate in the study via email. Those students who consented to participate in the study were asked to participate in additional, multiple weekly surveys for which they received course credits. Students who agreed to participate in this part of the study completed short weekly surveys throughout the entire academic year, i.e., data were collected for these students on their weekly academic development across the fall, winter, and spring academic quarters. The weekly surveys focused on course-specific and general questions—questions concerning, for example, a diverse range of course-related experiences, such as instructional quality, motivational beliefs, learning behavior, general well-being, and general college experiences (e.g., mental health, social belonging).
In the present study, we used the data from the first cohort, comprising 1,249 students. These data were collected in the 2019-2020 academic year, beginning in September. Data from this cohort was employed to investigate the impact of instructional quality on students’ academic stress, academic satisfaction, and mental health in the first quarter after the COVID-19 pandemic lockdown, spring 2020, when university courses had been converted to a remote, virtual format. From the full cohort, a subsample of 353 students participated in weekly surveys across the academic year (fall 2019 to spring 2020).
We focused on data generated by 209 undergraduates in winter and spring 2020 (age: M = 19.57, SD = 5.43). These students were selected as they had provided complete responses to at least 70% of the items used for this study. Of the subsample, 82% were students in their freshman year (18% were juniors). Additionally, the subsample had the following characteristics: 68% were female, 54.5% were first-generation college students, and 43.1% had a low family income background. Moreover, students were ethnically diverse (50% Asian; 32% Hispanic; 13% White; 5% other). Lastly, the students were enrolled in different majors (e.g., 39% social sciences; 29% life science; 18% STEM fields).
Instruments
The items, factor loadings, and internal reliability for the constructs are listed in the Supplementary Material, Supplementary Table S2.
Instructional Quality
Undergraduates reported on instructional quality in their most difficult and most important courses in the third week of the spring quarter 2020. In this study, we adapted existing items on instructional quality from PISA 2012 (OECD, 2013) and developed new items based on the three basic dimensions of the instructional quality framework (Klieme et al., 2009; Praetorius et al., 2018). We did not use existing instruments as they were not developed for higher education, and instruments on instructional quality had to be adapted to the particular context, i.e., the school system (see Praetorius et al., 2018). Therefore, we used either adapted or newly developed items to capture the dimensions of instructional quality and multiple subcategories of the three basic dimensions extracted from Praetorius et al. (2018): For classroom management, we included items that assessed the subcategories of clear rules and both routines and (effective) time use. For student support, we included items that measured the subcategory of competence support. For cognitive activation, the subcategories of challenging tasks and questions as well as exploring and activating prior knowledge were captured by the deployed items. Each dimension of instructional quality (classroom management (CM), student support (SS), cognitive activation (CA)) was assessed with three items. The response scale ranged from 1 = not at all to 7 = very much. High values of instructional quality indicated that students perceived teaching through multiple instructor behaviors in their courses to be of high quality.
Focusing on the instrument’s validity, the results of confirmatory factor analyses indicated that the theoretically described three-factor structure (with a higher-order factor of instructional quality) fit the data better than the one-factor structure, in which all items loaded on one factor (important course: higher-order three-factor model: χ2 24) = 28.84, p = 0.23, AIC = 5467.95, BIC = 5567.79, CFI =.994, RMSEA = 0.03, SRMR = 0.03; one-factor model: χ2 27) = 62.38, p = 0.00, AIC = 5524.46, BIC = 5614.31, CFI = 0.959, RMSEA = 0.08, SRMR = 0.04 difficult course: higher-order three-factor model: χ2 24) = 25.54, p = 0.38, AIC = 5745.57, BIC = 5845.55, CFI = 0.999, RMSEA = 0.02, SRMR = 0.02; one-factor model: χ2 27) = 85.59, p = 0.00, AIC = 5838.90, BIC = 5928.89, CFI = 0.944, RMSEA = 0.10, SRMR = 0.04). Furthermore, the correlations of the three dimensions of instructional quality (CM, SS, CA) with students’ most difficult and most important courses (CM—SS: 0.79*–0.84*; CM—CA: 0.78*–0.84*; CA—SS: 0.80*−0.82*) were similar to the coefficients reported in previous studies (CM—SS: 0.35*–0.69*; CM—CA: 0.49*–0.70*; CA—SS: 0.49*–0.66*; see Kunter et al., 2008; Holzberger et al., 2013). The instrument demonstrated predictive validity as the scales were associated with students’ academic outcomes, i.e., their competence beliefs (CB) and subjective task value (STV) in their most important course and most difficult course (CB: |0.24*–0.39*|, STV: |0.46*–0.50*|); these correlations evidenced the same effect range as that reported in previous studies (CB: |0.26*–42*|, STV: |0.32*–0.55*|; Sánchez-Rosas and Esquivel, 2016; Ruiz-Alfonso et al., 2021).
In our analyses, instructional quality was included as a higher-order factor regressed on the manifest scales of classroom management, student support, and cognitive activation.
Academic Stress
Academic stress was operationalized with three items adapted from the University Stress Scale by Stallman and Hurst (2016). Students were asked in the fifth week of the spring quarter 2020 how often in the past 7 days they had experienced stress because of 1) academic/coursework demands, 2) procrastination, and 3) study-life balance. The response scale ranged from 0 = never to 7 = every day and assessed the frequency of students’ perceived academic stress.
Academic Satisfaction
Three items assessed students’ satisfaction within their academic environment in week 6 of the spring quarter 2020. These items were developed for this study. Students were asked how satisfied they were with their courses, with their courses’ intellectual quality, and with the amount of support they received for learning in their courses. A slider from 0 = not at all to 100 = very much was used for these items. High values indicated that the students were very much satisfied with, for example, the learning support provided in all courses in which they were enrolled.
Mental Health Impairment
Students’ mental health impairment was operationalized with the K10 screening instrument for non-specific psychological distress by Kessler et al. (2002). This established instrument is an indicator for screening mood and anxiety disorders (Furukawa et al., 2003). We used 10 items to ask students how often they had experienced symptoms of psychological distress, such as feeling nervous, hopeless, depressed, or restless, in the third week of the winter quarter 2020 and in the ninth week of the spring quarter 2020. The response scale ranged from 0 = none of the time to 4 = all of the time. The instrument used in the winter quarter 2020 assessed psychological distress in a range of 7 days, whereas the instrument used in the spring 2020 quarter assessed psychological distress in a range of 30 days. These items were transformed into a sum score with higher values indicating higher psychological distress during the last 7 or 30 days.
Statistics
For all analyses, we used SPSS version 26 as well as MPlus version 8 (Muthén and Muthén, 2016). This study investigated differential associations between instructional quality, academic stress, academic satisfaction, and undergraduates’ mental health impairment across female and male students. Guided by IBM SPSS Statistics (2020), differences in scale ranges for instructional quality, academic stress, and academic satisfaction were transformed with linear interpolation into a scale ranging from 1 to 7.
Sample sizes were small, with fewer than 100 cases for the group of males. Therefore, for all analyses, path models were estimated. The constructs of academic stress, academic satisfaction, and mental health impairment were included as manifest indicators. Instructional quality, however, was added as a higher-order factor with the three dimensions as manifest constructs.
As a first step, measurement invariance across gender groups was investigated. We used the approach proposed by Marsh and others (2015); all constructs needed to be strong invariant with equal factor loadings and item intercepts of constructs across genders. We used cut-off criteria for samples smaller than 300 cases as defined by Chen (2007). A change of 0.005 in the comparative fit index (CFI), supplemented by a change of 0.010 in the root mean square error of approximation (RMSEA), can be interpreted as an indicator of invariance across genders. Marsh et al. (2015), however, emphasized that these cut-off values are rough guidelines. The results highlighted partial strong factorial invariance across genders for academic stress and academic satisfaction. Other investigated constructs were strong factorial invariant across genders. The results on measurement invariance are listed in the Supplementary Material, Supplementary Table S3.
In the following, we describe our stepwise approach of the data analyses guided by our research questions. Related to the first research question, two models (Models A.1 and A.2) investigated the links between instructional quality (week 3), academic stress (week 5), academic satisfaction (week 6), and mental health impairment (week 9, see Figure 1). In Model A.1, we included instructional quality in students’ most difficult course; whereas in Model A.2, we used instructional quality in students’ most important course (week 3). Related to the second research question (Models B.1 and B.2), we investigated whether undergraduates’ mental health impairment prior to the COVID-19 pandemic (week 3, winter quarter 2020) was associated with instructional quality (week 3, spring quarter 2020), academic stress (week 5, spring quarter 2020), academic satisfaction (week 6, spring quarter 2020), and mental health impairment (week 9, spring quarter 2020, see Figure 1). In Model B.1, we included instructional quality in students’ most difficult course; whereas in Model B.2, we included instructional quality in students’ most important course (week 3). In all models, the nested data within the most difficult/important course were taken into account (type = complex).
We used the multigroup approach and tested whether associations differed across female and male students across all four models regarding the third research question. Statistical differential effects were detected with the Wald χ2-test in Mplus (Kodde and Palm, 1986). A non-significant test indicates no meaningful differences across genders. Indirect effects were tested in the full model and the multigroup model for female and male students. The fit of the models to our data was evaluated using cut-offs of model fit indicators guided by Klin (2010) and Brown (2015): CFI ≥ 0.90 and RMSEA ≤ 0.08 for an acceptable model fit, and CFI ≥ 0.95, TLI ≥ 0.95, and RMSEA ≤ 0.06 for a good model fit. The Akaike information criterion (AIC) and Bayesian information criterion (BIC) were used to compare the baseline models with the multigroup models. We included students in this study with data on at least 70% of the items used for these analyses. Missing data were addressed using full-information maximum likelihood (FIML) estimation.
RESULTS
Descriptive Statistics
Intercorrelations of constructs are reported in Table 1. Instructional quality in both students’ most difficult and important courses (week 3) were positively associated with students’ academic satisfaction (week 6) during spring 2020 but were unrelated to students’ mental health impairment (week 3, winter 2020; week 9, spring 2020). Instructional quality in students’ most difficult courses (week 3) was related to students’ academic stress (week 5) during spring 2020. Academic satisfaction (week 6) and academic stress (week 5) were weakly negatively related to each other during spring 2020. Academic satisfaction (week 6) and academic stress (week 5) during spring 2020 were related to mental health impairment (winter 2020, week 3; spring 2020, week 9).
TABLE 1 | Descriptive statistics of all scales.
[image: Table 1]Instructional Quality on Mental Health Impairment Mediated by Academic Stress and Satisfaction
We first describe direct and indirect effects and gender differences for Model A.1 (instructional quality in students’ most difficult course, see Figure 2) and afterwards for Model A.2 (instructional quality in students’ most important course, see Figure 3). Again, these models only used data from spring 2020. The model fit indicators for all models, which are listed in Table 2, indicated that each multigroup model fit the data better compared to the baseline model without gender differences (see Table 3). The results of the Wald χ2 test on gender differences are reported in the Supplementary Material, Supplementary Table S4. The results on indirect effects are reported in the Supplementary Material, Supplementary Table S5.
[image: Figure 2]FIGURE 2 | Associations between Instructional Quality in Students’ most Difficult Course, Academic Stress, Satisfaction and Mental Health Impairment across Gender (Model A.1). Reported are standardized effects. Gender specific effects for female (n = 137) and male students (n = 62) are reported if the Wald χ2-test indicated meaningful differences in effects. The order of reported gender effects is: female/males. No gender differences exist if only one standardized effect is reported. *p ≤ 0.10, **p ≤ 0.05, ***p ≤ 0.001.
[image: Figure 3]FIGURE 3 | Associations between Instructional Quality in Students’ most Important Course, Academic Stress, Satisfaction and Mental Health Impairment across Gender (Model A.2). Reported are standardized effects. Gender specific effects for female (n = 137) and male students (n = 62) are reported if the Wald χ2-test indicated meaningful differences in effects. The order of reported gender effects is: female/males. No gender differences exist if only one standardized effect is reported. † p < .10, * p < .05, ** p < .01, *** p < .001.
TABLE 2 | Model fit indices across models.
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The results in Model A.1 (see Figure 2) indicated that instructional quality in students’ most difficult course predicted students’ mental health impairment through their academic satisfaction.
In detail, male and female students’ academic satisfaction (week 6) was explained by their reported instructional quality in their most difficult courses (week 3). Students’ reported instructional quality in their most difficult courses (week 3) was only marginally associated with their academic stress. Students’ academic stress (week 5) and academic satisfaction (week 6) predicted their mental health impairment (week 9). Male and female students’ academic satisfaction but not academic stress mediated the link between instructional quality in their most difficult courses (week 3) and their mental health impairment (week 9) (ßind = −0.08, SE = 0.03, p = 0.04, 95% CI [−0.13; −0.00]). Gender differences occurred, with academic stress (week 5) being a stronger predictor of mental health impairment (week 9) for female as compared to male students.
Instructional quality in students’ most difficult courses explained 18% of the variance in their academic satisfaction and 2% of the variance in their academic stress. The variance explanation supported gender differences, with 33% explained variance in mental health impairment for female students, and 15% explained variance in mental health impairment for male students.
Instructional Quality in Students’ Most Important Course (Model A.2)
The results in Model A.2 (see Figure 3) indicated that instructional quality in students’ most important course predicted their mental health impairment through their academic satisfaction.
In detail, higher perceived instructional quality in the most important course (week 3) predicted academic satisfaction (week 6) for both male and female students. In contrast, students’ academic stress was not predicted by their reported instructional quality in their most important courses (week 3). Students’ academic stress (week 5) and academic satisfaction (week 6) predicted their mental health impairment (week 9). Male and female students’ academic satisfaction but not academic stress mediated the link between instructional quality in their most important courses (week 3) and their mental health impairment (week 9) (ßind = −0.05, SE = 0.02, p = 0.02, 95% CI [−0.10; −0.01]). Academic stress (week 5) was a stronger predictor of mental health impairment (week 9) for female than for male students.
The explained variance was 9% for students’ academic satisfaction and 0% for students’ academic stress. The variance explanation supported gender differences, with 33% of the explained variance for mental health impairment for female students and 18% for male students.
Results of Bi-Directional Effects of Instructional Quality and Mental Health Impairment
We first describe direct and indirect effects and gender differences for Model B.1 (instructional quality in students’ most difficult course, see Figure 4) and afterward for Model B.2 (instructional quality in students’ most important course, see Figure 5). In these models, we used data from winter 2020 and spring 2020. Model fit indicators indicated that each multigroup model fit the data better compared to the baseline model without gender differences (see Table 3). The results of the Wald χ2 test on gender differences are reported in the Supplementary Material, Supplementary Table S4. The results on indirect effects are reported in the Supplementary Material, Supplementary Table S6 (Model B.1) and Supplementary Table S7 (Model B.2).
[image: Figure 4]FIGURE 4 | Associations between Instructional Quality in Students’ most Difficult Course, Academic Beliefs and Mental Health Impairment Changes Across Gender (Model B.1). Reported are standardized effects. Gender specific effects for female (n = 137) and male students (n = 62) are reported if the Wald χ2-test indicated meaningful differences in effects. The order of reported gender effects is: female/males. No gender differences exist if only one effect is visualized. † p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.
[image: Figure 5]FIGURE 5 | Associations between Instructional Quality in Students’ most Important Course, Academic Beliefs and Mental Health Impairment Changes Across Gender (Model B.2). Reported are standardized effects. Gender specific effects for female (n = 137) and male students (n = 62) are reported if the Wald χ2-test indicated meaningful differences in effects. The order of reported gender effects is: female/males. No gender differences exist if only one effect is visualized. † p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.
Instructional Quality in Students’ Most Difficult Course (Model B.1)
The results of Model B.1 (see Figure 4) indicated that instructional quality in students’ most difficult course was not predictive of students’ mental health impairment through their academic stress or academic satisfaction when prior mental health impairment was controlled. Hence, instructional quality was not related to changes in students’ mental health impairment from winter 2020 to spring 2020.
In detail, the results indicated that for both male and female students, higher mental health impairment (week 3) in winter 2020 predicted lower perceived instructional quality in their most difficult courses in spring 2020 (week 3). Male and female students’ higher mental health impairment (week 3) in winter 2020 was also linked to higher academic stress (week 5) and lower academic satisfaction (week 6) in the spring quarter 2020. For all students, the link between mental health impairment in winter 2020 and academic satisfaction in spring 2020 was mediated by their perceived instructional quality in their most difficult course in week 3 of spring 2020 (ßind = −0.07, SE = 0.03, p = 0.04, 95% CI [−0.14; −0.00]). Gender differences occurred with only female students’ higher academic stress (week 5), leading to higher mental health impairment from winter 2020 to spring 2020. Indirect effects indicated meaningful gender differences: Female students’ academic stress (week 5) mediated the association between their mental health impairment (week 3) in the winter quarter 2020 and their mental health impairment (week 9) in the spring quarter 2020 (ßind = 0.11, SE = 0.03, p = 0.00, 95% CI [0.04; 0.17]).
The explained variance was 4% for students’ reported instructional quality in their most difficult course, 14% for academic stress, and 25% for academic satisfaction. The variance explanation supported gender differences, with 58% of the explained variance in mental health impairment for female students and 36% for male students.
Instructional Quality in Students’ Most Important Course (Model B.2)
The results in Model B.2 (see Figure 5) indicated that instructional quality in students’ most important course was not predictive of their mental health impairment through their academic stress or academic satisfaction when prior mental health impairment was controlled. Instructional quality in students’ most important course was not related to changes in their mental health impairment from winter 2020 to spring 2020.
Furthermore, different effects emerged compared to the results for instructional quality in students’ most difficult courses. First, male and female students’ mental health impairment in the winter quarter 2020 was not associated with their reported instructional quality in their most important courses at the beginning of the spring quarter 2020. However, perceived instructional quality in male and female students’ most important courses (week 3) was linked to their academic satisfaction (week 6) but not to their academic stress (week 5) in the spring quarter 2020. Gender differences occurred with female students’ higher academic stress (week 5), which led to a positive change in mental health impairment from winter 2020 to spring 2020—higher perceived stress leads to higher mental health impairment. Female students’ academic stress (week 5) mediated the association between mental health impairment (week 3) in the winter quarter 2020 and mental health impairment (week 9) in the spring quarter 2020 (ßind = 0.11, SE = 0.03, p = 0.00, 95% CI [0.06; 0.15]).
The explained variance was 0% for students’ reported instructional quality in their most important course, 13% for academic stress, and 20% for academic satisfaction. The variance explanation supported gender differences, with 59% of the explained variance for mental health impairment for female students and 37% for male students.
DISCUSSION
Studies investigating protective factors against mental health impairment in students have often focused on the students themselves. Tinklin and others (2005) argued that the educational environment and resources need to be considered to identify protective factors against students developing mental health impairment in higher education. The present study was focused on the instructional quality of courses as a potential educational resource and protective factor. As students reported higher mental health impairment and academic stress during the COVID-19 pandemic (Elmer et al., 2020; von Keyserlingk et al., 2021), we examined associations between experienced instructional quality, academic stress, academic satisfaction, and mental health impairment across gender groups in the first academic quarter after the beginning of the COVID-19 pandemic in the US. In the following, we discuss our results with regard to our research questions and hypotheses.
Instructional Quality as Protective Factor for Students’ Healthy Development
First, we hypothesized that instructional quality would be indirectly associated with students’ mental health impairment (see Cassel, 1976; Cohen and Wills, 1985). In summary, the results indicated that academic satisfaction mediated the link between instructional quality and students’ mental health impairment during the spring quarter of 2020. However, the experienced instructional quality did not serve as a direct protective factor against mental health impairment during remote teaching in response to the COVID-19 pandemic. This result partially confirms our hypothesis that instructional quality would be linked indirectly to students’ mental health during the COVID-19 pandemic (Hypothesis 1). Two different processes define the function of instructional quality for students’ healthy academic development: instructional quality can prevent mental health impairment or reduce mental health impairment (intervention). Our results did not demonstrate that instructional quality causes a decrease in mental health impairment - we found no intervening effect.
One explanation for this finding might be that we focused on the first quarter after the beginning of the COVID-19 pandemic lockdown. Empirical studies have reported that students’ well-being and mental health decreased with the start of the lockdown (see Son et al., 2020; Smith et al., 2021). We must therefore consider whether instructional quality might have an intervening effect in such challenging times. Furthermore, we focused on instructional quality in ERT. Important factors, such as cognitive activation and student support, were perceived as inadequate or difficult to implement in online settings (see Ferri et al., 2020; Khan, 2021; Lemay et al., 2021). We encourage future studies to replicate our results under different circumstances, e.g., with in-person classes as a reference or in less challenging times.
However, we would argue that courses with overall high instructional quality provide an educational environment that supports the positive psycho-emotional development for university students. Our results showed that higher perceived instructional quality was related to lower mental health impairment at the end of an academic quarter as mediated by higher satisfaction. This result might indicate the preventive function of instructional quality such that students who experience high instructional quality in their courses are more satisfied and are therefore less likely to develop psychological distress. On the other hand, other mediators could be considered to understand the intervening effect of instructional quality on students’ mental health impairment, such as self-efficacy (Shankar and Park, 2016).
However, the missing path concerning changes in mental health impairment might indicate that instructional quality cannot serve the same function as specifically designed support and intervention programs. Several studies have reported that especially continuous, formal, and informal social support services help students with mental health impairment (Cohen et al., 2000). As a result, students need professional support and interventions, e.g., mindfulness-based programs or stress management interventions, to learn to regulate their mental health impairment (Bergen-Cico et al., 2013; Bettis et al., 2017).
Another important finding related to the two courses we observed is that instructional quality in courses perceived to be most difficult explained more variance in students’ academic satisfaction than instructional quality in courses perceived to be most important. It is well known that college students have experienced multiple stressors during the COVID-19 pandemic—as such, it might be that high instructional quality in courses perceived to be most difficult is even more important than in courses perceived to be most important, as difficult courses are considered an higher stressor. This might show that instructors have to provide overall higher instructional quality, especially in challenging situations. In this regard, Cassel (1976) emphasized the relevance of improving and enhancing resources rather than reducing the burden of stressors. We strongly encourage higher education and instructors of courses perceived to be difficult to consider to meet students’ need for higher instructional quality in these courses.
Unexpectedly, instructional quality was not related to students’ academic stress, and thus academic stress did not mediate the association between instructional quality and students’ mental health impairment. Even though multiple scholars have highlighted the stressors that can be addressed by instructional quality, i.e., high workload, low motivation and ability to concentrate, instructional quality in one course might not be enough to facilitate a less stressful academic environment for students (Son et al., 2020; Smith et al., 2021; Usher et al., 2021). This study only focused on two courses (the most important and most difficult courses). It might be that instructional quality across all enrolled courses matters with regard to students’ academic stress. Indicated stressors, like high workload, low motivation, or difficulty concentrating, were aggregated across all enrolled courses. We must also keep in mind that the beginning of the COVID-19 pandemic, especially the first quarter after it began, was a highly stressful situation for university students. High instructional quality in this period might not be the most important resource needed to decrease academic stress. Therefore, it might be necessary 1) to investigate instructional quality across all courses in which students are enrolled, and 2) to investigate the association between instructional quality and stress with a different sample at a different time.
Furthermore, the missing link between instructional quality, academic stress, and mental health might also suggest that academic stress could moderate the link between instructional quality and mental health impairment. Our study was guided by the main effect model, which proposed that “social resources have a beneficial effect irrespective of whether persons are under stress” (Cohen et al., 2000, p. 11). However, it might be that instructional quality only impacts mental health when students are under a certain degree of stress (see stress-buffering model, Cohen et al., 2000). The extent to which stress functions as a moderator might be of interest to examine in future studies.
Our findings also indicated that higher prior mental health impairment was linked to students’ perception of lower instructional quality, but only in the most difficult courses (see RQ 2). Previous studies have found the same results, i.e., the impact of prior mental health impairment on students’ perception of their social environment (Tinklin et al., 2005; Rubach et al., 2020). We added to these results, as we investigated difficult and important courses for students. Our results may highlight the difficulty experienced by students with a mental health impairment in perceiving and coping with difficult situations. Such findings may help to improve higher education as they underscore the need to know more about and address the circumstances and conditions of individual students. Students with mental health impairments might need more individual attention to address their negative views of their environment. This argument is in line with the Person-Environment Fit approach in classrooms and the relevance of addressing students’ needs in classrooms (Fraser and Fisher, 1983).
Gender Differences in Students’ Healthy Development
No gender differences occurred with respect to the importance of instructional quality for students’ academic stress, academic satisfaction, or mental health impairment (RQ3). Therefore, Hypothesis 3 was rejected. As described above, instructional quality mattered for male and female students’ healthy (academic) development in higher education. We could not replicate the findings that instructional quality is essential for female students’ mental health impairment (Rubach et al., 2020). Differences might be explained by the fact that Rubach et al. (2020) studied male and female students’ mental health development from 9th to 12th grade. In contrast, our study focused on the beginning of students’ higher education careers. Furthermore, we investigated the overall instructional quality, and Rubach and others (2020) focused only on the instructional quality dimension of “student support.” This dimension captures social and emotional support from instructors. Future studies might explore the relevance of each dimension of instructional quality to students’ healthy academic development in courses.
It is important to note that our sample participated in remote courses. We do not yet know whether instructional quality in in-person classes is equally important for males and females in terms of stress or whether instructional quality in different types of remote courses (e.g., synchronous or asynchronous classes) impacts males and females differently. This might serve as the topic of further investigation.
A gender-specific developmental process revealed in this study was that academic stress was a predictor of increased mental health impairment only in women (see also Zuckerman, 1989). This result indicates gender-specific development in higher education. Questions for further research are as follows: 1) What processes explain this gender-specific association in women? 2) How can this gender-specific association in higher education be addressed? Shankar and Park (2016) discussed whether the association between stress and psychological distress would be moderated by women’s self-efficacy or capacity for stress management. Therefore, future research might focus on the gender-specific association between stress and mental health impairment and the relevance of self-efficacy or capacity for stress management. Another question is how to address these results in higher education as related to equitable development opportunities for male and female students. As stress impacts changes in female students’ mental health impairment, it might be essential to educate female students in stress management (Bergen-Cico et al., 2013).
Limitation and Future Steps
This study had several limitations. First, due to the sample size, especially the number of males, we used a manifest modeling approach. Manifest conducted models do not control for measurement errors. Therefore, we tested strong invariances across genders for each construct. However, it might be necessary to replicate the findings with a latent structure equation model.
Guided by previous studies, mental health impairment was calculated as a sum score (see Kessler et al., 2002). Fried and Nesse (2015) questioned this approach. They argued that sum scores collapse different symptoms and assume the same weight for each symptom. Fried and Nesse (2015, p. 6) were concerned that a sum score assumes that “two individuals with equal sum-scores may have clinical conditions whose severities differ drastically.” Therefore, sum scores discard critical information about individual symptoms and their combination. Future studies might use more differentiated measures of mental health impairment and psychological disorders, primarily when (interindividual) gender differences in mental health impairment are investigated.
In line with established instruments to measure stress (Cohen et al., 1983), students’ perceived academic stress was assessed as a frequency score. However, the perceived intensity of stressful events should also be considered. Combining frequency and intensity measures would provide researchers with more fine-grained measures of students’ academic stress. Furthermore, as perceived instructional quality was not linked to the frequency of students’ academic stress, it might be that instructional quality can prevent students from intensive stressful events. Lastly, this study investigated interindividual differences based on students’ gender. It would also be valuable to use an intersectional lens to understand the mental health impairment of university students and its associations with instructional quality, academic stress, and academic satisfaction (see Castillo-Lavergne and Destin, 2019; Rosenfield, 2012). For example, the intersection of ethnicity/race, gender and socioeconomic status has implications for students’ mental health (Castillo-Lavergne and Destin, 2019). Uncertainty among working-class Latinx female students predicted their well-being more strongly than in other groups. Multiple groups of marginalized students might benefit from resources such as instructional quality and as such these resources should be considered in future research.
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Social exclusion, i.e., being kept apart from others and not being allowed to join, is a common phenomenon at school and can have severe consequences for students’ healthy development and success at school. This study examined teachers’ reactions to social exclusion among students focusing on the role of gender. Specifically, we were interested in potential effects of gender-specific socialization and social expectations linked to gender for teachers’ reactions to social exclusion among students. We used hypothetical scenarios in which a student is being excluded from a study group by other students. We focused on the gender of the teacher (as an observer of exclusion) on the one hand and on the gender of the excluded student on the other hand. In the hypothetical scenarios, we varied the gender of the excluded student by using either a typical female or male name. The study included 101 teachers from different school tracks in Germany (Mage = 36.93, SD = 9.84; 84 females, 17 males). We assessed teachers’ evaluations of the exclusion scenario and their anticipated reactions, i.e., how likely they were to intervene in such a situation and what they would specifically do. As expected, the participating teachers showed a general tendency to reject exclusion among students. This tendency was even more pronounced among female teachers compared to male teachers. Interestingly, these gender differences on the attitudinal side did not translate into differences in teachers’ behavioral intentions: for the likelihood to intervene, we did not find any differences based on the gender of the teacher. In terms of the gender of the excluded student, things were different: The gender of the excluded student did not affect teachers’ evaluations of the exclusion scenario. Yet, the gender of the excluded was relevant for participants’ behavioral intentions. Namely, teachers were less likely to intervene in the scenario if a boy was excluded. These findings are in line with considerations related to gender-specific socialization and social expectations linked to gender. Overall, the study demonstrates that gender is an important aspect in the context of social exclusion and further research should explicitly focus on how socialization and gender expectations can explain these findings.

Keywords: social exclusion, teacher reactions, teacher evaluations, gender differences, gender role expectations, socialization


INTRODUCTION

Being socially excluded threatens the possibility of fulfilling one’s psychological needs, for instance, social belonging (Williams, 2009). Recurrent experience of social exclusion can have serious consequences for children’s health and wellbeing (Gazelle and Druhen, 2009; Sebastian et al., 2010; Fuhrmann et al., 2019; Jiang and Ngai, 2020), their emotional and social development (Gazelle and Druhen, 2009; Murray-Close and Ostrov, 2009), and even their academic achievement (Buhs et al., 2006).

As children and adolescents spend large parts of their lifetime at school, school has great importance as an environment, in that inclusion and exclusion take place. Given the strong impact of social exclusion on health, wellbeing, and achievement, schools should try to promote relatedness and to prevent exclusion among students. For this, teachers play an important role. It has been shown that teachers’ behavior in class can have a strong impact on their students’ attitudes regarding exclusion. For instance, Mulvey et al. (2021) found that students who perceived better student–teacher relationships as well as students who reported higher support by their teachers, were more likely to judge exclusion to be wrong and to expect that they would defend victims against exclusion. Additionally, teachers establish norms in class that indicate which behaviors are acceptable and which are not, including in terms of social exclusion. With their reactions to social exclusion among students, teachers transmit messages about their own attitudes regarding exclusion and might with that impact their students’ attitudes and behavior as well. Thus, it is important to investigate teachers’ reactions to social exclusion.


Teachers as Observers of Social Exclusion

According to Riva and Eck (2016, p. ix), social exclusion can be defined as the “experience of being kept apart from others physically or emotionally”. This includes situations in which a person is excluded from conversations or activities by one or several other individuals (Wesselmann et al., 2016). As social exclusion among students is a common phenomenon at school, teachers often witness exclusion situations (Killen et al., 2013). Just as people in other contexts generally tend to reject unsubstantiated social exclusion (Wesselmann et al., 2013), this is also the case for teachers in schools. Several studies using hypothetical scenarios demonstrated that teachers as observers of exclusion among students show a general tendency to reject exclusion (Beißert and Bonefeld, 2020; Grütter et al., 2021; Kollerová and Killen, 2021). Witnessing social exclusion typically induces feelings of empathy with the excluded person (Wesselmann et al., 2013). Several studies found evidence that this is also the case for teachers when they witness exclusion among their students (Grütter et al., 2021; Szekely et al., under review). For instance, in a study by Grütter et al. (2021), the most frequently referenced emotions that teachers reported when reasoning about an exclusion scenario were feeling sad and sympathetic for the excluded student. In line with these findings, we assume that based on empathy with the excluded person, combined with the knowledge about the severe consequences associated with social exclusion, teachers show a general tendency to reject exclusion among students.

Besides these general tendencies, it is of interest whether teachers’ reactions to social exclusion might be influenced by characteristics of the target of exclusion (i.e., the excluded student) or by characteristics of the teachers as observers of exclusion. In this context, one important characteristic might be gender. More specifically, the gender of the observing teacher on the one hand, and the gender of the excluded student on the other hand. In the current study, we focus on these two aspects when investigating teachers’ reactions to hypothetical exclusion scenarios.



Social Exclusion and the Role of the Teacher’s Gender

It has already been shown in different contexts that females tend to evaluate exclusion as more reprehensible than males (Killen and Stangor, 2001; Horn, 2003; Malti et al., 2012; Beißert et al., 2019). This also holds for female teachers (Beißert and Bonefeld, 2020; Beißert et al., 2021).

One possible explanation for this could be gender-specific socialization. Namely, the socialization of girls typically has a stronger focus on harmony and the avoidance of interpersonal struggles (Cross and Madson, 1997; Zahn-Waxler, 2000; Hwang and Mattila, 2019). Moreover, in many families, the harmful consequences of aggressive behaviors are much more addressed in the socialization of girls compared to boys, which might lead to more pronounced feelings of empathy in girls (Smetana, 1989). In line with this, females of different ages have been shown to be more empathic than males (e.g., Rueckert and Naybar, 2008; Schulte-Rüther et al., 2008; D’Ambrosio et al., 2009; Van der Graaff et al., 2014).

Thus, female socialization might lead to stronger feelings of empathy on the one hand and a stronger focus on interdependence, belonging, and community on the other hand. This is in accordance with Bakan’s (1966) theory of the two basic dimensions “agency” and “communion” that describe how individuals relate to their social world. The main assumption of this theory is that females and males are differentially socialized in terms of the relative emphasis on agency and communion (Bakan, 1966). Agency refers to an individual striving to assert the self, master the environment, experience competence, and achievement. Whereas communion refers to an individual’s desire to cooperate and connect closely with others. While females are typically socialized with a stronger focus on communal goals, the socialization of males has a strong focus on agentic goals. As a consequence, females—being communion-oriented individuals—experience stronger fulfillment through relationships, whereas males as agency-oriented individuals experience fulfillment through achievement of their individual goals (Guisinger and Blatt, 1994). Thus, it seems evident that females value relationships more than males. In line with prior research as well as in accordance with Bakan’s theory (1966) and considerations related to gender-specific socialization, we assume that female teachers reject social exclusion more strongly than males.



Social Exclusion and the Role of the Excluded Person’s Gender

Not only the gender of the observers of exclusion, in our case teachers, might be relevant. Also, the gender of the excluded student might impact teachers’ reactions to social exclusion. To date, there is hardly any research on the gender of the excluded person, especially not in educational contexts. To our knowledge, there is only one study that focused on the role of the excluded person’s gender for teachers’ evaluations of social exclusion in an educational setting. In this study, Kollerová and Killen (2021) found no differences based on the excluded person’s gender in teachers’ evaluations of the wrongfulness of the exclusion. However, they found differences in teachers’ reasoning revealing that the participants used more moral justifications when reasoning about excluded girls compared to excluded boys.

Yet why should the excluded person’s gender be relevant for teachers’ reactions to social exclusion? One possible explanation are social expectations linked to gender.1 Generally, with regard to the two genders, quite different expectations are prevalent. These gender expectations typically impact our thoughts and actions in many ways (Neuburger et al., 2015; Retelsdorf et al., 2015; Mello et al., 2019). Thus, gender expectations might also affect our perception of and reactions to exclusion of boys vs. girls.

Socialization also provides a possible explanatory approach here. Having been socialized throughout our lives, we all have learned and internalized systematically differing expectations regarding males and females. Typical expectations that are relevant in this context are those in line with the assumptions of the aforementioned theory by Bakan (1966): females are usually associated with the dimension of communion; males are traditionally associated with characteristics of agency. That is, we expect girls to strongly value interpersonal affiliation and harmony with others (Spence and Helmreich, 1978; Bem, 1981; Eckes, 2010; Tay et al., 2019). Additionally, in line with traditional gender role expectations, girls are typically perceived as more vulnerable than boys and hence might evoke stronger feelings for care (Stuijfzand et al., 2016). Given that we stereotypically perceive girls—compared to boys—as more communal and more vulnerable beings (Bakan, 1966; Gilligan, 1993; Ely et al., 1998; Eckes, 2010), we might expect that exclusion affects girls more strongly than boys. Based on these considerations on social expectations linked to gender, we assume that exclusion might be perceived as more serious for girls than for boys and in consequence, the exclusion of girls should be rejected more strongly compared to the exclusion of boys.



Current Study

The purpose of this study is to extend prior research on teachers’ evaluations of and reactions to social exclusion scenarios by analyzing the role of gender. More specifically, we are interested in potential effects of gender-specific socialization and social expectations related to gender. Thus, we focus on the gender of the observing teacher on the one hand and on the gender of the excluded student on the other hand. Focusing on teachers in the role of observers of exclusion among students, we assessed teachers’ evaluations of hypothetical exclusion scenarios. Since particularly teachers’ behavior can have an impact on their students, it is not only important to analyze teachers’ evaluations of exclusion (which reflect an attitudinal aspect), but also their reactions (which capture a behavioral aspect). Given that it is very difficult to realize naturalistic observational studies in the context of social exclusion, especially at schools, we approach the behavioral aspect by assessing behavioral intentions and want to see whether teachers’ evaluations of exclusion translate into respective behavioral intentions. Accordingly, we assess teachers’ anticipated reactions and interventions. More precisely, we asked them how likely they were to intervene in such a situation and what they would specifically do. Our main interest was to determine whether the gender of an excluded student and the gender of the teacher as an observer of exclusion are relevant factors for teachers’ responses to hypothetical exclusion scenarios.

Based on the aforementioned considerations on gender-specific socialization and gender expectations, we want to examine the following hypotheses:


A.We assume teachers to show a general tendency to reject social exclusion among students and to intervene in exclusion situations among students.

B.We hypothesize that female teachers reject social exclusion more strongly and are more likely to intervene compared to male teachers.

C.We expect that the exclusion of girls will be rejected more strongly compared to the exclusion of boys and the likelihood to intervene will be higher when a girl (vs. boy) is excluded.



As an open question, we want to explore if there are any interactions of the excluded student’s gender and the gender of the teachers as observers of exclusion. Further, we want to explore if participants’ justifications for their decision to intervene in the situation or not as well as their anticipated specific actions differ between female and male teachers’ or depending on the excluded students’ gender.




MATERIALS AND METHODS


Participants

The study included 101 teachers from different school tracks in Germany (Mage = 36.93, SD = 9.84, range: 22–65, 84 females, 17 males). The working experience of the teachers ranged from under 1 to 42 years (M = 8.16, SD = 8.50) with half of the sample being within their first 5 years of service (median = 5.00 years).



Design and Procedure

The study was conducted as an online survey and participants were recruited via different mailing lists and online groups in social media platforms (e.g., Facebook groups). Moreover, flyers advertising the study were distributed in libraries, schools, and public sites of universities. Participation was voluntary and informed consent was obtained from all participants. The study was conducted in accordance with the ethical guidelines of DGPs (German Psychological Society).

Before starting the actual survey, participants were informed of their data protection rights and learned that participation in the study was anonymous and voluntary. They were also informed, that there were no negative consequences if they decided not to participate or to leave the study early without completing it. Prior to the assessment, participants had to confirm that they were willing to participate in the study and understood the information.

Starting the survey, participants provided demographic information, participants were then presented with a hypothetical exclusion scenario. The study took approximately 10 min per person.



Material

In the hypothetical exclusion scenario, one student was excluded from a study group by its classmates. We varied the gender of this excluded protagonist by presenting either a typical male or female name (Lukas vs. Julia) in the scenario. The names used in the scenarios had been pretested in a former study by Bonefeld and Dickhäuser (2018). The exact wording of the scenario was as follows:

While packing up after class in 7th grade, you observe some students making an appointment to study together. Lukas/Julia would like to join the learning group. The other students tell him/her that he/she can’t join.

The study was realized as a between-subjects design. The participants were randomly assigned to the experimental conditions (51 were assigned the version with a female protagonist, 50 to the version with the male protagonist).



Measures

As we wanted to assess not only attitudinal but also behavioral aspects, we assessed participants’ evaluations of the exclusion situation on the one hand and their likelihood to intervene in such a situation and the specific actions they would undertake on the other hand. We used a seven-point Likert-type scale consisting of three items to assess the evaluations of the exclusion scenario. Specifically, we asked the participants to rate how (1) not okay/okay, (2) unfair/fair, and (3) unjustifiable/justifiable the scenario was. Based on these three items, a score was created indicating a participant’s evaluation of the exclusion (Cronbach’s alpha = 0.79). High scores indicate low rejection of exclusion and low numbers indicate strong rejection of exclusion. Moreover, we asked the participants how likely they were to intervene, given the situation took place in their class. The likelihood of intervention was also assessed using a seven-point Likert-type scale (1 = very unlikely to 7 = very likely). Eventually, we asked the participants to justify their decision and to indicate what specific actions they would have taken (open-ended questions).



Coding of Open-Ended Questions

The coding systems for the open-ended questions are based on the study by Beißert and Bonefeld (2020) and were extended by inductively developing categories from the surveys themselves (see Tables 1, 2 for an overview and examples). The coding was completed by two independent coders, that were not allowed to code more than three relevant justifications for each statement. Based on 20% of the interviews we calculated a high interrater reliability, with Cohen’s kappa = 0.96 for both, for the justifications of the likelihood of intervention as well as for the specific actions.


TABLE 1. Coding system for justifications of likelihood of intervention and frequencies for each category.

[image: Table 1]

TABLE 2. Coding system for specific actions and frequencies for each category.
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RESULTS


Data Analysis

Univariate ANOVAs were used to test for differences in the evaluation of exclusion and the likelihood of intervention between the different experimental conditions and between male and female participants.

Repeated measures ANOVAs on the proportional use of categories were conducted to analyze reasoning data from the open-ended questions. ANOVA frameworks are appropriate for repeated measures reasoning analyses because ANOVAs are robust to the problem of empty cells, whereas other data analytic procedures require cumbersome data manipulation to adjust for empty cells (see Posada and Wainryb, 2008, for a more thorough explanation and justification of this data analytic approach).

All analyses were firstly run with participants’ age and years of service experiences included. But as there were no effects based on these variables in any of the analyses, we dropped these variables from the analyses for the sake of simpler models.



Evaluation of Exclusion

In line with our expectations, we found a general tendency to reject exclusion across both protagonists, i.e., a right-skewed distribution on the evaluation scale with a skewness of 0.21 (SE = 0.25), a mean of 2.94 (SD = 1.14), mode = 4.00, and median = 3.00.

To analyze differences in the evaluation of exclusion based on the gender of the participants and the gender of the excluded person, a 2 (participant gender: male, female) × 2 (protagonist gender: male, female) univariate ANOVA was conducted.

As expected, there was a main effect of participant gender, F(1,86) = 4.94, p = 0.029, ηp2 = 0.05, demonstrating that females (M = 2.81, SD = 1.01) rejected exclusion more strongly than males (M = 3.58, SD = 1.50). There was no effect of the gender of the protagonist, nor any interaction effects. See Figure 1 for a graphical presentation of these results.


[image: image]

FIGURE 1. Evaluation of exclusion as a function of teacher gender and the gender of the excluded student. High numbers indicate high acceptability of exclusion; low numbers indicate strong rejection of exclusion.




Likelihood of Intervention

This question was answered by 86 participants. The descriptive analyses showed that 56 participants (65.1%) tended to intervene, 22 participants (25.6%) tended not to intervene, and 8 (9.3%) participants chose the middle of the scale, indicating that it was as likely that they would intervene as not intervene.

To test for differences in the likelihood of intervention, a 2 (participant gender: male, female) × 2 (protagonist gender: male, female) univariate ANOVA was conducted. As preliminary analyses revealed no effects of participants’ age or the years of participants’ service experiences, these variables were not included in the analysis for the sake of a simpler model.

As expected, there was a main effect of the gender of the protagonist, F(1,82) = 14.11, p < 0.001, ηp2 = 0.15, revealing that participants were less likely to intervene in scenarios in that a boy was excluded (M = 4.29, SD = 2.03) compared to scenarios in that a girl was excluded (M = 5.62, SD = 1.37). There was no effect of the participants’ gender, nor any interaction effects. See Figure 2 for a graphical presentation of these results.
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FIGURE 2. Likelihood of intervention as a function of teacher gender and the gender of the excluded student. High numbers indicate high likelihood to intervene; low numbers indicate low likelihood to intervene.




Justification of Likelihood of Intervention

To analyze the participants’ justifications why they would tend to intervene or not as well as their specific actions, we conducted reasoning analyses on the proportional use of the coded categories. In order to see whether the specific justifications were related to the decision to intervene or not, we created a new variable out of the seven-point scale measuring the likelihood of intervention, resulting in the three categories “tendency to intervene,” “indecisive,” and “tendency not to intervene.”

Using this new variable, we ran a 3 (decision: no intervention, indecisive, intervention) × 2 (participant gender: male, female) × 2 (protagonist: boy, girl) × 4 (justification: need for information, children’s autonomy, empathy for the victim/avoid psychological harm, social norms of inclusion and cooperation) ANOVA with repeated measures on the factor “justification.” The Huynh–Feldt adjustment was used to correct for violations of sphericity.

This analysis revealed an interaction effect of justification and decision, F(6,192) = 2.63, p < 0.018, ηp2 = 0.08, demonstrating that “need for information” and “social norms of inclusion and cooperation” were mainly used by those who tended to intervene, whereas “children’s autonomy” was mainly used by those who tended not to intervene. However, there were no main or interaction effects based on the gender of the participants or the gender of the protagonist.



Specific Actions

In order to get a better understanding of how teachers would intervene, we analyzed their answers to the open-ended question of what they would specifically do when intervening in the situation. To test for differences in these answers based on the gender of the participants and the gender of the protagonist, a 2 (participant gender: male, female) × 2 (protagonist: boy, girl) × 4 (action: ask for reasons, conversation, inclusion-oriented behavior, find an alternative solution for excluded student) ANOVA was run with repeated measures on the factor “action.” The Huynh–Feldt adjustment was used to correct for violations of sphericity.

This analysis revealed a main effect of action, F(4.33,44.23) = 6.63, p < 0.001, ηp2 = 0.09, indicating that participants stated significantly more often that they would ask for reasons or talk to the students than they would try to find an alternative solution for the excluded student. The frequency of inclusion-oriented behavior was not different from the other actions. Again, there were no main or interaction effects based on the gender of the participants or the gender of the protagonist.




DISCUSSION

The current study investigated teachers’ reactions to social exclusion scenarios in Germany. Focusing on teachers as observers of social exclusion, we used hypothetical scenarios in which a student (girl vs. boy) was excluded by other children in class. We assessed teachers’ evaluations of the exclusion behavior as well as how likely they were to intervene in the situation, and what they would specifically do. To extend prior research, we focused on the role of gender for teachers’ reactions to social exclusion. More specifically, we focused on the gender of the excluded student on the one hand and the gender of the observing teacher on the other hand.


General Tendency to Reject Social Exclusion Among Students and to Intervene in Exclusion Situations Among Students

As expected, the teachers in our study showed a general tendency to reject social exclusion among students. This replicates the findings of other studies (e.g., Beißert and Bonefeld, 2020; Grütter et al., 2021; Kollerová and Killen, 2021), which overall provide strong evidence that teachers generally reject social exclusion among students. This tendency to reject exclusion seems to translate into action intentions insofar that the majority of the participating teachers stated that they would have intervened in the situation if it had happened in their class.



The Role of Teachers’ Gender

Based on considerations of gender-specific socialization (Bakan, 1966; Cross and Madson, 1997; Zahn-Waxler, 2000) we had assumed that female teachers would reject social exclusion even more strongly than male teachers. In terms of the evaluation of social exclusion, we found evidence for this assumption. Interestingly, these gender differences in the evaluation of exclusion did not manifest in teachers’ expected likelihood to intervene in the situation. Female teachers were not more likely to intervene in the situation than male teachers. One possible explanation for this discrepancy between the evaluation of and the expected reaction to social exclusion could also lie in gender-specific socialization. Women are socialized to connect with others and strive for companionship, but less to be self-effective agents (Bakan, 1966). In line with this, females attach great value to relationships (Guisinger and Blatt, 1994) and have a strong need for harmony (Hwang and Mattila, 2019). This might lead females to be hesitant to intervene in the exclusion situation because intervening might be conceptualized as getting involved in an interpersonal conflict. Hence, even though females reject exclusion more strongly, they might not take the step to action. However, one important limitation is that there were only 14% male teachers in the sample, and thus, the results should be considered with caution.

Interestingly, the low proportions of male participants are a typical problem of many online studies (Cull et al., 2005; Cheung et al., 2017; Beißert et al., 2020) and especially in studies on social exclusion (Butler, 2012; Butler and Shibaz, 2014; Beißert et al., 2021) with about 90% female participants. And even though we find a higher base rate of females compared to males among teachers, these samples as well as our sample include even more females than the proportion of female teachers in Germany (which would be appr. 73%, Statista Research Department, 2021). This might indicate that there is some self-selection of helpful individuals, since more helpful individuals are presumably more likely to participate in studies voluntarily. Nevertheless, further research should continue to investigate whether these results can be replicated in a sample with more male teachers.



The Role of the Excluded Student’s Gender

The gender of the excluded student did not affect teachers’ evaluation of the exclusion situation. The exclusion of boys and girls was evaluated equally reprehensible. However, the gender of the excluded student did influence teachers’ behavioral intentions. As expected, teachers were more likely to intervene in scenarios in that a girl was excluded compared to scenarios in that a boy was excluded. This fits to our assumptions that this is due to gender expectations such as girls being more likely to strive to connect with others (communion) while boys tend to be more focused on individual goals (agency) (Bem, 1981). Therefore, boys may be seen as less vulnerable and less affected by social exclusion, which could induce a weaker need to intervene and protect them.



Justifications for Likelihood to Intervene and Specific Actions

We could not find any differences between female and male teachers’ justifications to intervene or not, nor were there any differences based on the gender of the excluded student. Thus, the finding of Kollerová and Killen (2021) that teachers used more moral justifications when reasoning about excluded girls compared to excluded boys could not be replicated in the current study. Gender was not relevant for teachers’ reasoning.

Interestingly, teachers’ decisions to intervene or not were associated with different considerations. Namely, if teachers conceptualized the exclusion scenario as something that falls in the children’s scope of action., i.e., when they referenced children’s autonomy as a justification, they were less likely to intervene compared to those teachers who focused on socio-moral aspects such as inclusion and cooperation as social norms or compared to those who understood the situation to be ambiguous and stated their need for further information. That means that teachers’ tendency to intervene seems to depend on how they perceive the exclusion situation—but independent of their own gender or the gender of the excluded student. In this context, it is encouraging that many teachers wanted to ask for reasons to better understand the situation in order to find out if further interventions were necessary or not.



Implications and Future Directions

All in all, we can say that gender is an important aspect in the context of social exclusion. On the one hand, the gender of the observing teacher is relevant as females reject exclusion even more strongly than males. On the other hand, the gender of the excluded student impacted teachers’ reactions to social exclusion as they were less likely to intervene when a boy was excluded compared to a girl. We explain these findings with gender-specific socialization and social expectations linked to gender. Namely, the stronger focus on communal aspects in girls’ socialization which is associated with a high value of relationships and harmony on the one hand, and the perception of females as being more vulnerable and more in need of relatedness than males, on the other hand. Future research should systematically examine whether such a communal orientation with a higher focus on interpersonal affiliation in females really can explain the current findings.

Additionally, further research should pay more attention to the assessment of evaluations and behavior or at least behavioral intentions. In this study, it becomes clear that even though the general tendency to reject exclusion among students manifests in a general tendency to intervene, the effects related to gender reveal differential patterns regarding the evaluations and the behavioral tendency. Hence, further research should include both attitudinal and behavioral measures. Moreover, in this context, it would be of great interest to conduct real behavioral studies in naturalistic settings in order to investigate whether the reported behavioral intentions transmit into the respective actions.

Interestingly, the gender differences that we found regarding the reported behavioral intentions are not reflected in teachers’ reasoning or their specific actions. That means, teachers are more likely to intervene when girls are excluded than when boys are excluded. However, once they decide to intervene, the specific actions are not related to the gender of the excluded student. This leads us to the assumption that the differences in the likelihood to intervene or not are no conscious tendencies but rather automatisms based on socialized expectations linked to gender. Thus, it is crucial to sensitize teachers to such expectations and help them reflect their own gender-specific expectations. Further, teachers should be encouraged to treat both genders equally and to consequently intervene also when boys are excluded. It is important to make teachers aware of the fact that boys and girls suffer equally from the severe consequences of social exclusion.
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FOOTNOTES

1In our study, we focus only on binary gender perceptions as we are interested in gender role expectations associated with the female and male gender. However, we acknowledge, that the conception of gender as binary is a narrow conception that not necessarily reflects the full range of possible gender identifications.
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Introduction: In prior studies conducted in the United States, parents’ gender-differentiated encouragement of science predicted children’s later science motivation. Most of this research has focused on older children or teens and only looked at the impact of mothers. However, accumulating evidence suggests that gender-differentiated encouragement of science interest may begin in early childhood. Moreover, fathers may be more likely than mothers to treat sons and daughters differently in science-learning contexts.

Methods: We examined 50 United States families with both a mother and a father (82% White; 98% with at least some college education) and either a daughter or a son (48–83 months; M = 62, SD = 9). On separate visits, each parent reads two books with their child. One was about life science and the other was about physical science. We coded parents’ science-related talk during these interactions.

Results and Conclusion: In contrast to our predictions, parents used higher proportions of science talk with daughters than sons, including higher average rates of overall science talk and specific types of science talk (e.g., science explanations, science-related personal connections, and science-learning talk). Moreover, most of the child gender effects occurred while reading the physical science books. Book topic and parent gender moderated some additional patterns. Book reading is discussed as a potential context for mitigating socialization experiences that traditionally disfavor girls’ interest in physical science.

Keywords: gender differences, mother-child communication, father-child communication, reading, science education


INTRODUCTION

Even though women and men demonstrate comparable levels of participation in the life science workforce in the United States, women remain underrepresented in physical science domains (National Science Foundation, 2021). As documented in earlier reports, interest in physical science more likely increased from middle childhood to adolescence among boys than girls; in contrast, interest in life science remained comparable for girls and boys during this period (e.g., Baram-Tsabari and Yarden, 2008). The development of average gender differences in motivation and achievement is attributed to a combination of individual, interpersonal, and cultural factors (Cheryan et al., 2017; Eccles and Wigfield, 2020). Among them, researchers have highlighted the potential impact of parents’ gender-differentiated socialization on children’s developing interests and ability beliefs (Eccles and Wigfield, 2020). We built on prior research in three ways. First, previous research on parents’ gender-differentiated socialization of their children’s science learning and interest has focused on middle childhood and adolescence. Hence, we explored whether the gender-differentiated patterns might be detected in a younger age group of children between 4 and 7 years of age. Second, previous research studies looked primarily at mothers without considering parent gender as a potential moderator. We examined children’s book reading separately with their mothers and fathers. Finally, scant research has separately examined physical science and life science when considering parents’ gender-differentiated treatment. Hence, we observed parents reading separate science books on life science and physical science with their children.


Parents’ Gender-Differentiated Socialization of Children’s Science Interest

Longitudinal studies established how parents’ gender-differentiated beliefs about their children’s science, technology, engineering, and mathematics (STEM)-related interests or abilities predicted later changes in children’s motivational beliefs and achievement (e.g., Simpkins et al., 2015). However, if parents’ gender-stereotyped expectations matter, then how are they manifested in their interactions with their children at young ages? According to ecological and social cognitive theories of development (Bussey and Bandura, 1999; Bronfenbrenner, 2005), this can occur when parents provide different opportunities for learning to children based on their gender. For example, this was indicated by Tenenbaum and Leaper (2003) in their observations of parents with their 10-year-old daughter or son while engaging in assigned science activities. On average, fathers (but not mothers) used more science-related talk (e.g., explanations, scientific vocabulary) with their sons than daughters during a physical science task. But other studies suggest that this kind of gender-differentiated treatment may occur at much younger ages. In at least three studies, parents of preschool-age children were observed talking more about science with their sons than daughters. These effects were observed at a science museum (Crowley et al., 2001) while playing with a physics toy at home (Tenenbaum et al., 2005) and reading a science-related book (Shirefley et al., 2020). Although the evidence is limited, two studies suggest that gender-related variations might occur with some types of science talk more than others (Tenenbaum et al., 2005; Shirefley et al., 2020).



Shared Book Reading as a Context for Investigating Parents’ Talk With Young Children

Shared book reading is a common context in many families where informal learning for young children occurs with their parents (Scholastic Inc, 2016). More specifically, researchers have highlighted how parents’ book reading with preschool-age children was a means for discussing and learning complex science concepts (e.g., Kelemen et al., 2014; Shirefley et al., 2020) and imparting lessons about gender roles (e.g., Friedman et al., 2007; Endendijk et al., 2014). However, no prior work has considered how conversations during shared reading may vary with the type of science book (life vs. physical) or with both mothers and fathers.



Comparing Fathers’ and Mothers’ Science Talk With Children

When considering parents’ gender as a moderator of science talk, two patterns have been previously identified. First, average differences between mothers’ and fathers’ behavior with their children may occur (refer to Leaper, 2015 for review). Some studies have found that mothers were more verbal than fathers when interacting with children (refer to Leaper et al., 1998 for a meta-analysis). Only a few studies have compared mothers’ and fathers’ verbal behavior specifically during shared reading with their young children. Their results have been mixed. Two studies observed greater talking or more teaching-related comments among mothers than fathers (Conner et al., 1997; Schwartz, 2004). One study noted more talking among fathers than mothers (Anderson et al., 2004). In addition, another investigation found negligible differences between mothers’ and fathers’ teaching-related speech during shared reading (Blake et al., 2006). None of these studies, however, observed the shared reading of books focused on science topics.

A second pattern regarding parent gender differences indicated in the research literature is for fathers to be more likely than mothers to treat daughters and sons differently (refer to Leaper, 2015). Regarding science-related talk with young children, one study observed that both mothers and fathers used more science talk with boys than girls at a science museum, but the trend was stronger among fathers (Crowley et al., 2001). We do not know whether similar patterns would be seen while reading science books.

In addition, research with older children suggests that differences between fathers and mothers in gender-differentiated encouragement of science may partly depend on the type of science. Two studies looked at mothers’ and fathers’ hands-on involvement with elementary-school-age children in both life science and physical science tasks. In the first study, fathers used more science-teaching talk with sons than daughters but only during the physical science task; conversely, mothers did not differ with daughters and sons in either task (Tenenbaum and Leaper, 2003). In the second study, researchers surveyed parents based on the kinds of science problems they solved with their children (Short-Meyerson et al., 2016). Mothers favored more life science tasks, whereas fathers preferred more physical science tasks. From these studies, there is evidence to suggest that average differences in mothers’ and fathers’ behavior may occur when reading science books to their young children. Accordingly, we took into account the parent gender, the child gender, and the type of science book being read.



Current Study

To build on earlier research investigating parents’ science-related talk with children, we observed parents with their 4–7-year-old children while reading physical and life science books in their homes. We chose book reading as it is a common shared activity among many parents and their young children, and it is an activity that is easily arranged in families’ homes. We tested for variations in parents’ science-related talk by child gender, parent gender, and the type of science book. Our hypotheses were as follows: first, we expected that parents would use a greater proportion of science-related talk with their sons than daughters. Second, we predicted that parents’ gender-differentiated science talk would be more likely for fathers than mothers. Finally, we hypothesized that these effects would be stronger when reading the physical science book. When conducting our analyses, we looked at parents’ overall science talk. In addition, we examined specific forms of science talk to explore whether some might be related to gender-related variations more than others. Among the few studies that examined parents’ science talk, none of them considered whether gender-differentiated treatment was more likely for some forms of science talk than others.




METHODS


Participants

Participants were recruited in northern California through social media posts, local community spaces, and preschools. This study focuses on families in our sample with heterosexual parents in which both the mother and the father were able to participate, which initially comprised 55 families. Of these families, five were removed due to technical difficulties (n = 2) or child non-compliance with the tasks (n = 3). Our analyses are based on 50 families with a participating daughter or son (n = 25 each) between 4 and 7 years of age (M = 62 months, SD = 9.5). The average age of daughters and sons did not significantly differ. For mothers, 82% self-identified as White and 88% had attained at least a bachelor’s degree. For fathers, 82% self-identified as White and 74% had attained at least a bachelor’s degree (refer to Table 1 for more detail). Parent-child dyads were asked to read and discuss the books as it was most natural to them (n = 48 exclusively in English, n = 1 in English and Spanish, and n = 1 in English and German).


TABLE 1. Demographic backgrounds of mothers and fathers.
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MATERIALS AND PROCEDURE


Science Books

We selected four science books from the Let’s Read-and-Find-Out Science series by HarperCollins written for preschool-aged children. All books were in English. Two different books focused on physical science [What Is The World Made Of? (about solids, liquids, gasses) and Light Is All Around Us (how light brightens the world)] and two books were on life science [From Seed to Pumpkin (process of a pumpkin growing) and From Caterpillar To Butterfly (transformation from caterpillar to butterfly)]. We edited the four books to balance the proportion of science-related content across books. Each book was about 13 pages with approximately 30% of the text containing science words.

After obtaining signed consent, parent-child dyads were video-recorded while reading one life science book and one physical science book (with different versions provided to mothers and fathers). No time limit was imposed. The order of books and the versions of each book type were counterbalanced across parent gender and child gender. We attempted to counterbalance the order of visits with mothers and fathers; however, several fathers would not participate in the study unless mothers participated first. Mothers were visited first in 17 of 25 families with daughters and 16 of 25 families with sons. Home visits were conducted 1–2 weeks apart.

After parents completed the reading of the science books, they completed a brief survey assessing their attitudes and beliefs about science. Among these questions, two items assessed their beliefs about their child’s science ability and interest (from Tenenbaum and Leaper, 2003): “My child finds science (0 = very boring to 7 = very interesting)” and “My child finds science…(0 = very hard to 7 = very easy).” Also, we asked “How often do you read a storybook to your child?” (0 = never, 1 = a few times per year, 2 = about once per month, 3 = about once per week, and 4 = almost every day).



Coding

We first transcribed parent-child video recordings using Datavyu. We parsed parent-child talk into utterances representing individual thought units. Parent and child utterances were coded into 16 coding categories, which included five science-related codes (based on Shirefley et al., 2020). Five research assistants coded 20% of the dataset to assess intercoder reliability. After achieving reliability and discussing differences, each coder coded 20% of the remaining samples. The five types of the science-related talk were as follows: scientific explanations, science labels, scientific personal connections, scientific story inferences, and scientific-learning talk (refer to Table 2 for definitions and Table 3 for descriptive statistics). Based on the guidelines developed by Landis and Koch (1977), the intercoder agreement for each code was acceptable (refer to Table 2).


TABLE 2. Science talk codes: descriptions and intercoder reliability.
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TABLE 3. Mean frequencies and proportions for science-related talk variables of parents.
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RESULTS


Statistical Design

Children were observed on separate occasions with their mother and father, and each parent reads two types of science books. Because members of dyads are not independent, we utilized linear mixed models to conduct our analyses (Kenny et al., 2006). Child gender was a between-group factor, whereas parent gender and book type were nested factors. The mixed linear model is only able to examine one criterion variable at a time. Accordingly, we ran six models with parents’ overall science talk and the five specific types of science talk. To control for variations across parents in the time spent talking about the book, we calculated each type of science talk as a proportion of total utterances (excluding reading text from the book).



Preliminary Analyses

We conducted preliminary analyses to test for gender-related variations in a few factors that might influence parents’ gender-differentiated talk. First, we did not find significant differences in parents’ views of daughters’ and sons’ science ability or interest, although mothers were more likely than fathers to rate their children as finding science easy (p = 0.032). Second, we did not find differences in parents’ reported reading to daughters vs. sons. Indeed, 94% of mothers and 90% of fathers reported reading to their children “almost every day.” Finally, we did not find differences between daughters’ and sons’ total talk and science-related talk with either science book, although children used proportionally more science talk with the life science book than the physical science book (p < 0.001).



Testing Hypotheses

In summarizing the results below, only significant effects from the models are noted (refer to Table 4 for more information). With any significant pairwise comparisons tests, Cohen’s d indices of effect size are reported. Effect sizes are negligible when d < 0.2 (or η2 < 0.01), small when d = 0.2 (or η2 = 0.01), moderate when d = 0.5 (or η2 = 0.06), and large when d = 0.8 (or η2 = 0.14) or greater (Cohen, 1988).


TABLE 4. Summary of results from linear mixed models.
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The Proportion of Overall Science Talk

The main effect of child gender occurred whereby parents used more overall science talk with daughters (M = 0.62, SD = 0.12) than sons (M = 0.57, SD = 0.15), F(1,46) = 4.70, p = 0.035, η2partial = 0.09, d = 0.37. This main effect was subsumed by a Science Topic × Child Gender interaction, F(1,46) = 4.50, p = 0.040, η2partial = 0.09. Follow-up pairwise comparisons revealed that parents reading the physical science book used a higher average proportion of overall science talk with daughters (M = 0.64, SD = 0.13) than sons (M = 0.55, SD = 0.14), p = 0.003, d = 0.67. Parents did not significantly differ in their overall science talk with daughters (M = 0.62, SD = 0.11) and sons (M = 0.59, SD = 0.16) when reading the life science book.



The Proportion of Science Explanations

A significant main effect of child gender indicated that parents were more likely to use science explanations with daughters (M = 0.31, SD = 0.15) than sons (M = 0.26, SD = 0.14), F(1,47) = 4.60, p = 0.037, η2partial = 0.09. Also, a significant main effect of science topic revealed that parents were more likely to use science explanations when reading the physical science book (M = 0.34, SD = 0.15) than the life science book (M = 0.22, SD = 0.12), F(1,47) = 63.57, p = 0.003, η2partial = 0.18.



The Proportion of Science Labeling

A main effect of science topic indicated that parents used proportionally more scientific labels on average when reading the life science book (M = 0.12, SD = 0.09) than the physical science book (M = 0.06, SD = 0.06), F(1, 48) = 44.75, p < 0.001, η2partial = 0.10.



The Proportion of Science Personal Connections

Based on the main effect of science books, parents were more likely to make science-related personal connections when reading the life science book (M = 0.14, SD = 0.09) than the physical science book (M = 0.10, SD = 0.08), F(1,48) = 9.62, p = 0.001, η2partial = 0.20. In addition, there was a significant Science Topic × Child Gender interaction, F(1,48) = 6.10, p = 0.017, η2partial = 0.12. Follow-up pairwise comparison tests revealed child gender differences based on the science topic. When reading the physical science book, parents made more science-related personal connections with daughters (M = 0.13, SD = 0.09) than sons (M = 0.08, SD = 0.05), p = 0.04, d = 0.69. When reading the life science book, parents did not significantly differ in their use of scientific personal connections with daughters (M = 0.13, SD = 0.08) and sons (M = 0.15, SD = 0.11).



The Proportion of Science Inferences

The main effect of science topic revealed that parents used significantly more science inferences when reading the life science book (M = 0.01, SD = 0.03) than the physical science book (M = 0.00, SD = 0.01), F(1,47) = 11.92, p = 0.003, η2partial = 0.17. A significant Parent Gender × Science Topic interaction [F(1,47) = 6.9, p = 0.011, η2partial = 0.13] indicated a significant parent gender difference depending on science topic. On average, fathers (M = 0.02, SD = 0.04) were more likely than mothers (M = 0.01, SD = 0.02) to use science inferences when reading the life science book, p = 0.012, d = 0.47; but mothers (M = 0.01, SD = 0.01) and fathers (M = 0.00, SD = 0.06) did not significantly differ when reading the physical science book.



The Proportion of Science-Learning Talk

A significant main effect of child gender showed that parents generally used more science-learning talk with daughters than sons, F(1,47) = 10.5, p = 0.002, η2partial = 0.19. However, this effect was subsumed into two interaction effects. First, there was a Child Gender × Parent Gender interaction, F(1,47) = 9.6, p = 0.003, η2partial = 0.17. Follow-up pairwise comparison tests revealed that mothers used proportionally more science-learning talk with daughters (M = 0.11, SD = 0.06) than sons (M = 0.05, SD = 0.04), p < 0.001, d = 1.08. There was no significant difference in fathers’ science-learning talk with daughters (M = 0.08, SD = 0.05) and sons (M = 0.08, SD = 0.05). Also, a significant Child Gender × Science Topic interaction occurred, F(1,47) = 9.5, p = 0.003, η2partial = 0.17. On average, while reading the life science book, parents used a higher proportion of science-learning talk with daughters (M = 0.11, SD = 0.06) than sons (M = 0.06, SD = 0.05), p < 0.001, d = 0.91. There were no significant differences in science-learning talk used between daughters (M = 0.08, SD = 0.06) and sons (M = 0.07, SD = 0.05) when reading the physical science book.




DISCUSSION

Our findings revealed patterns of gender differentiation in the science talk of mothers and fathers when reading physical and life science books to their sons or daughters. In contrast to our hypothesis, parents used a higher proportion of several forms of science talk with daughters compared to sons. Moreover, the magnitudes of these average differences were moderate-to-large in size. The science topic moderated some of these differences and parent gender moderated child gender differences although not always in an expected manner. Also, gender-related differences occurred across various types of science talk. As discussed below, the results suggested that science book reading with young children may be a context in some families in which parents may especially engage girls in science learning.

To the best of our knowledge, only three prior studies examined gender differences in parents’ science talk with preschool- and early elementary-aged children. In these investigations, parents were more likely to use science explanations with boys than girls at a science museum (Crowley et al., 2001) while playing with a science activity at home (Tenenbaum et al., 2005) or reading a science-related book (Shirefley et al., 2020). We observed the opposite pattern whereby parents generally used more scientific explanations and overall science talk with their daughters than sons across both books. In addition, mothers (but not fathers) used more science-learning talk with daughters than sons across both books.

The science topic moderated some additional effects. When reading the physical science book, parents used proportionally more overall science talk and made more science-related personal connections with their daughters than sons. Given the gender gap in motivation and achievement in the physical sciences observed during adolescence, i.e., when boys have often participated in the physical sciences than girls (refer to Cheryan et al., 2017), this pattern was surprising.

Our sample comprised mothers and fathers who generally were highly educated and active readers with their children. Perhaps these parents made concerted efforts to counteract cultural stereotypes about gender and science (e.g., physical sciences being stereotypically masculine). In doing so, they may have sought to engage their daughters especially in the science topic that was most counter-stereotypical. Mothers, in particular, may have been focused on this goal, as we found mothers but not fathers used more science-learning talk with daughters than sons. Families in our study also lived near many scientific/technology industries and in communities where issues of gender and STEM are often highlighted in local and national media. In one pertinent study, researchers discovered that girls’ enrollment in high school physics courses was higher in communities where women were employed in nearby STEM occupations (Riegle-Crumb and Moore, 2014). An analogous effect may be occurring with our sample. Of course, this interpretation is speculative and requires testing in future research.

Another potential explanation for parents’ greater average science talk with daughters than sons is that parents were responding to subtle gender differences in children’s behavior (Bell, 1968). On average, girls tend to do somewhat better in reading (Robinson and Theule Lubienski, 2011) and to be more talkative during early childhood (Leaper and Smith, 2004). Although we did not find average gender differences in children’s overall science talk, perhaps girls were more likely receptive to shared book reading and parents found it easier to engage them in science talk. If so, why was parents’ science talk more likely among girls (vs. boys) specifically while reading the physical science book? Perhaps engaging the child’s interest was more challenging while discussing the more abstract physical science books than the more concrete life science books. Once again, these are speculations that need testing.

In contrast to several prior studies indicating gender-differentiated socialization was more likely among fathers than mothers (refer to Leaper, 2015 for review), we did not observe this in the results. We did observe that fathers were more likely than mothers to make scientific inferences while reading the life science book. Perhaps fathers were generally more comfortable to make these more abstract and cognitively demanding forms of talk (e.g., Tenenbaum and Leaper, 1998). Fathers could also be less familiar than mothers with their children’s cognitive abilities, which might lead to using more complex talk. Given that the science inference code was infrequent, these interpretations should be viewed cautiously.

One notable limitation of our study is that our sample was comprised of parents from highly educated backgrounds who also regularly read to their children. Prior study has noted that parents’ shared book reading is positively correlated with their education (e.g., Yarosz and Barnett, 2001). Therefore, shared book reading is not a common activity in all families. Another limitation was that the parents in our study were predominantly from White European-heritage backgrounds. Other research suggests that gender-differentiated talk in reading and other learning tasks may vary across different ethnic or cultural groups (e.g., Shirefley et al., 2020).



CONCLUSION

Our findings pose new research questions regarding parents’ gender-differentiated encouragement of children’s science interest, confidence, and achievement. In contrast to prior studies, we discovered that parents used the more scientific talk with their daughters than sons. This was especially likely with the physical science book. Although more research is needed to replicate and better understand the results, one possibility is that shared book reading could be a learning context conducive for promoting science interest in many girls. To test this premise, short-term longitudinal studies could examine whether this type of book reading in early childhood is related to an increase in girls’ interest in physical science. Moreover, similar benefits may accrue to boys and thereby help all children’s developing interest in science.
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Worldwide, a significant proportion of teachers retires prematurely for health reasons or at their own request. The study examines whether male and female teachers differ in terms of working conditions and coping with high work demands as well as individual factors that promote early retirement. A cross-sectional study was conducted to collect data from 6,109 full-time teachers in high schools (56% women). Weekly working hours from a four-week working time record and psychosocial work stress (effort-reward model, ER ratio) were used as workloads. In addition, emotional exhaustion (Maslach Burnout Inventory) and coping strategies that endangered health were recorded in the form of overcommitment and inability to recover. Also, the teachers gave a prediction and reasons for early retirement and made their own suggestions on how to prevent this. The results show that both workloads and emotional exhaustion are comparable between the genders, but women have a greater tendency than men to overcommit and be unable to recover. As ER ratio and emotional exhaustion increase, the chances for both genders to reach the regular retirement age decrease significantly; for health-endangering coping strategies, the relationship is somewhat weaker. The majority of male and female teachers (79%) indicates excessive workloads as the main reason for leaving the profession early. In order to protect teachers from high workloads, measures at the organizational, social, and individual level are necessary. Proposals for schools and policy makers are critically discussed on the basis of teacher recommendations.

Keywords: teachers, gender, overcommitment, recovery, retirement


INTRODUCTION

The teaching profession is characterized by a complex structure of work demands and stressors. In addition to high mental, emotional, and psychosocial work load (Shirom et al., 2009; Skaalvik and Skaalvik, 2017a; Framke et al., 2021), the profession can be described by a high degree of autonomy. Compared to other occupational groups, there is an increased risk of stress-related psychosomatic and mental illnesses, including burnout (Guglielmi and Tatrow, 1998; García-Carmona et al., 2019). On the other hand, teachers are often more satisfied with their jobs than other professional groups despite the high demands (Schult et al., 2014).

With regard to work organization, the activities of the teachers show typical characteristics of the flexible working world with individualized working hours and locations. This goes hand in hand with a high level of personal responsibility for the results of the work, the risk of permeable boundaries between job and private life (Ashforth et al., 2000; Clark, 2000) and the risk of time and performance pressure hazardous to health (Höge and Hornung, 2013). However, many teachers appreciate the high degree of autonomy in their profession. In addition to a fixed number of teaching hours and regular extracurricular appointments (e.g., meetings), they are relatively free to allocate more than half of their working time (European Commission/Eurydice, 2013; OECD, 2019). However, the prerequisite for successfully coping with the extremely diverse work tasks is professional self-organization through which professional time and expenditure are individually controlled. In this respect, the subjective potential and resources of a teacher (e.g., work organization and ability to recover) are of considerable importance for the long-term preservation of health and work ability.

A conflict between self-determination and self-endangerment results from weighing up of one’s own quality standards at work and the need to recover from work. High expectations placed on teachers by society, parents, and students and their own desires for success, e.g., good student performance, can cause excessive exertion even though they realize that they are putting their health at risk (Dettmers et al., 2016). Krause et al. (2015) coined the term “interested self-endangerment” to describe this behavior. Typical examples of self-endangering behavior include presentism, working excessively long hours, working on weekends and vacations, and not taking recovery breaks. In a recent article, the working group around Krause demonstrated that teachers achieve short-term success in coping with their work demands by extending their working hours and thus experience themselves as competent. However, in the long term, they increase the risk of mental health impairments if they ignore the recovery required (Baeriswyl et al., 2021).

One model that analyzes the impact of job demands on teacher health is the effort-reward (ER) model (Siegrist et al., 2009). High effort is caused by working under time pressure, working with interruptions, or by an increase in workload. Reward, on the contrary, subsumes both material aspects, such as salary, promotion opportunities, and job security, and immaterial aspects, such as appreciation by colleagues, superiors, students, and parents. In a favorable case, for example, teachers’ high workload is compensated by adequate pay and appreciation by colleagues and students. According to this model, an effort-reward imbalance (ERI) generates psychosocial work stress that increases the risk of stress-associated illness and burnout in the medium and long term (Van Vegchel et al., 2005, Lehr et al., 2009; Zurlo et al., 2010; Wang et al., 2015; Rugulies et al., 2017; Solis-Soto et al., 2019; Madsen and Rugulies, 2021). In the study by Loerbroks et al. (2014), the ERI score in elementary school teachers was found to be a strong determinant not only of burnout but also of intention to leave the profession. Niedhammer et al. (2014) postulate that 16% of mental disorders can be attributed to an ERI.

In addition to work stress (extrinsic factor), the ER model also includes overcommitment (OC) as an intrinsic component. This describes an individual coping style with the tendency to overexert oneself without regard to one’s own resources (Siegrist and Li, 2016). It assumes that teachers who are simultaneously characterized by high ERI and high OC are at the greatest risk of decreased health and wellbeing (Siegrist et al., 2009; Siegrist and Li, 2016; Hinsch et al., 2019). However, the evidence on this is inconsistent. Excessive work engagement can, on the one hand, lead to extended working hours and, on the other hand, have unfavorable effects on recovery processes during non-working time, e.g., by not fully compensating for the consequences of previous activities (Meijman and Mulder, 1998; Sonnentag, 2003). Both long working hours and shortened recovery times are relevant to health (Meijman and Mulder, 1998; Wepfer et al., 2018).

Teachers working full-time in Germany often have high weekly working hours (Ø 45 h/week; Felsing et al., 2019a). Many even have to regularly use the weekend to manage their workload. In doing so, longer recovery intervals are fragmented. As a result, teachers have more limited recovery opportunities than people in other occupations with shorter working weeks or part-time work.

Recovery processes may also be impaired in teachers if they are unable to sufficiently distance themselves from work-related content (Sonnentag and Fritz, 2015). This mental detachment from work during rest periods is seen as a central component of individual recovery (Sonnentag and Fritz, 2015; Stieler et al., 2019). It is considered a link between working conditions and stress-related outcomes and has been discussed as an early indicator of exhaustion and burnout (Wendsche and Lohmann-Haislah, 2017; Seibt and Kreuzfeld, 2021). A physiological activation which lasts for the duration of working time is seen as a pathomechanism (Sonnentag and Fritz, 2015) which hinders the necessary recovery associated with persistent cognitive processes, such as affective rumination (Rau and Triemer, 2004; Cropley and Zijlstra, 2011). Also, excessive work engagement can thus contribute to individuals losing the ability to relax. This inability to recover is considered an individual pattern in coping with work demands and is considered a health risk factor in its own right among teachers (Varol et al., 2021). In a longitudinal study, Sonnentag et al. (2010) were able to predict future exhaustion for employees who have poor mental detachment in their free time. Exhaustion in this respect is the result of a chronic overtaxing of one’s own performance reserves. In the “burnout concept” according to Maslach and Jackson (1981), emotional exhaustion is seen as the core component (Hakanen et al., 2006; Skaalvik and Skaalvik, 2011a).

Gender seems to play an important role in relation to the extent of work stress. However, previous studies have provided contradictory findings in this regard (Gyllensten and Palmer, 2005). Women and men both differ in the way they are exposed to stress and in their response to stress (Folkman et al., 1986; Arntén et al., 2008). Causal factors include differences in working conditions, social role behavior, role conflicts, especially work-family conflicts, gender stereotypes, and related differences in advancement opportunities, among others (Gyllensten and Palmer, 2005; Li et al., 2006). In principle, workplace stress and work-family conflicts are risk factors for mental health disorders in both genders (Wang et al., 2008). For women, however, the probability of work-family conflicts and emotional exhaustion increases when they have to work longer than desired, i.e., they suffer from over-employment (Rubino et al., 2013).

Research has considered the differential effects of stress on men’s and women’s health under two hypotheses: differential exposure and differential vulnerability. The first hypothesis assumes that with fewer work-related resources (e.g., income and job promotion), women are exposed to interpersonal, emotional, and social stressors, including work-family conflicts, to a greater extent than men and therefore complain more about stress-related problems (e.g., Bond et al., 2004). The second hypothesis assumes that women react more sensitively to certain stressors because of the additive effect of family and paid work roles (Roxburgh, 1996; Arroba and James, 2002; Liu et al., 2008). It is conceivable that the observed gender differences will be reduced by the convergence of social roles (e.g., fathers taking on more family responsibilities) and the equalization of working conditions (Frankenhaeuser, 1991; Persson et al., 2008).

Decades ago, there were some studies that found gender differences in stress triggers and perceptions of stress levels among teachers as well (Laughlin, 1984; Travers and Cooper, 1991). In contrast, other studies found no gender-based differences (Jepson and Forrest, 2006; Reilly et al., 2014). Subsequently, the most common causes of occupational stress among teachers were identified as high work demands, student misbehavior, lack of student interest and motivation, and difficult interactions with colleagues and parents (Borg, 1990; Klassen et al., 2012; Aldrup et al., 2018). Here, female teachers have reported significantly higher levels of occupational stress than their male colleagues particularly in interactions with students and colleagues (Griffith et al., 1999; Antoniou et al., 2006). Females also reported higher levels of workload and emotional exhaustion compared to their male counterparts (Van Dick and Wagner, 2001; Sünbül, 2003; Antoniou et al., 2006; Wang et al., 2015; Arvidsson et al., 2016), and more discomfort and a higher anxiety level (Tamres et al., 2002; Chong and Chan, 2010; Arvidsson et al., 2016). Overall, female teachers perceive stress more often (Greenglass and Burke, 2003; Rasku and Kinnunen, 2003; Antoniou et al., 2006; Chaplain, 2008; Agaiâ-Demjaha et al., 2015) and rate their health worse than their male colleagues (Lagrosen and Lagrosen, 2020). In addition to gender, the number of working hours and relationship status are further factors influencing the extent of emotional exhaustion among teachers. Thus, married and partnered teachers as well as teachers with a weekly working time of less than 40 h each reported a lower emotional exhaustion than singles and employees with a weekly working time of more than 40 h (Wang et al., 2015).

Some teachers only become aware of the finite nature of their own resources when they are emotionally exhausted or suffer burnout. Latest now, there is a real risk of them having to give up the teaching profession and taking early retirement. Mental illnesses, especially emotional exhaustion, are closely related to early retirement among teachers (Leung and Lee, 2006; Skaalvik and Skaalvik, 2011b). Early retirement is understood here as the time of complete withdrawal from the teaching profession before reaching the official retirement age. In research, retirement is viewed as a process that examines retirement planning and the decision to retire, as well as retirement with its corresponding consequences (Beehr, 1986; Topa et al., 2009; Fisher et al., 2016a; Topa et al., 2018). This very complex process is influenced by a variety of individual, family, and work-related factors. In this context, personal goals interact with financial and health constraints.

In Germany, the regular retirement age for teachers is 67 years. However, only about one in four teachers reaches the statutory retirement age (Statistisches Bundesamt, 2018). Concrete data on the proportion of teachers who retire early due to invalidity are not available for Germany. A significant proportion of teachers still leave the profession early at their own request. According to research by Van Droogenbroeck and Spruyt (2014), female teachers are more likely than male teachers to want to retire.

In summary, it can be said that working conditions as well as individual and health-related factors can promote early retirement among teachers. With regard to previous studies on work-related stress among teachers, it should be critically noted that working conditions were often the focus of studies and that very heterogeneous samples are examined, including both full-time and part-time employees as well as teachers from primary and high schools, and teachers with different job profiles (e.g., principals, teachers with special functions, and regular teachers). This severely limits the interpretability of the results and may lead to incorrect conclusions. Therefore, further studies with homogeneous teacher samples are needed to analyze the causes of gender differences in work-related stress outcomes, paying particular attention to individual factors.

The aim of the study was therefore to identify possible gender differences in work, personal, and health characteristics on the basis of a dataset that is representative for full-time high school teachers in Germany. In particular, aspects of self-harming behavior were to be considered. Furthermore, it was necessary to clarify the question of the predictive value individual characteristics have for the probability of reaching regular retirement age. In addition, the analysis covered whether the subjective reasons for early retirement differed between female and male teachers.



MATERIALS AND METHODS


Procedures and Data Collection

The data for the present study were collected as part of the Germany-wide, cross-sectional study “Lehrerarbeit im Wandel” (Teaching under Change - LaiW study) between January and April 2018. The study determined the workload and health of high school (in German: Gymnasium) teachers in all 16 German states. The study period selected for the individual federal state represented an average workload in each case (no extraordinary activities, such as exams or extensive correction work).

In the run-up to the study, posters and flyers were placed at all high schools to advertise voluntary participation. Before the start of the study, all teachers received an information letter on the study in their school with information on data protection, implementation, and data evaluation as well as on the conditions for participation and access to the study. Anonymity of the data was ensured via transaction numbers and an eight-digit personal code. Data collection took place via an online portal of the University of Rostock.

A list of answers to frequently asked questions was available to participants on the LaiW study website for queries. In addition, the study team could be contacted by telephone and electronically throughout the study period.

The study consisted of an online questionnaire (OQ) and an online protocol (OP). First, all participants answered the online questionnaire on sociodemographic, job-specific, and health-related questions once. Subsequently, they logged their working time daily in the online protocol over a period of 4 weeks (28 days) using defined activity categories. From this, an average weekly working time was determined.

More than 20,000 high school teachers (hereafter teachers) participated in the LaiW study. Using the personal code, the online questionnaire and online protocol could be merged for data analysis. Complete datasets were available for 14,338 participants due to matching codes. About 84% of these records (n = 12,014) were related to teachers who primarily give lessons. In contrast, 16% of the records referred to teachers who were employed as head teachers or deputy head teachers or who performed other administrative tasks and functions within the school to a considerable extent and therefore gave significantly fewer lessons. For the comparison of gender-specific aspects, a sample should be studied that was as homogeneous as possible. Therefore, only datasets from full-time teachers with a reduction of up to 3 h (reduced teaching hours) were analyzed (n = 6,109).



Sample

The sample of 6,109 full-time teachers was composed of a slightly higher proportion of women (56%) compared to men (44%). The mean age of men was 42 ± 10 years and that of women was 41 ± 10 years (d = 0.180). The further composition of the sample is summarized in Table 1. Please see data analyses for information on the interpretation of effect sizes (d).



TABLE 1. Characteristics of the sample of male and female full-time teachers.
[image: Table1]

Combinations of languages and social sciences as well as languages and natural sciences were taught most frequently, with women indicating more pure language subjects and men indicating more natural science subjects (d = 0.529, medium effect).

Most teachers lived in a stable partnership (men: 87%, women: 77%; d = 0.252, small effect). About 5% of teachers reported having to care for relatives in the household, and more than a third (35%) of them also took care of children in their own household; however, this applied to 52% of men but only 21% of women (d = 0.719, medium effect).



Measures

Working time and the characteristics of psychosocial workload are used to describe workload (Siegrist et al., 2009). Overcommitment (Siegrist et al., 2009) and inability to recover (Richter et al., 1996) are attributes of self-harming behavior and emotional exhaustion is considered a health-related characteristic (Schaufeli et al., 1996). All questions about future retirement were developed in-house.



Online Questionnaire

In addition to sociodemographic (e.g., gender, age, and marital status) and occupation-specific information about teachers (e.g., teaching responsibilities, subjects taught, classes, and number of students), the OQ also included questions about work, personal, and health characteristics. Standardized questionnaires and supplementary self-developed questions were used to record these characteristics.


Psychosocial Workload

It was surveyed with the Effort-Reward-Imbalance Questionnaire (ERI-Q: Siegrist et al., 2009). This questionnaire allows the standardized measurement of occupational gratification crises. The short version used by Siegrist et al. (2009) included the main scales effort (3 items; range: 3–15 points) and reward (7 items; range: 7–35 points), as well as the effort-reward ratio (ER ratio). Each effort item was measured on a five-point scale from 1 (“disagree”) to 5 (“agree, and I’m very distressed”). The reward scale consisted of three subscales: status or job promotion, valuation or esteem, and job security. The reward items were measured on a five-point scale from 1 (“agree) to 5 (“disagree, and I’m very distressed”). High sum values indicated high perceived effort or reward. The ER ratio was formed from the sum values of the two main subscales by the following rule: ER-Ratio = ∑ effort/(∑ reward * 0.54). An ER ratio of >1 indicates an ERI (Siegrist et al., 2009), which is said to be associated with a health risk. The greater the imbalance between effort and reward (gratification crisis), the higher the health risk is said to be. Validity and reliability of the German short version of ERI-Q were satisfactory (Siegrist et al., 2009). For the main subscales, the values of internal consistency were above 0.70 (effort: 0.74 and reward: 0.79). For the ER scales of the present study, lower Cronbach Alpha’s were determined (effort: 0.61 and reward: 0.72), which can be classified as questionable or acceptable (Blanz, 2015).



Overcommitment

Overcommitment (OC) or excessive work commitment was also assessed with the short version of the ERI-Q (Siegrist et al., 2009). This is an individual coping style with a tendency to spend oneself without regard to one’s resources. The OC scale comprises six items that are rated on a four-point Likert scale (1 = strongly disagree up to 4 = strongly agree). In this scale, a sum score is formed from the six items (value range: 6–24 points), in which high values correspond to a high propensity to exert oneself. The upper tercile of the sum score was defined as the risk group (Siegrist et al., 2004). A Cronbach’s Alpha of 0.79 is given as the internal consistency of the OC subscale (Siegrist et al., 2009). In the present LaiW study, the Cronbach’s Alpha for OC was 0.77, which is acceptable (Blanz, 2015).



Inability to Recover

Inability to recover (IR) is a subscale of Questionnaire for Faulty Attitudes and Behavior Analysis relevant to coping with work demands (Richter et al., 1996). Depicted is extreme work commitment associated with accepted limited recovery ability in terms of an inefficient coping style (Richter et al., 1999). The inability to recover is assessed with six items using a four-point ranking scale (1 = not at all true to 4 = very true). Then, the sum value (range: 6–24 points) is formed over the six items, which can be assigned on the basis of percentile values to normal (6–18 points), high (19–21 points), and very high (22–24 points) recovery values. The reliability of the IR subscale was reported by Richter et al. (2015) with a Cronbach’s Alpha of 0.79. The Cronbach’s Alpha for IR was calculated to be 0.82 in our study and can be assigned to the good range (Blanz, 2015).



Emotional Exhaustion

Emotional exhaustion (EE) is considered the core component of the frequently cited burnout definition of Maslach and Jackson (1981) and was recorded by the German translation of the Maslach Burnout Inventory - General Survey (MBI-GS: Schaufeli et al., 1996). The subscale EE consists of five statements (items), which are assessed on a seven-point Likert scale (0 = never up to 6 = daily) according to their frequency of occurrence and are summarized as a mean value to form the EE score. High EE scores indicate typical stress reactions and the draining of emotional resources. For evaluation, the mean values of the subscale EE can be classified as low (<2.0 points), average (2.0–3.2 points), and high (>3.2 points; Maslach and Jackson, 1986). The validity evidence of the MBI has been demonstrated both for normal and clinical populations (Schaufeli et al., 2001) and for different occupational groups. Maslach and Jackson (1986) presented internal consistencies in the form of Cronbach’s Alphas of 0.90 for emotional exhaustion for a sample of 1,316 subjects. Schaufeli et al. (1996) report a Cronbach’s Alpha of 0.78 for emotional exhaustion. For the study presented here, the Cronbach’s Alpha was 0.78, which is in the acceptable range according to Blanz (2015).



Time of Retirement

The questions about the probability of early versus regular retirement and about the individual reasons were developed in-house for pragmatic considerations and were each recorded with a global question. The following question was to be answered as: “Can you imagine practicing your profession until the statutory regular retirement age?” If the question was answered “no,” a maximum of three main reasons for early retirement was to be given. Similarly, participants were asked to suggest two to three specific actions that they believe were necessary to remain healthy and employed in the teaching profession until regular retirement age. These statements and the reasons for early retirement were free text statements that were manually evaluated or categorized for all 6,109 teachers.




Online Protocol

The OP served to determine the weekly working time and activity structure of the teachers. To do this, the teachers had to document their work time daily for 4 weeks (28 days) using 12 practicable, suitably clear categories of teacher-specific activity, which were grouped into the following higher-level domains:

– teaching (lessons, substitution lessons)

– teaching-related activities (preparation and follow-up of lessons, correction and grading of students’ work, marking, preparation of projects, and excursions)

– non-teaching activities (work with students and parents, administration, work with colleagues, tasks within the scope of students’ inclusion and integration, supervision time, and all other tasks).

The total weekly working time was calculated by first determining the average values over 4 weeks for each activity category and subsequently summarizing these as the weekly working time. The amount of time for the individual activity categories was previously examined for statistical outliers. Extreme values were replaced with subject-specific mean values within each activity category. Participants who recorded their working time on fewer than 21 of 28 days were not included in the data analysis.



Data Analyses

Prior to the statistical calculations, the entire dataset was checked for implausible data. Input aids and default settings in both the online questionnaire and the online working time log prevented implausible data from being entered.

Statistical analysis of the data was performed with the Statistical Package for the Social Science (SPSS INC, Chicago, IL, United States) for Windows (version 27). A probability of error of α < 0.05 was set as the statistical significance criterion and supplemented by effect sizes. The interpretation of effect sizes was based on the conventions of Cohen (1988). Statistically significant effects in the analyses of variance or the χ2 tests were considered to be small effect sizes from [image: image] = 0.01 or d = 0.20, respectively.

The focus of this paper is on the analysis of gender effects for the examined work-, person-, and health-related characteristics. Mean differences between male and female teachers were examined for these characteristics - after checking for age groups and subject profiles - using univariate General Linear Models. The χ2 test was used for difference testing of categorical variables.

Correlations between work-related and personal characteristics and emotional exhaustion with the variable early or regular retirement were examined gender-specifically and with point-biserial correlations. Correlations between the characteristics were analyzed using Pearson product-moment correlation. Correlation coefficients were interpreted according to Bühl (2016), where r ± ≤0.10 was considered independent of each other.

Binary logistic regression analyses were carried out to clarify the question of the predictive value work and individual characteristics (independent variables), including control variables, have for the probability of reaching the regular retirement age (response variables). These analyses were performed separately for male and female teachers. The selection of characteristics included in the overall model (method: enter) was based on the results of the correlation analysis; this was prefixed to the regression. To assess the goodness-of-fit, the Nagelkerke R2 was used, which can assume values of between 0 and 1.




RESULTS


Gender Comparison for Workload

Weekly teaching hours, time for teaching-related and non-teaching activities, and working time were investigated as working time-related characteristics (see Table 2). As expected, the number of compulsory hours does not differ between male and female teachers (p = 0.234); they teach an average of 22 school hours per week (á 45 min). For teaching-related activities, however, women report an average of 19 h/week, about 2 h more than men [image: image] = 0.016, small effect), while there is only a marginal gender effect for the time spent on non-teaching activities [image: image] = 0.003); on average, all teachers invest 10 h/week for these tasks. In summary, female teachers work an average of 1.5 h more per week than male teachers (∅ 45.7 vs. 44.2 h/week; [image: image] = 0.012, small effect).



TABLE 2. Main effects of work-related characteristics and covariates (age groups and subject profile) for male and female full-time teachers.
[image: Table2]

For the control variables age group and subject profile, there are statistically significant effects (p < 0.05) for activity proportions and working time, but it is not practically significant [image: image] < 0.010). Younger colleagues (20–29 years) nevertheless have significantly longer working hours than older colleagues (60–67 years; ∅ 47.0 vs. 42.2 h/week; [image: image] = 0.012, small effect). When looking at it in terms of gender, this difference can only be confirmed for female teachers (∅ 47.4 vs. 42.9 h/week; [image: image] = 0.011, small effect).

The effort-reward subscales (ER subscales) are considered a second aspect of workload (see Table 2). The mean scores of the ER subscales are not significantly different between male and female teachers (p ≥ 0.05). The mean scores of all teachers are still in the normal range for effort (∅ 10 of 15 points) and reward (∅ 26 of 35 points). For the ER ratio, the mean value of the teachers is 0.93 and thus still outside the risk range. Nevertheless, there is a health risk due to the imbalance of effort and reward (ER ratio > 1) for more than one-third of them (35%). The three ER subscales effort, reward, and ER ratio are not influenced by the subject profiles taught [image: image] < 0.010). However, there is an age effect for the results on effort [image: image] = 0.019, small effect).

Neither gender differences nor age effects nor effects related to the subject profile can be determined with significant practical importance for the three reward subscales promotion, esteem, and job security [image: image] < 0.010). The opportunities for job promotion are reported by the teachers with an average of 11 points (range: 3–15 points). Perceived professional esteem is rated an average of 7, and job security with 8 points (range in each case: 2–10 points).



Gender Comparison for Personal Characteristics

Overcommitment and inability to recover were investigated as person-related characteristics with a link to self-harming behavior. On average, the mean scores for both overcommitment and inability to recover differ between male and female teachers (see Table 3; [image: image] ≥ 0.01, small effects). These are within the normal range for both genders and both characteristics but are close to the border of the high range (>18 of 24 points).



TABLE 3. Main effects of personal characteristics and covariates (age groups and subject profile) of male and female full-time teachers.
[image: Table3]

One-third of male teachers (33%) and about half of female teachers (47%) tend to overexert themselves (see Figure 1, d = 0.288, small effect). A similar pattern emerges for inability to recover. Here too, significantly more female than male teachers show high or very high values (d = 0.250, small effect) at 47 and 38%, respectively. Age and subject profile have no relevant influence on these results [image: image] < 0.010).

[image: Figure 1]

FIGURE 1. Overcommitment and inability to recover of male (n = 2,680) and female (n = 3,429) full-time teachers. Chi-square test according to Pearson (test size: χ2-value, effect size: d); significance (two-sided): ***p < 0.001. Effect size according to Cohen (1988): d: 0.20–0.49 = small effect.


From the perspective of personal characteristics, there is a clear health risk from self-harming behavior for a total of 21% of male teachers and for more than one-third (35%) of female teachers; they are noticable for both high values for overcommitment and inability to recover. Only half of the teachers (51%) show normal levels of overcommitment and recovery at the same time (men: 59% and women: 44%).



Gender Comparison for Emotional Exhaustion

There is a significant difference between male and female teachers (p < 0.001) for emotional exhaustion - checking for age groups and subject profile - but this difference is also not practically relevant [image: image] < 0.01; see Table 4). Thus, the average values of teachers (range: 0–6 points) for emotional exhaustion are at 2.4 points. According to this, teachers experience emotional exhaustion on average “once a month.” This result is not influenced by age effects or effects of the subject profiles taught [image: image] < 0.01).



TABLE 4. Main effects of emotional exhaustion and covariates (age groups and subject profile) of male and female full-time teachers.
[image: Table4]

According to the classification recommended by Maslach and Jackson (1986), the mean values of emotional exhaustion are in the average range for both genders. Just under a quarter (23%) of the male teachers and a third (31%) of the female teachers show high emotional exhaustion (see Figure 2).

[image: Figure 2]

FIGURE 2. Emotional exhaustion of male (n = 2,680) and female (n = 3,429) full-time teachers. Chi-square test according to Pearson (test size: χ2-value, effect size: d); significance (two-sided). Effect size according to Cohen (1988): d: <0.20 = no effect.




Gender Comparison for the Time of Retirement

The question about early retirement was answered significantly differently by male and female teachers (d = 0.261, small effect): 30% of male and 42% of female teachers estimate that they will not remain in the profession until they reach the regular retirement age. The reasons for this hardly differ between the two gender groups (d < 0.20; see Figure 3). About half (51%) of the teachers made two statements and 13% made three. More than three quarters (79%) cited excessive workload as the main reason for taking early retirement. Age-related decrease in physical strength (18%) or mental illness (including emotional exhaustion; 18%) was also cited. For a few female teachers (<1%), caring for relatives is also a reason for early retirement. About 3% of teachers provided incorrect or no information on reasons for early retirement. Further reasons are shown in Figure 3.

[image: Figure 3]

FIGURE 3. Reasons for not reaching regular retirement of male (n = 2,680) and female (n = 3,429) full-time teachers (multiple responses possible).


In order to reach the regular retirement age in good health, teachers suggest the following main measures: reducing the number of compulsory hours (46%), decreasing class size (29%), reducing additional tasks (21%) as well as bureaucracy and the administrative burden (18%), and improving organizational conditions (22%). No relevant gender differences could be demonstrated for any of the proposed measures (d < 0.20).



Associations Between Work-, Person-, and Health-Related Characteristics With Retirement

The correlation analyses examined the relationship between work-, person-, and health-related characteristics and age with the variable early versus regular retirement for both genders. The strength of the examined correlations did not differ between the genders. The work-related characteristics do not show any statistical significant correlation with the variable retirement start date (r = −0.08–0.01). The effort-reward subscales correlate low with prediction of retirement (r = −0.31 to −0.28), i.e., low occupational effort, high reward, and low ER ratio tend to be associated with attainment of regular retirement age.

The same applies to the correlations between retirement and personal characteristics (r = −0.29 to −0.21) or emotional exhaustion (male: r = −0.35, female: r = −0.34): The more favorable ability to recover, overcommitment and emotional exhaustion are, the more probability there is of reaching the regular date of retirement. For age, there is a very small (r = −0.15) correlation for male teachers and a small (r = −0.21) correlation for female teachers.

Regardless of gender, the trend of increasing weekly working time for teachers is accompanied by a higher overcommitment (r = 0.26), reduced ability to recover (r = 0.26), and increased ERI (r = 0.23), and vice versa; while for emotional exhaustion there is only a very small correlation with weekly working time (r = 0.17). At the same time, increasing effort-reward ratio, overcommitment (r = 0.42), inability to recover (r = 0.49), and emotional exhaustion (r = 0.44) are on the rise. Emotional exhaustion is moderately correlated with overcommitment (r = 0.53) and inability to recovery (r = 0.57). And there is a strong correlation between overcommitment and inability to recover (r = 0.77), according to which pronounced overcommitment is associated with strong inability to recover.

Binary logistic regression analyses were calculated separately for both genders to examine the extent to which the characteristics studied contribute to reaching the regular retirement age among male and female teachers. The results of these analyses make clear that the models of the two gender groups practically do not differ. When looking at the individual (independent) characteristics, it turns out that the control variable subject profile and the working time-related characteristics hardly contribute to the explanation of reaching regular retirement age (Nagelkerke R2 < 1%). The ER model characteristics explain 8 to 13%, and the person-related characteristics 6 to 15% of the probability of reaching regular retirement age. For both gender groups emotional exhaustion (15–17%), ability to recover (11–14%), and the effort-reward ratio (12–13%) provide the highest-related explanations.

Therefore, and based on the correlation analyses, only total weekly working time, ER ratio, the person-related characteristics, and emotional exhaustion were included in the overall model, as well as age as a control variable. The propensity to overcommit and the ability to recover alone explain 11–15% and the addition of emotional exhaustion 17–21% of the variance for attainment of regular retirement age, whereby the correlation between overcommitment and ability to recover should be noted (r = 0.77).

The highest variance clarification could be achieved with the overall model (see Table 5). For both genders, this model is statistically significant (male/female: χ2(6) = 520.80/705.72, p < 0.001); however, at 25% (Nagelkerke R2 = 0.25), it shows only an acceptable goodness-of-fit between the overall model and the data (Backhaus et al., 2003), which means the independent variables explain 25% of the probability of teachers reaching regular retirement age.



TABLE 5. Binary logistic regression models of work-, person-, and health-related characteristics and covariates (age and subject profile) with reaching regular retirement of male (n = 2,680) and female (n = 3,429) full-time teachers.
[image: Table5]

According to the percentage of accuracy in classification, only 36% of the statements of male teachers who cannot imagine reaching regular retirement age (288 out of 791) were predicted correctly. For female teachers, this concerns 54% (774 out of 1,441). In comparison, 92% of the statements made by male teachers and 81% by female teachers who stated that they intend to retire at the regular retirement start date are correctly assigned. Overall, this corresponds to a correct prediction in 76% of cases for male teachers and in 69% of cases for female teachers. All model coefficients and odds can be found in Table 5.

The main predictors for reaching the regular retirement are emotional exhaustion, ER ratio, inability to recover, and overcommitment: As the ER ratio increases and the EE increases, the chance of regular retirement is reduced by a factor of 0.416 and 0.655 for men and by a factor of 0.423 and 0.635 for women, respectively. For both genders, these correlations are weaker for the inability to recover (OR: male = 0.867, female = 0.910) and overcommitment (OR = 0.781 and 0.844, respectively).




DISCUSSION

Teachers regularly perform a wide range of tasks with high psychosocial and emotional demands. In doing so, the high level of autonomy in the work organization represents both a resource and a risk for the long-term health of teachers. If a good balance between work and recovery is achieved, teachers can stay in the profession for a long time. However, if an unfavorable working style leads to high levels of professional exhaustion and an inability to recover, teachers are at increased risk of stress-related mental illness and early retirement. It is therefore of paramount importance to analyze possible factors of influence in this process and to examine whether in different ways males and females endanger their own health due to particular behavior, thereby increasing the probability of early retirement.

Our study shows that the overall working time of full-time high school teachers differs only slightly [image: image] < 0.01). The only difference is that, on average, female teachers spend about 2 h a week more on teaching activities than male teachers [image: image] = 0.016, small effect). It is noticeable that the extent of emotional exhaustion does not differ between the genders [image: image] < 0.01). Previous studies came to contradictory results (e.g., Bakker et al., 2002; Bekker et al., 2005; Rupert and Morgan, 2005). In some studies, female teachers have reported higher levels of emotional exhaustion than male teachers (Van Dick and Wagner, 2001; Wang et al., 2015; Arvidsson et al., 2016). A frequent justification for this has been the assumed greater overall burden on women due to increased family obligations and work-family conflicts (Gyllensten and Palmer, 2005). Since this study only looked at full-time teachers and noticeably few female teachers cared for children in their own household (21%), the lack of gender differences seems plausible. In addition, family responsibilities are now shared more fairly between men and women than they were 20 years ago.

It should be noted that in total around one-quarter of male teachers (23%) and one-third of female teachers (31%) have high levels of emotional exhaustion. This is a disturbing finding since it is evident that high exhaustion values are an important risk factor in deciding on early retirement or for moving to other professions (Alarcon, 2011; Van Droogenbroeck and Spruyt, 2014). Moreover, emotional exhaustion is closely linked to both work satisfaction (Klusmann et al., 2008; Skaalvik and Skaalvik, 2010) and student achievement (Klusmann et al., 2016).

In terms of personal traits, the results show significant differences in self-harming behavior between male and female teachers. For example, significantly more female teachers (35%) than male teachers (21%) are affected by a high level of overcommitment and a high inability to recover. These teachers are at increased risk to their health in the medium and long term, especially from exhaustion. Only half of teachers (51%) have normal values for both overcommitment and ability to recover (men: 59% and women: 44%).

The regression models confirm that these personal characteristics contribute to the prediction of early retirement. Emotional exhaustion, inability to recover, overcommitment, and ER ratio are identified as important predictors for entering retirement for both genders. The results imply an increase in the probability of early retirement with increasing emotional exhaustion and inability to recover, and a high level of overcommitment. Similarly, an increase in the imbalance between effort and reward (ER ratio) increases the probability of leaving the profession early. Age effects tend to be subordinate in both genders, with the slight trend that as teachers age, they are more likely to anticipate retirement. Considerably more female teachers (42%) than male teachers (30%) predict early retirement (d = 261, small effect).

However, the two regression models have a low sensitivity and account for only 25% of the variation in each gender group. This means that retirement age is affected by other features not studied here. Van Droogenbroeck and Spruyt (2014), in a sample of more than 3,000 Belgian teachers, 60% of whom were in employment and 40% were already retired, identified gender, emotional exhaustion, and financial security (e.g., own property) among others as significant predictors of a retirement decision. As in this study, female Belgian teachers want to retire more than their male colleagues. Irrespective of gender, two-thirds of teachers want and make use of early retirement. Teacher turnover is a long-known phenomenon in the teaching profession, with the highest dropouts in early and late career (Grissmer and Kirby, 1997). Harris and Adams (2007) showed that the early retirement of teachers is a particular issue in comparison with other professions (including nurses and social workers).

Although there are many reasons for leaving the profession in this study, it is surprising that there is a strong match between male and female teachers: high workload is the main reason for early retirement for more than three quarters (79%) of all teachers. However, excessive work demands are not only perceived by teachers subjectively (Bauer et al., 2007; Skaalvik and Skaalvik, 2010), but also are considered the most important cause of stress (Kyriacou, 2001) and reduced wellbeing (Skaalvik and Skaalvik, 2017b) in the teaching profession. In addition, high work demands have been proven to be related to emotional exhaustion (Antoniou et al., 2006; Hakanen et al., 2006; Skaalvik and Skaalvik, 2017a; Baeriswyl et al., 2021).

Whether high work requirements ultimately become a health risk depends on the working conditions themselves and how an individual deals with these requirements. The effort-reward model (Siegrist et al., 2009) contains both explanatory approaches to the relationship between work requirements and health, including the intrinsic feature overcommitment. Both ERI (ER ratio > 1) as well as an excess tendency to overcommit were identified as predictors for early retirement. For the ER ratio, there was no gender effect, but for the overcommitment there was. It is worth noting that over a third (35%) of all teachers surveyed reported an ERI. In contrast, the share of ERI was significantly lower (22%) in a previous study among German teachers by Unterbrink et al. (2007). They also showed no gender effects in the ER ratio; however, they found an age effect. Teachers aged 45 and over reported higher ER ratios than their younger colleagues. Hinz et al. (2016), in contrast, in a recent German study, stated a slightly lower ER ratio for female teachers (0.63) than for male teachers (0.69; [image: image] = 0.11, medium effect), without evidence of a significant age effect. Although the current gender impact study appears inconsistent. Siegrist (2017) drew attention to the high prevalence of ERI in education and showed a link between ERI, exhaustion, and depression in teachers.

Overcommitment may also increases the risk of exhaustion (Bakker et al., 2000; Wang et al., 2015). Our results show significant gender differences for overcommitment. Almost half of female teachers (47%) and at least one-third (33%) of male teachers are excessively likely to overcommit. While the direct health effect of overcommitment has been demonstrated robustly, it has not yet been fully clarified whether overcommitment further moderates the relationship between effort and reward (Siegrist and Li, 2016).

The second model looked at coping patterns, the inability of recovery, and it also showed that male and female teachers cope differently with their professional needs. For example, insufficient recovery in our sample was significantly more common among female (47%) than among male teachers (38%; [image: image] = 0.033, small effect). The argument that family responsibilities could lead to an inability for recovery is not true in our sample as a justification for gender differences, because only one in five female teachers looked after children in their own household. But it may be that female teachers find it harder to mentally detach from work content. Some studies have shown that people who tend to overcommit have a lower ability to switch off from work (Feldt et al., 2013; Wendsche and Lohmann-Haislah, 2017).

Mental detachment is an essential condition for recovery (Sonnentag and Fritz, 2015). This seems to be a particular problem in the teaching profession. Varol et al. (2021) showed, on the basis of a representative survey of German employees, that teachers report difficulties in switching off from work mentally twice as often compared to other professions (42% vs. 21%). Emotional requirements as well as time and performance pressure were the main causes of this. Overall, teachers were the second most frequently (23%) affected by recovery problems after managers (Schulz et al., 2020).

For teachers, recovery after work is particularly important, as their opportunities for rest at work are insufficient (Geurts, 2014). In addition, unfavorable working hours in the evening and the weekends hinder necessary recovery processes due to consistent physiological activation (Van der Hulst, 2003; Sonnentag and Fritz, 2015) and may stimulate rumination. Ruminating, which females have a stronger propensity for than males (Jose and Brown, 2008; Hyde, 2014), can continue the process of not being able to switch off. In a recent meta-analysis, Karabinski et al. (2021) showed that a variety of interventions can effectively support detaching from work, especially when the programs use either boundary management strategies, emotional regulation techniques, or strategies to improve sleep quality as key elements. Interventions with higher intensity and longer duration achieved the greatest success. Older participants and those with health impairments benefited more from the programs.

In summary, the present study shows that for full-time high school teachers, the work-related characteristics are not differ between the genders [image: image] < 0.01). Even for emotional exhaustion, the differences between the two gender groups are not relevant. On the other hand, the personal characteristics of overcommitment and inability to recover are significantly less favorable for female teachers than for male teachers. As both behavioral characteristics are considered ineffective coping strategies and they further increase the stress caused by working conditions, there is evidence of more self-harming behavior among female teachers than among their male counterparts. The assumption is supported by the significantly more frequent perception of females that they cannot remain in the profession until the regular retirement age.

The originality of the study is that for the first time, data on working time, work load, and health are reported with a large and representative sample of full-time high school teachers for the whole of Germany, taking into account significant influence factors. The composition of the sample corresponds to the characteristics of gender and age of the German high school teaching population. These represent a large professional group, which throughout Germany comprises approximately 42% men and 58% women, thus allowing good comparability for the consequences of gender-specific, occupational stress (Travers and Cooper, 1991).

Another feature of this study is the relatively homogeneous sample, which only takes into account full-time upper-level high school teachers for whom the share of teaching dominates; teachers in management positions (e.g., school directors) and officials (e.g., staff councils) were consistently excluded. Both genders have comparable working conditions, which is considered a crucial prerequisite to detect gender effects (Schaufeli et al., 2001). Previous research has often looked at inhomogeneous samples and reported gender differences with no indication of effect sizes (Bauer et al., 2006; Unterbrink et al., 2007; Nübling et al., 2011; Hinz et al., 2016).

From a methodological point of view, the study is also based on differentiated working time records with 12 categories of activities over 4 weeks (online protocol). Even if this period represents only an average workload from the school year, this method of collection provides a reliable basis for determining average weekly working time (Felsing et al., 2019b). In addition, answers relating to early retirement and possible measures to achieve normal retirement age were evaluated with great effort for all 6,109 teachers and categorized according to self-developed categories. As teachers are considered experts in this context, a differentiated picture of their occupational and health sources and resources could be generated.

There are also limitations to consider when interpreting the results in this study. The data were collected as a cross-sectional study, so that it is not possible to tell causal links between the characteristics examined and the projected retirement age of the teachers. Since participation in the investigation was voluntary, it is also a convenience sample in which selection effects and a healthy worker effect cannot be excluded. As a result, health risks may have been underestimated.

Another limitation concerns data collection: since the variables were captured by self-information, known bias due to social desirability, response tendencies and memory deficits cannot be excluded. Furthermore, the probability of retirement was collected only as a single item. As the focus on this issue is on content validity, this method of survey is appropriate (Fisher et al., 2016b). According to de Boer et al. (2004), a single global issue of validity and reliability does not have to have significant disadvantages over larger sets of questions.

With regard to the regression analyses used, it should be noted that ultimately both gender and the confounders adjusted in the statistical analyses could be partially related to early retirement. In order to achieve more clarity about the influence of the variables, alternative analyses, such as a propensity score matching analyses, could be applied in the future.



CONCLUSION

The study supports the known findings that teachers need more support to stay healthy. This is the most important prerequisite for dealing with the demanding work requirements, to remain efficient and to provide good teaching. The sample in this study provides a solid basis to derive proportionate and behavioral prevention measures. The key is to identify health risks at an early stage and to influence labor and health resources in such a way as to counteract widespread premature retirement among teachers.

In order to protect against overcommitment and health problems, measures are needed which focus on reducing work requirements and developing social support work environments, while at the same time focusing on individual improvement of coping strategies in dealing with the high workloads and emotional interactions. The teachers in our study themselves propose reducing the class size and the number of compulsory hours, reducing additional tasks, bureaucratic structures and administrative burdens, and above all improving the organizational and working conditions in schools. This includes providing high-quality teaching materials and creating adequate retreats at school, as well as a value-added management style and team-oriented approach among all employees. Teachers also want more realistic curricula and more time to maintain relationships with students. In addition, in the teaching profession, there is a lack of well-founded and proven human resources development strategies which maintain and promote the employability and health of teachers until their regular retirement. It would be advisable to offer preventive medical care on a regular basis, covering early indicators of health risk, such as overcommitment, inability to recover, and emotional exhaustion, and use them as a basis for individual health advice for teachers.

On an individual level, aspiring teachers should learn in their studies techniques and strategies which contribute to the regeneration and strengthening of resilience and which can be integrated into both professional and private everyday life. These includes active recreation offers, such as activities in nature, which help to switch off from work. It is also necessary for teachers to develop a healthy distance from the many requirements of the teaching profession.

In the future, it will be essential to have longitudinal studies to analyze the links between school workload and health consequences, as well as health prevention.
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Educational reformers all around the globe are continuously searching for ways to make schools more effective and efficient. In Germany, this movement has led to reforms that reduced overall school time of high track secondary schools from 9 to 8 years, which was compensated for by increasing average instruction time per week in lower secondary school (Grades 5–10). Based on prior research, we assumed that this reform might increase gender disparities in STEM-related outcomes, stress, and health because it required students to learn similar content in less amount of time. Therefore, we investigated how the school time reform affected gender disparities at the end of upper secondary school between 2011 and 2013. Specifically, we considered representative data of the last two cohorts who completed lower secondary school before the reform (N = 2,405) and the first two cohorts after the reform (N = 2,413) from the National Educational Panel Study. Potential differences in gender disparities were investigated for upper secondary school outcomes of subject-specific standardized test performance, self-concept, and interest in mathematics, biology and physics, as well as outcomes of school-related stress and health. Overall, we found substantial disparities between girls and boys, which seemed to change little after the reform. Exceptions were the statistically significant gender × reform interactions for one stress dimension (Overload) and two health dimensions (Overburdening and Achievement-related fear) which increased for both boys and girls, but more strongly for girls.
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INTRODUCTION

The optimal amount of time needed to learn has a longstanding history of research and critical socio-political discussions (Pischke, 2007; Cuban, 2008). As summarized by Patall et al. (2010), whereas proponents suggest that more instructional time (e.g., in a given school year) improves student achievement, opponents have called this into question. In their systematic review, Patall et al. (2010) provided tentative evidence of the positive effects of increasing school time on student achievement, while reminding readers that much of what we currently know about this topic is based on weak designs. Considering further studies, findings on the effect of increasing instructional time on student achievement seem to be mixed, with some studies suggesting positive effects (e.g., Lavy, 2015; Andersen et al., 2016) and others finding zero or even negative effects (e.g., Allensworth et al., 2009; Nomi and Allensworth, 2009; Domina et al., 2015).

In contrast to these findings and intentions to increase instructional time, discussions regarding the optimal degree of time to learn went in a slightly different direction in Germany, where reforms from the past two decades were focused on making schools more efficient, for instance the “Gymnasium [high track secondary school] in 8 years”-reform (G8-reform). This reform aimed at reducing overall school time of high track secondary schools from 9 (G9) to 8 years (G8), which was compensated for by increasing average instruction time per week in lower secondary school (e.g., on average 3.69 additional hours per week each year; Homuth, 2017). Typically these reforms were implemented by either abolishing Grade 11 in upper secondary school or abolishing Grade 10 in lower secondary school (Kühn et al., 2013). Notably, in this study we focused on students from one German state (Baden-Württemberg). Here, overall instructional time per week was increased, while instruction time in STEM subjects remained largely comparable before and after the reform. Beyond this, further changes were implemented, which were required to increase instruction time per week, for instance new educational standards and school-specific curricula. Current research on the G8- reform is mixed in that some studies find student achievement to increase in lower secondary school (Huebener et al., 2017), whereas others find zero or negative effects on achievement, negative effects on stress levels and health, and delayed university enrollment of females (e.g., Büttner and Thomsen, 2015; Hübner et al., 2017a; Quis, 2018; Meyer et al., 2019; Marcus et al., 2020). Further studies are needed to investigate potential causes of these reported differences which may result from different samples (e.g., from different states) but also relate to the timeframe examined over which effects might accumulate or dissipate.

Although many school time studies focused STEM subjects, gender disparities, for instance on motivational outcomes or wellbeing, have been rarely investigated. This is surprising, because recent studies continue to find gender differences in STEM subjects (e.g., Watt, 2004; Else-Quest et al., 2010; Hübner et al., 2017b; Lazarides and Lauermann, 2019; Makarova et al., 2019; OECD, 2019) and on wellbeing (e.g., Hampel and Petermann, 2006; Moksnes et al., 2010; Salmela-Aro and Tynkkynen, 2012). Both motivation and wellbeing were found to be relevant for student achievement, aside from their importance in and of themselves (e.g., Widlund et al., 2018; Watt et al., 2019; Eccles and Wigfield, 2020; Wu et al., 2021). In addition, these constructs might also be affected by school reforms, as shown in prior studies (e.g., Hübner et al., 2017b; Marcus et al., 2020). It is consequently important to investigate whether girls may be disadvantaged relative to boys by the reform-induced changes, particularly regarding motivation and wellbeing. Therefore, in this study, we investigate gender disparities before and after the G8 school time reform in one German state (Baden-Württemberg) on an extended range of STEM-related outcomes beyond standardized test performance, such as subject-specific self-concept and interest in the subjects mathematics, biology and physics, and also include measures of school-related stress and health in the last year of secondary school.



GENDER AND SCHOOL TIME


Achievement, Gender, and School Time

Scarce evidence exists on gender disparities as a result of school time interventions or reforms. This is surprising for different reasons. First, gender equality is a central goal of all countries committed to human rights (United Nations General Assembly, 1948). Secondly, gender equality can contribute to economic growth (Altuzarra et al., 2021; Santos Silva and Klasen, 2021), particularly through increased participation in STEM jobs (Maceira, 2017; Hammond et al., 2020), which critically depend on achievement, self-concept, and course choices of STEM subjects in school (Updegraff et al., 1996; Parker et al., 2012; Watt et al., 2012, 2017; Schoon and Eccles, 2014. Referring to these arguments which underscore the relevance of monitoring effects of educational initiatives and reforms on gender disparities in general, it seems reasonable to believe that the G8-reform might specifically affect gender disparities in STEM. As girls and boys report different levels of self-concept and interest in math-intensive domains of STEM, which are central for subsequent achievement (e.g., Else-Quest et al., 2010; Hübner et al., 2017b,2019; Eccles and Wigfield, 2020; Wu et al., 2021), it is important to investigate if the reform-induced intensifications/compression in lower secondary school might affect gender disparities in STEM-related achievement and motivation.

Several studies found differential effects of instructional time reforms for high- and low-performing students. For instance, Nomi and Allensworth (2009) investigated the effect of the “Double-Dose” algebra reform in Chicago, which required Grade 9 students with test scores below the national median to participate in additional algebra courses. The authors found a stronger positive effect for students close to the median, compared with students who performed much lower. In the same vein, Huebener et al. (2017) found small and sometimes non-significant changes in mathematics and science achievement for lower deciles of the performance distribution in the course of the G8-reform in Germany, whereas effects were larger for higher deciles. To our knowledge, that study is the only one in which the potential effects of the G8-reform on gender disparities were examined in science, reading and mathematics achievement for Grade 9 students. Interestingly, the findings suggested no statistically significant differential effects on girls and boys in Grade 9. The timing of assessment is important to consider when interpreting results of different G8-studies, because G8 students in Grade 9 have had substantially more instructional time compared with G9 students in Grade 9. However, by the end of upper secondary school both cohorts have received a more comparable amount of instructional time.

In another study, Lavy (2015) reported that the treatment effect of increased school time was larger in higher performing countries, using PISA data. The author accounted for systematic differences between different countries by applying a country fixed-effects approach. These results provide tentative evidence of effect heterogeneity as a result of school time reforms, depending on students’ level of achievement.

Many school time studies and reforms focused on changes in STEM achievement of high and low performers, while gender disparities, for instance on motivational outcomes or wellbeing, have been rarely investigated. This constitutes an important limitation of many prior studies because gender disparities in STEM are well documented: The OECD (2019) reported a mathematics advantage for boys in 32 economies/countries (of 78; 14 economies/countries reported advantages for girls) and a science advantage for girls in 34 countries (of 78; 9 economies/countries reported advantages for boys). Notably, the differences were small on average (d = 0.05; ranging from d = 0.22 in Colombia to a non-significant difference of d = 0.01 in the Netherlands), and recent research suggests closings of these gaps, for instance in science achievement (e.g., Meinck and Brese, 2020). There are also meta-analyses that essentially found very small gender differences in math achievement but substantial variability across countries (e.g., Else-Quest et al., 2010). However, robust and systematic gender differences favor boys for math self-concept and interest in adolescence (e.g., Watt, 2004; Else-Quest et al., 2010; Frenzel et al., 2010; Nagy et al., 2010; Hübner et al., 2017b,2019; Widlund et al., 2018; Parker et al., 2020; Mejía-Rodríguez et al., 2021; Wu et al., 2021).

Probably most important in the context of this study, prior research using rich data from the end of German upper secondary school has provided evidence for substantial differences between boys and girls on a broad variety of mathematically intensive STEM outcomes, even after controlling for cognitive abilities. For instance, Hübner et al. (2019) found girls to have statistically significantly lower achievement in mathematics (d ≥ 0.45, p < 0.05) and physics (d ≥ 0.63, p < 0.05), compared to boys, whereas no such gender differences were found in biology. In addition, differences in mathematics in advantage of boys seem to be pronounced in Germany already by Grade 4 in elementary school (d = 0.18; Stanat et al., 2017).



Self-Concept, Interest, Gender, and School Time

Women and men differ substantially in regard to their mathematical and mathematics-intensive STEM educational pathways and career aspirations (Watt et al., 2012, 2017; Schoon and Eccles, 2014; Lazarides and Lauermann, 2019; Makarova et al., 2019; Lazarides et al., 2020). This process has been referred to as the leaky STEM pipeline (Jacobs and Simpkins, 2005). Prior research has found that central to the choice of advanced course enrollments are students’ subject-specific achievement (Updegraff et al., 1996; Parker et al., 2012) and self-concept and values (Watt et al., 2012), even after controlling for prior achievement levels in the domain (Watt et al., 2017). These motivational variables have been linked not only to school enrollment but further to aspired educational and occupational pathways in mathematics and STEM subfields (Watt et al., 2012, 2017). Choosing advanced courses in high school constitutes a key factor for subsequent enrollment in STEM subjects at university (Ma and Johnson, 2008; Eccles and Wigfield, 2020; Lazarides et al., 2020). Thus, if a reform has differential effects on girls and boys (e.g., increases or decreases to their motivation), it is likely to affect subsequent decisions for or against related courses in high school or later on at university (e.g., Hübner et al., 2017b; Biewen and Schwerter, 2021).

This line of argumentation can be extended and implications can be derived more theoretically: Expectancy-value theory (Eccles, 1983; Eccles and Wigfield, 2002, 2020) outlines that key elements for choices are students’ expectations of success and task values and that both are influenced by prior achievement. Empirical evidence for this assumption can be found, for instance, in literature on the reciprocal effects model between self-concept and achievement (Marsh and Craven, 2006; Seaton et al., 2015). Self-concept is defined as students’ perceptions about their abilities, which develops via engagement with others (Shavelson et al., 1976; Marsh, 1990; Marsh et al., 2016). Task values, the other important set of variables to explain choices, consist of four components: intrinsic, attainment, utility, and cost values. Intrinsic value refers to students’ enjoyment when performing a specific task, attainment value refers to the personal importance a student attaches to a task, and utility value refers to its usefulness; researchers have combined attainment and utility values and referred to “importance value.” Costs, on the other hand, refer to the perceived negative consequences of task engagement, for example, effort or psychological and social costs (Watt et al., 2019).

Regarding subject-specific self-concept and interest, prior research suggests differences between girls and boys, which typically follow stereotypic patterns: Boys tend to report higher self-concept and interest in math-intensive STEM subjects compared to girls, whereas these effects are typically zero or in favor of girls in subjects such as biology (e.g., Denissen et al., 2007; Hübner et al., 2017b,2019; Watt et al., 2017, 2019; Parker et al., 2020; Mejía-Rodríguez et al., 2021). Therefore, if school time reforms force girls to learn similar content in less amount of overall time in subjects they are less interested in and in which they have lower perceptions of their own abilities (e.g., girls in math-intensive STEM subjects), this might even reinforce such less positive perceptions (e.g., Hübner et al., 2017b,2019). In addition, if the reforms differentially affect boys’ and girls’ STEM achievement this might also foster further disparities, for instance regarding students’ self-concept, as these variables are reciprocally related (e.g., Marsh and Craven, 2006; Arens et al., 2017; Wu et al., 2021).



School-Related Stress, Health, Gender, and School Time

Other variables that are important to consider in the context of an intensified learning environment include students’ perceived stress and health. These variables might be particularly relevant in the context of increasing instructional time because it is intended that students spend more time with learning in school, which might lead to reduced or even too little leisure time to recover (Milde-Busch et al., 2010; Hübner et al., 2017a). As outlined in prior research, mental health is also associated with student achievement (e.g., Tuominen-Soini and Salmela-Aro, 2014; Fiorilli et al., 2017). For instance, Agnafors et al. (2021) found that students with mental health problems in very early years more often performed below grade level later on. Another study by Fiorilli et al. (2017) suggests that students’ burnout is highly relevant for student achievement, both directly and indirectly. The importance of considering wellbeing as a foundation for students’ aspirations was underscored in a study by Widlund et al. (2018) of Finnish students. Depending on the age group, the authors were able to identify either three (Grade 7) or four (Grade 9) latent profiles based on students’ attainment and self-concept in mathematics, their engagement, and three burnout subscales. They found that students with negative academic wellbeing had statistically significantly lower aspirations compared to thriving students. Interestingly, they found that girls were overrepresented in the negative academic wellbeing profile, which is in line with prior findings on gender disparities in school burnout (Salmela-Aro and Tynkkynen, 2012).

Beyond these studies, further research has produced evidence suggesting that girls generally do develop higher stress levels, compared with boys (e.g., Hampel and Petermann, 2006; Moksnes et al., 2010). Studies that have focused on investigating school stressors found schoolwork pressure to partly explain psychological complaints and psychosomatic pain (Hjern et al., 2008), and girls reported higher levels of performance-related stress at school (Moksnes et al., 2010). Finally, prior research provides evidence that increasing learning time might lead to more stress-related health problems (e.g., Marcus et al., 2020). Related to this, Quis (2018) investigated gender-specific differences between G8- and G9-students on school-related stress and health among students at the end of upper secondary school. She found considerable differences in school-related stress and mental health before and after the reform, mainly driven by girls (health) or boys and girls (stress). However, uncertainty exists whether such effects result from increases on a majority of stress facets (e.g., feelings of exhaustion, achievement-related overburdening, or not being able to recover in leisure time), or particularly on specific facets and not others.




THE PRESENT STUDY

Based on our theoretical and empirical considerations above, three potential effects of the G8-reform on existing gender disparities in math-intensive STEM subjects can be derived, displayed in Figure 1. First, the “perpetuation” model would suggest no changes in disparities between boys and girls before and after the reform. This result pattern might be found, for instance, if the reform affected gender disparities in lower secondary school, where it was implemented, but these effects “washed out” by the end of upper secondary school, or if the reform-induced changes were too weak or equally affected boys and girls. Second, the “accumulated advantages and disadvantages” model would imply findings in the shape of the Matthew effect. This effect was first found by Merton (1968) and subsequently used by many researchers in educational, psychological and social scientific research to describe increasing disparities over time (e.g., for different ethnicities or students with different socio-economic backgrounds; e.g., Baumert et al., 2012). In the case of gender disparities, this effect would suggest that gender-specific advantages might increase (e.g., boys’ advantages over girls on achievement, self-concept, and task values in mathematics and physics), leading to overall widened disparities. Finally, the “compensation” model would imply that the disadvantaged group improves more over time, leading to smaller disparities after the reform. This effect would be found if girls benefit more from the reform, for instance because additional time is used to practice curricular content rather than to learn additional content (e.g., Hübner et al., 2017b).
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FIGURE 1. Hypothetical effects of the school time reform on gender disparities in math-intensive STEM subjects.


Most of the cited literature above provides evidence for the accumulated advantages and disadvantages model, whereby school time reforms might particularly benefit higher performing students (Nomi and Allensworth, 2009; Lavy, 2015; Huebener et al., 2017), which would, in our case, imply widening gender-specific disparities on math-intensive STEM outcomes. Regarding STEM subjects, it is also important to consider hours per week in G8 vs. G9. Doing this, we found minor differences in officially reported hours in lower secondary school. Despite this, prior studies reported differences in student achievement between G8 and G9 students (Huebener et al., 2017; Hübner et al., 2017a). In our view, these findings underscore that it is important to not only consider subject-specific instructional time in school, but time spent on school-related purposes as a whole (e.g., Scheerens, 2014). For instance, even if instructional time were comparable in STEM subjects in G8 and G9, the overall instructional time per week in lower secondary school in G8 increased, which had an impact on the amount of time at home and students’ leisure time (Milde-Busch et al., 2010; Hübner et al., 2017a). Time at home constitutes a quite important predictor for school performance, for instance because students’ school-related engagements with parents can contribute to their learning (Berkowitz et al., 2015), investing time in homework might improve student achievement (Rawson et al., 2017), and leisure time can be used for addressing specific learning gaps, preparing for exams outside from school, or to recover from school-related stress (Milde-Busch et al., 2010). Further, girls were found to invest more time at home for school-related purposes (Wagner et al., 2008), which might also explain potential differential effects of the G8-reform. From this perspective, even if instructional time in STEM subjects remains comparable, if students have to invest more time, on average, in formal schooling and have less time for self-paced learning, learning activities at home, or relaxation, this might have detrimental effects on their achievement and wellbeing.

As outlined above, disparities between boys and girls were inconsistent and small at most in mathematics achievement, substantially larger in math self-concept and non-existent in science (Watt, 2004; Else-Quest et al., 2010; Watt et al., 2012;OECD, 2019). Based on this, we expect zero or very small effects on math or math-intensive STEM achievement, larger effects on math-intensive STEM self-concept and interest, but null effects for biology. Regarding stress and health, it seems reasonable to believe that the reform might be perceived as more demanding by girls compared to boys, which might produce larger differences between boys and girls after the reform. As girls report higher levels of burnout and stress than boys (e.g., Salmela-Aro and Tynkkynen, 2012; Widlund et al., 2018), increasing demands of the learning environment might particularly be harmful for them. Prior research has (on average) found larger disparities between boys’ and girls’ school-related stress levels after the reform (Quis, 2018), but has not yet explored whether average differences might mask differences on specific stress facets but not others. We will extend findings based on unidimensional models to obtain a nuanced understanding of gender-specific reform effects on different dimensions of stress and health.



MATERIALS AND METHODS


Description of the Study and Sample

We used data from the Additional Study Baden-Württemberg (Blossfeld et al., 2011) from the National Educational Panel Study (NEPS; Scientific Use File 3.2.0). The dataset contains representative data for Baden-Württemberg, assessed from four different cohorts in the final semester of upper secondary school. Two cohorts completed German lower secondary school before the reform and two completed it after the reform. We compared outcomes of these cohorts assessed at the end of upper secondary school (G9: Grade 13 or G8: Grade 12). This design is typically referred to as a cohort control design (Shadish et al., 2002). Overall, students from 44 high track upper secondary schools participated in the study: Cohort 1 (before the reform): n = 1,226 (55% girls); Cohort 2 (before the reform): n = 1,179 (55% girls); Cohort 3 (after the reform): n = 1,205 (56% girls); Cohort 4 (after the reform): n = 1,208 (55% girls). Before the reform, students graduated after 9 years of high track upper secondary school, whereas after the reform students graduated after 8 years. The first cohort of students graduated in 2011, the second (Grade 13) and third (Grade 12) in 2012, and the fourth in 2013. Notably, in Baden-Württemberg, Grade 11 was abolished to implement the G8-reform (Kühn et al., 2013). Data were collected in the final semester of the last year of upper secondary school. Students in Germany are required to spend at least 265 h per week each year in school. This means that G9 students are required to spend on average 265/9 = 29.44 h per week each year in school, whereas G8 students are required to spend 265/8 = 33.13 years per week each year in school, reflecting a difference of 3.69 additional hours that students in G8 are required to spend per week in school. Overall, cumulated mandatory hours were 11 h higher for G8 students from grade 5 to grade 6, and 16 h higher for G8 students from grade 7 to grade 10 in Baden-Württemberg (Homuth, 2017).



Instruments

In all cohorts, identical instruments were administered to assess subject-specific standardized achievement, self-concept, and interest in the subjects mathematics, biology and physics, as well as to assess school-related stress and health. The questionnaire is available in the NEPS data center1.


Standardized Test Performance

Comprehensive information on these tests and different quality indicators can be found in the scaling reports of the National Educational Panel Study (Duchhardt, 2015; Hübner et al., 2016a,b). The mathematics test was based on 20 items from the four areas of quantity, space/shape, change/relationships, and data/chance (Duchhardt, 2015). The biology test consisted of 60 items from the areas of cytology/anatomy/metabolism, information processing/characteristics/immunology, genetics/development biology, ecology, and systematics/evolution (Hübner et al., 2016a). Finally, physics achievement was assessed using 41 items from nine different areas, for instance electrical fields and interdependency, waves, and optics (Hübner et al., 2016b). In our sample, the reliability of the weighted likelihood estimator (WLE; Adams, 2005) was Rel. = 0.70 for the math test, Rel. = 0.61 for the physics test, and Rel. = 0.73 for the biology test. As outlined below, latent variable models were specified to adequately address their measurement error.



Subject-Specific Self-Concept

Subject-specific self-concept was assessed using four items from the translated Self-Description Questionnaire III (Marsh and O’Neill, 1984) for each of the subjects mathematics, biology and physics. For example, students were asked to rate their agreement to: “I have never done well in mathematics” or “I am good at mathematics” on a 4-point rating scale from 1 (does not apply at all) to 4 (completely applies). Negatively formulated items were reverse coded. Cronbach’s α for students’ self-concept was α = 0.94 for mathematics, α = 0.91 for biology, and α = 0.94 for physics.



Subject-Specific Interest

Subject-specific interest was assessed using four items based on the expectancy-value framework (Eccles, 1983; Eccles and Wigfield, 2002) for each of the subjects mathematics, biology, and physics. Items were comparable to those from prior German large-scale studies (Trautwein et al., 2006, 2010). For instance, students were asked to rate their agreement to: “It is important for me personally to be good at mathematics” or “Math is just exciting for me” on a 4-point rating scale from 1 (does not apply at all) to 4 (completely applies). Negatively formulated items were reverse coded. Cronbach’s α for students’ interest was α = 0.82 for mathematics, α = 0.87 for biology, and α = 0.90 for physics.



School-Related Stress

School-related stress was assessed using 15 items (Hübner et al., 2017a). Example items are: “Sometimes I have trouble falling asleep because problems from school are on my mind,” “Even during my free time I think about troubles at school,” or “Pressure at school is too high” (see Supplementary Table 1 for a full list of items). Students were asked to answer these items on a 4-point rating scale ranging from 1 (completely disagree) to 4 (completely agree). The stress scale constitutes an instrument which was developed by the NEPS (including internal review cycles), which has a specific focus on school-related stress. Both instruments were also administered in the NEPS Thuringia study (Blossfeld et al., 2011). Negatively formulated items were reverse coded. Reliability of the scale was high (Cronbach’s α = 0.91).



Health

Students’ health was measured by asking them to rate how often they experienced 26 different health problems on a rating scale from 1 (never) to 4 (more than 6 times during the last 6 weeks), respectively (Bergmüller, 2007). Among others, health problems such as “headaches,” “sleep disturbances,” “vomiting,” or “feelings of inner emptiness” were assessed (see Supplementary Table 2 for a full list of items). There are further studies, which administered comparable health items, particularly in the field of medical science (e.g., Milde-Busch et al., 2010), but also beyond (Bergmüller, 2007). The health scale was administered in prior cycles of the PISA study (Bergmüller, 2003). Reliability of the scale was high (Cronbach’s α = 0.92).

In examining these outcomes, we controlled for a variety of covariates in the adjusted models. These were immigration background (i.e., students with at least one parent born abroad), number of available books at home, highest international socioeconomic index in the family (HISEI), non-verbal cognitive skills (i.e., perceptual speed and reasoning; Haberkorn and Pohl, 2013), and whether students had repeated a class. In addition, we controlled for the course level (advanced, basic, or de-selection) when investigating differential effects on standardized test performance. An overview on course enrollment by gender and subject is given in Supplementary Table 5. Notably, there were no gender differences in math enrollment, as all students are mandated by law to enroll in advanced mathematics courses (4 h per week), whereas differences were most visible in physics, where only 8.7% of girls were enrolled in advanced courses, compared to 29.9% of boys.




Statistical Analysis

The main analysis proceeded in two steps. First, we estimated multiple-group models for the eight different groups (4 cohorts × gender) in Mplus 8.6 (Muthén and Muthén, 1998–2017). We did this separately for standardized test achievement, self-concept, interest, school-related stress, and health. For achievement, we used multidimensional (multiple-group) item response theory (IRT) models (see Jöreskog and Goldberger, 1975; Hübner et al., 2020). For the remaining constructs traditional structural equation models (SEMs) were applied. Prior work offered clear guidance on how to define measurement models for the achievement measures, self-concept, and interest (e.g., Marsh, 1992; Eccles and Wigfield, 2002; Duchhardt, 2015; Hübner et al., 2016a); this was not the case for the instruments used to assess students’ stress and health which were typically analyzed as a single aggregate score and not with multidimensional models (e.g., Bergmüller, 2003; Hübner et al., 2017a; Quis, 2018). In this study, we utilized a data-driven procedure to explore the underlying factor structure of stress and health items using exploratory structural equation models (ESEMs). As outlined by Marsh et al. (2014), ESEMs combine useful features of exploratory and confirmatory factor analysis (EFA/CFA) such as confirmatory tests of factor structures and associations between different latent factors, and they allow small cross-loadings. For school-related stress and health we performed ESEMs with geomin rotated factor loadings in a multiple group framework. To identify the most adequate solution, we first specified different (single-group) ESEM models with an increasing number of latent factors, before running ESEMs in a multiple group framework with the eight groups (gender × cohort). Models were constrained to test strong factorial/scalar measurement invariance, which is required to meaningfully compare latent means across groups. To judge model fit, we considered the Comparative Fit index (CFI), the Tucker-Lewis index (TLI), the Root Mean Square Error of Approximation (RMSEA), and the Standardized Root Mean Square Residual (SRMR). Based on prior research (MacCallum et al., 1996; Hu and Bentler, 1999; Yu, 2002), we considered the following cutoffs to indicate good model fit: CFI and TLI ≥ 0.95, SRMR and RMSEA ≤ 0.05.

Using these models, we compared the means or—for models with covariates—intercepts of the latent outcomes between the resulting groups using the delta method (Oehlert, 1992) by applying the MODEL CONSTRAINT option in Mplus. Statistically significant differences between the specific group differences constitute interaction effects. We estimated (a) gender differences in G9 cohorts and (b) gender differences in G8 cohorts, and one interaction effect: (c) the difference between a and b (reform × gender). We specified unadjusted models without covariates and adjusted models including covariates (e.g., cognitive abilities, socioeconomic background; see “Instrument” section) to check the robustness of our results. To better interpret our findings, results were transformed into a metric with an overall M = 500 and SD = 100 for achievement and to a metric with an overall M = 50 and SD = 10 for the remaining constructs, using the pooled variance of the latent variables from the unadjusted models. For consistency, we report two-sided p-values throughout, although prior studies suggest a directional hypothesis for stress, health, and math-intensive STEM self-concept in disadvantage of girls. We therefore interpret one-sided p-values to judge statistical significance for those constructs (one-sided p-value = two-sided p-value/2). For all other outcomes, no consistent directional hypothesis could be derived from the literature. All models were specified using full information maximum likelihood estimation (FIML; Enders, 2010), robust standard errors (McNeish et al., 2017), and survey weights.




RESULTS


Preliminary Analysis

First, we inspected descriptive statistics. As shown in Table 1, overall, differences between the two cohorts were small. Only with regard to perceptual speed, students in G9 scored slightly higher. Further, students in G8 repeated classes slightly less often than students in G9. This resulted from a generally low repetition rate due to a specific feature of the reform implementation: If students from the last G9 cohort were required to repeat a grade, they had to move from, for instance, the end of grade 10 to the beginning of grade 9, because the respective grade 10 cohort in G8 would have already been ahead of the grade 10 in G9, which the student should repeat (due to the additional hours per week in lower secondary school). These differences were controlled for in the adjusted models as outlined below.


TABLE 1. Descriptive statistics on central covariates before and after the reform.

[image: Table 1]


Gender-Specific Differences Before and After the Reform

Next, we inspected gender-specific differences. As visible from Table 2, we found substantial differences between girls and boys, both before and after the reform.


TABLE 2. Unadjusted gender-disparities before and after the reform on standardized test performance, subject-specific self-concept and interest, and school-related stress and health.

[image: Table 2]

Standardized Test Performance

Regarding standardized test performance, boys were found to score statistically significantly higher than girls before the reform in biology (b = 18.84, p = 0.001), in mathematics (b = 79.23, p < 0.001), and in physics (b = 91.85, p < 0.001). Differences were smaller in biology and substantially larger in mathematics and physics, and these differences remained equally pronounced after the reform. After the reform, the respective differences amounted to b = 18.61 (p = 0.003) in biology, b = 70.60 in mathematics (p < 0.001), and b = 92.64 points (p < 0.001) in physics. Notably, differences between gender disparities from before and after the reform (i.e., the gender × reform interaction effect) were not statistically significant for any standardized test performance. This coefficient amounted to Δb = 0.23 points (p = 0.975) in biology, Δb = 8.63 (p = 0.254) in mathematics, and Δb = −0.79 (p = 0.915) in physics. These results suggest that differences between girls and boys were generally large on these standardized test outcomes before the reform and remained comparably large after the reform, consistent with the perpetuation model (see Figure 1).



Subject-Specific Self-Concept

With regard to subject-specific self-concept, we found a slightly different picture. Here, no statistically significant differences between boys and girls were found for biology, before (b = 0.00, p = 0.999) or after the reform (b = −0.07, p = 0.870). Regarding mathematics, girls and boys differed statistically significantly before the reform (b = 4.06, p < 0.001) and after the reform (b = 4.82, p < 0.001), with boys having higher self-concept scores. The differences in gender disparities before vs. after the reform did not reach statistical significance (Δb = −0.76, p = 0.231). Finally, regarding physics, a similar picture as in mathematics emerged. Boys had higher scores before (b = 6.55, p < 0.001) and after (b = 7.02, p < 0.001) the reform, and these differences did not change (Δb = −0.47, p = 0.488).



Subject-Specific Interest

Next, we had a closer look at the results for subject-specific interest. The results were fairly similar to those for subject-specific self-concept, however, gender differences were less pronounced in mathematics. Here differences amounted to 1.89 points (p = 0.001) before the reform and 2.76 points after the reform (p < 0.001). The reform × gender interaction effect did not reach statistical significance (Δb = −0.87, p = 0.268). In summary, the results for achievement test performance, subject-specific self-concept, and subject-specific interest provided evidence in support of the perpetuation model.



School-Related Stress

Subsequently, we investigated potential differences for school-related stress. To do this, we first fitted a series of ESEM models with an increasing number of latent factors. The solution to first reach adequate model fit (CFI and TLI ≥ 0.95 and RMSEA and SRMR ≤ 0.05) was a model with six factors; however, one factor had substantial loadings only on the (reverse-coded) negatively worded items, while the loadings of these items on all other factors were small (all ≤ 0.06 for t5m and ≤ 0.02 for t5n). Also considering findings from prior studies on challenges of considering negatively worded items of instruments (e.g., DiStefano and Motl, 2006; van Sonderen et al., 2013; Zhang et al., 2016), we decided to drop the two reverse-scored items, which resulted in a more parsimonious five-factor multiple group model [unadjusted model: χ2(520) = 833.378, p < 0.001, CFI = 0.99, TLI = 0.98, RMSEA = 0.03, SRMR = 0.03]. From a substantive perspective, this model was comparable to the model with six factors but did not include the factor for the negatively worded items. As a robustness check, we also specified a model in which we predicted the previously dropped (reverse coded) items t5n and t5m by the five factors, a reform dummy variable, gender, and the interaction term reform × gender. Our findings showed that, after conditioning on the five factors, none of the remaining variables was statistically significantly associated with the t5n or t5m variable. Therefore, it seems unlikely that dropping the two negatively worded items had a substantial impact on our main research question. The five factors were given names based on their loading patterns (see Supplementary Table 3): (1) Difficulties to relax, (2) Exhaustion, (3) Overload, (4) Malaise, and (5) Alignment issues. As is visible in Table 2, we found statistically significant differences between boys and girls on all factors in G9 (all ps ≤ 0.005) and on all factors besides Malaise (p = 0.171) in G8 (all ps < 0.001). Whereas these differences generally suggested higher stress levels for girls on four of five factors (Difficulties to relax, Exhaustion, Overload, and Alignment issues), boys in G9 reported having more issues on the Malaise factor. Finally, we found a statistically significant gender × reform interaction effect on the Overload factor (Δb = 1.61, p = 0.027). This factor had its highest loadings on items such as “Pressure at school is too high” or “I consider the requirements at school in general as stressful.” The interaction effect indicated that the difference between boys and girls on this factor was larger in G8 than G9. Further explorations revealed that it was strongly driven by larger overload stress levels for girls in G8 vs. G9 (Δb = 5.21, p < 0.001), compared to boys (Δb = 3.60, p < 0.001).



Health

For health, we found an ESEM model with six factors to reach the cutoff values for model fit as outlined above [unadjusted model: χ2(2,452) = 4,041.463, p < 0.001, CFI = 0.95, TLI = 0.95, RMSEA = 0.03, SRMR = 0.04]. The six factors were given names based on their loading patterns (see Supplementary Table 4): (1) Overburdening, (2) Achievement-related fear, (3) Diverse symptoms, (4) Uneasiness, (5) Depressive symptoms, and (6) Gastrointestinal issues. The results pointed in the same direction as for stress: Girls tended to have statistically significantly more health issues on all six health factors, although the difference on the Uneasiness factor between boys and girls in G9 and G8 cohorts was not statistically significant (see Table 2). The largest difference was found on the Diverse symptoms factor, which had as its three highest loadings the indicators “Headaches,” “Bad dreams,” and “Stomach ache” (G9: b = −13.05, p < 0.001; G8: b = −14.08, p < 0.001).

For health, we found two statistically significant gender × reform interaction effects on the factors Overburdening (highest loadings for “Difficulty concentrating,” “Tiredness, fatigue,” and “Easily irritable”) and Achievement-related fear (“Feeling that excessive demands are being made of me,” “Fear of going to school,” “Fear that it’s all getting too much”). For Overburdening, this interaction effect amounted to Δb = 1.32 (p = 0.076 [pone–sided = 0.038]), whereas for Achievement-related fear, it amounted to Δb = 1.69 (p = 0.008). The interaction effect for Achievement-related fear is displayed in Figure 2, which increased more for girls than boys following the reform.


[image: image]

FIGURE 2. Gender-specific interaction effect for achievement-related fear. Based on findings reported in Table 3. ***p < 0.001. **p < 0.01.



TABLE 3. Adjusted gender-disparities before and after the reform on standardized test performance, subject-specific self-concept and interest, and school-related stress and health.
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Finally, we compared results from the unadjusted and adjusted models (see Table 3), in which we controlled for further covariates such as cognitive abilities and socioeconomic background. Overall, we did not find substantial differences between the two solutions, in terms of statistical significance or the direction or size of coefficients (see Tables 2, 3). Our results for achievement, self-concept, and interest provide tentative evidence in line with the perpetuation model, whereas our findings for stress and health are more in line with the accumulated advantages/disadvantages model (see Figure 1).





DISCUSSION

In this study, we investigated the effects of the G8-reform on gender disparities in STEM achievement, self-concept, and interest, as well as school-related stress and health. To do this, we compared data of four successive student cohorts, two from before the reform and two from afterward. Specifically, the reform changed the overall school time of high track secondary schools from 9 to 8 years, which was compensated for by increasing average instruction time per week in lower secondary school (Grades 5–10 in Germany).

Taken as a whole, this study has brought to light several important findings. First of all, we found substantial gender disparities in favor of boys at the end of upper secondary school on the respective STEM outcomes. Disparities were pronounced regarding the achievement in mathematics and physics and substantially smaller in biology (e.g., only 1/4 of the size of mathematics achievement). This is an important finding and underscores that gender-related disparities reported in prominent large-scale studies of students in Grade 9 might not reflect actual disparities at the end of upper secondary school in Germany, a key stage in the education system, right before students enroll in university. It also reflects previously articulated heterogeneity in disparities across countries (OECD, 2019; Parker et al., 2020) and underlines the importance of more closely considering disparities at different time points in the education system in future studies.

Second, our findings show that a unidimensional perspective on school-related stress and health masks result patterns that appeared when investigating the constructs at a more fine-grained level of underlying dimensions. A five-factor multiple group ESEM model constituted multidimensional school-related stress, and a six-factor model constituted health. Although the patterns were more or less consistent and in disadvantage of girls, there were exceptions, for instance regarding the Malaise aspect of school-related stress where we found disadvantages for boys, and on the Uneasiness aspect of health where we found no statistically significant differences.

Finally, and most important in the context of this study, the gender disparities evident before the reform seemed to perpetuate after the reform for STEM-related standardized test performance, self-concept, and interest. For school-related stress and health we found some statistically significant gender × reform interaction effects more in line with an accumulated advantages/disadvantages model (see Figure 1; i.e., on the Overload dimension of stress, and the Overburdening and Achievement-related fear dimensions of health). This suggests that although both girls and boys reported substantially higher stress levels and lower health after the reform, the increase or decrease, respectively, was somewhat larger for girls than boys, at least on some stress and health facets.


Gender Disparities and the School Time Reform

As outlined above, we found large disparities between girls and boys at the end of upper secondary school on STEM-related outcomes. In most cases, these disparities followed stereotypical patterns: Overall, girls performed less well on standardized tests in math-intensive STEM subjects. In addition, girls reported lower self-concept and interest than boys in mathematics and physics, whereas there were no significant gender-related disparities in biology. When integrating our findings into the theoretical model (see Figure 1), we can summarize that in most cases we found evidence for the perpetuation model. Disparities before the reform on the respective outcomes were pronounced, and these differences did not change much after the reform. Our findings extend prior findings in three regards: They are based on a later period in the education system (end of upper secondary school, right before the transition to university), a broadened set of outcomes, and a more fine-grained investigation of school-related stress and health.

As we outlined in the theoretical background, several prior studies had suggested treatment effect heterogeneity for high and low achievers (e.g., Nomi and Allensworth, 2009; Lavy, 2015; Huebener et al., 2017), which is why we expected we would find a pattern of results in line with the accumulated advantages model (Figure 1) for STEM outcomes. However, aside from few stress and health facets, we did not find any changes when comparing gender disparities before and after the reform. This might have had different causes—for instance, students in our sample were older at the end of secondary school, compared with students in the reviewed studies. Therefore, our sample might constitute a positive selection of higher performing students as some lower performing students might have dropped out before or in early upper secondary school or might have switched to vocational upper secondary schools, where this reform was not implemented. This might have led to smaller gender differences in upper secondary school than before, in lower secondary school. Further, the major changes of the G8-reform happened in lower secondary school, whereas upper secondary school remained largely unaffected. Therefore, potential interaction effects on STEM outcomes might already have “washed out” by the end of upper secondary school. Most importantly, when comparing differences between G8 and G9 students’ average weekly hours spent in STEM courses, we found negligible differences. This means, that changes in subject-specific instructional time might have been a too small and a central factor for why we did not find any differences on STEM related outcomes. However, this would not explain previously found reform-specific differences between G8 and G9 students for instance in Biology (Hübner et al., 2017a).

In contrast to perpetuating disparities on STEM outcomes after the reform, our study revealed some statistically significant interaction effects on school-related stress and health. Importantly, both girls and boys tended to report more school-related stress and health issues after the reform. However, we did not find interaction effects on all stress and health dimensions, but only on those more related to school, namely the Overload dimension of school-related stress, and the Overburdening and Achievement-related fear dimensions of health. Compared to the perpetuating subject-specific results outlined above, these findings are slightly more in line with the proposed accumulated (dis)advantages model: On average, all students (girls and boys) tended to report higher stress/poorer health after the reform, but particularly those students who were more stressed/had lower health scores before the reform seemed to experience higher school-related stress and poorer health afterward, at least on stress and health facets more closely related to school. These results are in line with prior findings that girls report lower wellbeing scores than boys (e.g., Moksnes et al., 2010; Salmela-Aro and Tynkkynen, 2012; Tuominen-Soini and Salmela-Aro, 2014) and reflect findings from prior studies that students might perceive the remaining leisure time to be too limited to recover from school-related stress (Milde-Busch et al., 2010). The higher average workload per week in lower secondary school as a result of the G8-reform might have been one driver of the unevenly higher stress for girls after the reform. Other potentially relevant stressors than the higher workload could have included longer school days, the abolishment of Grade 11, or completing the same curriculum in a shorter amount of time. However, we cannot trace back which stressors might have ultimately fostered these results, as all of these potential causes are perfectly confounded with the reform (i.e., all changes happened simultaneously), we cannot disentangle their effects.



Limitations

There are several limitations that are important to consider when interpreting the results of this study. These limitations include potential threats to internal and external validity. Regarding internal validity, it is important to consider that we used data from a cohort control design, whereby two representative cohorts of students from before the reform were compared with two representative cohorts of students after the reform. Although this cohort control design has been discussed as providing a good foundation for the investigation of intervention effects, as it resembles a natural experiment setting (Shadish et al., 2002), it might be possible that the cohorts already differed independent of the reform (e.g., due to historical events). In other words, we did not have a control group who did not receive the treatment at the same time that the students in the treatment group received the treatment (a difference in difference design; e.g., Cunningham, 2021). This of course provides a challenge for all research using reform data because reforms are typically implemented at the same time for all students in a specific state. Therefore, researchers are typically required to consider students from different states or cohorts within the same state (before the reform) as control groups, which in turn introduces different challenges and assumptions, particularly regarding their comparability. To address this potential limitation, we used survey weights to assure representativeness of the different cohorts. Notably, response rates on all assessments were 90% or larger at the student level (e.g., IEA, 2013). In addition, we inspected potential differences between the cohorts and specified adjusted models, in which we controlled for important (presumably relatively time-stable) covariates. All those checks suggested that if selection bias was present in our study, it should have been small at most (e.g., Hübner et al., 2017a).

Furthermore, it is important to underline that our findings are based on self-reports and that we did not have more objective markers to assess stress and health, for instance using data from health insurance agencies, medication records, or cortisol measures. Therefore, it cannot be ruled out that students, at least in part, also reported feeling more stressed because of ongoing discussions with their parents, friends from G9 cohorts, or the media. However, even if part of this effect could have been explained by these aspects, the remaining differences would have still remained of practical significance (e.g., Milde-Busch et al., 2010; Hübner et al., 2017a; Quis, 2018).

Regarding external validity, it is important to keep in mind that we considered representative data of one specific reform in one specific German state (Baden-Württemberg). Therefore, the findings should be generalized cautiously to discussions about effects of changes in instructional time. Most importantly, as shown in prior studies (Else-Quest et al., 2010; OECD, 2019), results on gender-related disparities are very heterogenous in STEM subjects across countries. The authors argue that one of the main drivers of gender differences are differential opportunity structures (e.g., equity in school enrollment). Based on this, it remains to be shown if our findings can be generalized to other countries where gender disparities are less or even more strongly pronounced, compared to Germany. However, doing this would require similar reforms to be implemented in other countries, which we are not aware of, even after consulting a large reform database (OECD, 2015). This also becomes evident when inspecting further related literature. Among others, findings on this topic are based on quite heterogeneous reforms (e.g., Allensworth et al., 2009; Domina et al., 2015; Huebener et al., 2017; Marcus et al., 2020), based on randomized controlled trials (e.g., Meyer and van Klaveren, 2013; Andersen et al., 2016) or cross-sectional secondary data analysis (e.g., Lavy, 2015). Before generalizing results from our study to the general debate about learning time or other environments (e.g., other states or reforms), researchers and practitioners should carefully consider potential similarities and differences.

Finally, the major change implemented by the G8-reform constitutes a school time compression, which was implemented by increasing average time per week spent in lower secondary school (Homuth, 2017). However, beyond these changes, other different elements changed simultaneously with the introduction of the G8-reform, for instance, educational standards were introduced and schools were required to develop a school-specific curriculum (Hübner et al., 2017a). Therefore, although the instructional time change is probably the most dominant feature of the reform, we cannot rule out that other changes might have affected our findings. Results of our study should therefore be interpreted cautiously as reform effects (e.g., a combination of different changes happening at the same time) rather than as pure effects of a change in instructional time.




CONCLUSION

In this study, we investigated the gender-specific effects of an instructional school time reform on student achievement and motivation in STEM subjects, as well as on school-related stress and health. For most outcomes, we found substantial gender disparities favoring boys (e.g., in mathematics and physics), which did not intensify after the reform, but rather seemed to perpetuate. In contrast to subject-specific effects, significant gender × reform interaction effects were only evident on aspects of school-related stress and health, namely the Overload dimension of stress and the Overburdening and Achievement-related fear dimensions of health. From a more general standpoint our findings underscore the relevance of explicitly considering gender disparities when developing, implementing, and evaluating policy reforms.
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Gender inequalities are still persistent despite the growing policy efforts to combat them. Sexism, which is an evaluative tendency leading to different treatment of people based on their sex and to denigration (hostile sexism) or enhancement (benevolent sexism) of certain dispositions as gendered attributes, plays a significant role in strengthening these social inequalities. As it happens with many other attitudes, sexism is mainly transmitted by influencing parental styles and socialization practices. This study focused on the association between parents' hostile and benevolent sexism toward women and their socialization values (specifically, conservation and self-transcendence), that are the values parents would like their children to endorse. We took both parents' and children's sex into account in the analyses. One-hundred-sixty-five Italian parental couples with young adult children participated in the study. Parents, both the mother and the father, individually filled in a self-report questionnaire composed of the Ambivalent Sexism Inventory and the Portrait Values Questionnaire. Findings showed that mothers' benevolent sexism was positively related to their desire to transmit conservation values to their sons and daughters. This result was also found for fathers, but with a moderation effect of children's sex. Indeed, the positive relationship between fathers' benevolent sexism and conservation was stronger in the case of sons than of daughters. Moreover, fathers' benevolent sexism was positively associated with self-transcendence values. Finally, fathers' hostile sexism was positively associated with conservation and negatively with self-transcendence. Limitations of the study, future research developments, and practical implications of the results are discussed.

Keywords: gender prejudice, hostile sexism, benevolent sexism, parents, socialization values


INTRODUCTION

Despite growing policy efforts designed to foster gender equality, culturally rooted and persistent inequalities are still around, and gender prejudice and sexism are thought to contribute significantly to this (Vandenbossche et al., 2018). Generally speaking, sexism is a form of prejudice and discrimination based on stereotypical beliefs about sex or gender (Dovidio et al., 2008). In their Ambivalent Sexism Theory, Glick and Fiske (1996) innovatively considered sexism as a multidimensional construct composed of two sets of sexist attitudes, namely hostile and benevolent sexism. Both the forms of sexism fuel the subordination of women to men, although they deeply differ in their expression (Mastari et al., 2019). Hostile sexism refers to the traditional conceptualization of sexism as a reflection of hostility against women. Men are perceived as dominant over women, and the women who do not respect the conventional gender roles represent a potential threat to social order and men's power. Benevolent sexism, instead, is expressed in a seemingly positive and more subtle way. Women are paternalistically seen as loving but fragile individuals and therefore need men's protection and support. This protection is granted in exchange for women's respect of traditional gender roles (Glick and Fiske, 2001).

From childhood to young adulthood, parents play a key role in their children's development of gender-role attitudes and stereotypes (e.g., Halpern and Perry-Jenkins, 2016). Nevertheless, only a few empirical studies deal with hostile and benevolent sexism within the family. In general, the higher is parents' sexism, the stronger are their expectations that children behave in line with gender stereotypes. As a matter of fact, Garaigordobil and Aliri (2011) found a direct relationship between parents' hostile and benevolent sexist attitudes and their adolescent children's sexist attitudes, thus suggesting an intergenerational transmission of them (see also Montañés et al., 2012). The strength of this connection varied according to parents' and adolescents' sex, being higher between the mothers' and daughters' sexism and between the fathers' and sons' sexism. Effectively, parenting practices tend to reinforce gender-typed behaviors mainly, but not exclusively, within the same-sex parent-child dyads (e.g., Grusec and Goodnow, 1994; Lund et al., 2002). Lipowska et al. (2016), in their research concerning parental attitudes of couples with young children, showed the association between parents' sexism and parenting styles. The authors reported that fathers' sexism (both hostile and benevolent) was positively associated with inconsequence attitudes (i.e., unpredictable parenting behavior, mainly depending on parents' current mood) toward sons. In the case of daughters, fathers' hostile sexism supported overprotective attitudes, while the benevolent one was positively related to promoting autonomy. On the other side, mothers' benevolent sexism was negatively associated with overprotective and demanding attitudes toward sons, but not toward daughters. From Garaigordobil and Aliri (2012), which involved parental couples of adolescents, it turned out that parents' indulgent style (i.e., high involvement and low imposition) had the strongest relationship with a low level of adolescents' sexism (regardless of adolescents' sex).

Parents' socialization values are at the core of parenting styles and practices (e.g., Grusec and Goodnow, 1994; Kikas et al., 2014). Socialization values are the values parents would like their children to endorse (Barni et al., 2017), and they guide parents in raising and socializing their children both in the short-term (i.e., what values parents pursue for their children in the present) and in a long-term perspective (i.e., what values parents would like to see in their children in adulthood) (Lasker and Lasker, 1991; Tulviste et al., 2012). Previous studies mainly relied on Schwartz's Theory of basic human values (Schwartz, 1992, 2012) and showed that parents (both mothers and fathers) would like their sons and daughters to give importance to conservation values (i.e., tradition, conformity, and security) and self-transcendence values (i.e., benevolence and universalism) (Ranieri and Barni, 2012; Barni et al., 2017). Conservation and self-transcendence are both conceptualized as social-focused values because they mainly regulate the way people are socially related to others, relying on a principle of cooperation. However, they significantly differ from each other. On the one side, conservation values are self-protective values because they comply with the need to avoid conflicts, unpredictability, and changes. On the other side, self-transcendence values adhere to the need for relatedness, emphasizing the concern for the welfare of others and underlying self-expansive motivations (Schwartz, 2012; Russo et al., 2021).


The Present Study

Despite the relevance of both parents' sexism and socialization values in children's education and development, to the best of our knowledge, until now no studies have examined the association between them. This study aims to overcome this gap by analyzing the moderation effect of child's sex on the relation between parental sexism (i.e., hostile and benevolent sexism toward women) and the social-focused values (i.e., conservation and self-transcendence) parents would like to transmit to their young adult children.

The study involved Italian mothers and fathers. Italy is far from reaching satisfactory results in gender equality, despite relevant progress under the pressure of women's rights movements, civil society, and local and European legislation (Rosselli, 2014). In Italy, more and more young adults live with their parents for a long time. Young adulthood is an understudied stage of life concerning sexist socialization experiences, even though an increasing number of psychological studies have reported the important role of sexism in young romantic couples' birth, dynamics, and wellbeing (Lachance-Grzela et al., 2021).

We expected to find significant associations between parents' sexism and socialization values. In particular, we hypothesized that both hostile and benevolent sexism was positively associated with conservation values, which emphasize the importance of traditions and preservation of the status quo (Schwartz, 1992). On the contrary, we could hypothesize a negative relation between hostile sexism and self-transcendence values, emphasizing the importance of benevolence, gender equality, and social justice. It is, instead, not possible to make a sound hypothesis about the relation between benevolent sexism and self-transcendence. This is because, on the one side, benevolent sexism contributes to gender inequality and, on the other side, it promotes helping behaviors and intimate relationships. Moreover, given the absence of previous research on the topic, we did not formulate any specific hypotheses about the influence of parents' and children's sex on these associations.




METHOD


Participants and Procedure

One-hundred-sixty-five Italian married couples (mothers: Mage = 50.85, SD = 4.51; fathers: Mage = 53.98, SD = 5.47) with at least one young adult (Mage = 22.87, SD = 2.32) son (34.8%) or daughter (65.2%)1 participated in the study, for a total of 330 participants. The couples were married for an average of 26.96 years (SD = 4.98) and lived in the North of Italy.

Parents were recruited through the collaboration of the universities attended by their young adult children. After being informed about the study nature and participants' rights, the parents who agreed to participate received two versions of an anonymous self-report questionnaire, one for the mother and one for the father. They completed them at home with the opportunity to phone researchers if any help was needed.



Measures


Sexism

The Ambivalent Sexism Inventory (Glick and Fiske, 1996, Italian adaptation by Manganelli Rattazzi et al., 2008) was used to measure parents' sexist attitudes. The scale is composed of 22 items on a 6-points Likert scale (0 = “Completely disagree”; 5 = “Completely agree”) set into hostile sexism (item examples: “Women get offended too easily,” “Most women fail to appreciate fully all that men do for them”; αmother = 0.86; αfather= 0.88) and benevolent sexism (item examples: “Women have a superior moral sensibility,” “Women should be cherished and protected by men”; αmother = 0.81; αfather = 0.78).



Socialization Values

The subscales of conservation and self-transcendence values were extracted from the Portrait Values Questionaire (Schwartz et al., 2001) and adapted to measure parents' socialization values (Barni et al., 2017). Conservation includes 13 verbal portraits describing a person's goals, aspirations, or wishes that implicitly point to the importance of a value (item example: “She/he believes that people should do what they are told. She/he is convinced that people should always follow the rules, even when no one is checking”; αmother = 0.85; αfather = 0.84). Self-transcendence includes 10 verbal portraits (item example: “It is very important for her/him to help the people around her/him. She/he aspires to take care of their wellbeing”; αmother = 0.84; αfather = 0.86). Parents were asked to indicate their responses to the question: “How would you want your child to respond to each item?” on a 6-points Likert scale (1 = “Not like her/him” at all; 6 = “Very much like her/him”).




Data Analysis

Preliminarily, we performed descriptive statistics of the study's variables and correlations between them. Then, we estimated four multiple hierarchical regression models to test the moderation effect of child's sex on the relations between mothers' and fathers' sexist attitudes and their socialization values. In the first two regression models, the outcome variables were mothers' conservation and self-transcendence, respectively. In the third and fourth models, the outcome variables were fathers' conservation and self-transcendence, respectively. In all the models, the independent variables were: children's age (Step 1), children's sex (1 = sons, 2 = daughters), parents' benevolent and hostile sexism (Step 2), and the interaction terms between parents' sexism and children's sex (Step 3). Before calculating the interaction terms, the single scores of continuous variables were centered on their means to reduce the risk of collinearity (Aiken and West, 1991).

The analyses were run using SPSS v.21.0 (George and Mallery, 2013) and Interaction! (Soper, 2010).




RESULTS

In Table 1 descriptive statistics and correlations between the study's variables are reported.


Table 1. Descriptive statistics and correlations.
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Table 2 shows the results of the two hierarchical regression models referred to mothers' variables.


Table 2. Hierarchical multiple regression models with mothers' variables.
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Only the association between mothers' benevolent sexism and conservation was statistically significant: the more mothers endorsed benevolent sexism, the more they wanted their sons and daughters to give importance to values such as tradition, conformity, and security. Children's sex did not moderate any associations between mothers' sexism and socialization values.

Table 3 contains the results of the two hierarchical regression models referred to fathers' variables.


Table 3. Hierarchical multiple regression models with fathers' variables.
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Findings showed that fathers' hostile and benevolent sexist attitudes were positively related to conservation. Besides, fathers' hostile and benevolent attitudes were significantly related to self-transcendence, but in opposite directions (negative for hostile sexism and positive for benevolent sexism). Interestingly, children's sex moderated the relation between fathers' benevolent sexism and conservation values. As illustrated in Figure 1, the simple slope analysis revealed that the positive link between benevolent sexism and conservation was stronger in the case of sons [Simple slope = 0.37, SE = 0.12; 95% CI (0.13, 0.61), p < 0.01], than in the case of daughters [Simple slope = 0.12, SE = 0.07; 95% CI (−0.02, 0.27), p > 0.05].


[image: Figure 1]
FIGURE 1. The moderating role of children's sex on the relation between fathers' benevolent sexism and fathers' conservation values.




DISCUSSION

The current study explored the association between parents' hostile and benevolent sexism toward women and socialization values. In particular, we considered the social-focused values (i.e., conservation and self-transcendence), which contribute to regulating how people relate socially to each other (Schwartz, 2012). We involved both mothers and fathers and analyzed the moderation effect of children's sex on the sexism-socialization values link.

The straightforward result is that parents' sexism is significantly associated with the social-focused values parents would like to see in their children. There are two related points to this main result: first, parents' benevolent sexism, more than the hostile one, seems to be involved in children's value socialization; second, fathers' sexism, more than the mothers' one, intervenes in children's value socialization.

As hypothesized, mothers' and fathers' benevolent sexism was positively related to conservation values. Parents characterized by high levels of benevolent sexism might want to pass on to their children conservation values because the content of these values is in line with the desire for a stable context in which women are protected from harm (Sortheix and Schwartz, 2017). It is worthwhile noting that the relationship between benevolent sexism and conservation to transmit to sons and daughters is the only one significant for mothers. Benevolent sexism is the most subtle type of sexism, generally endorsed by both genders, which includes valuing feminine-stereotypes (Mastari et al., 2019). Conservation values are self-protective values, that serve to cope with anxiety due to uncertainty in the world by avoinding conflict (conformity) and maintaining the current order (tradition and security). Thus, the relation between mothers' benevolent sexism and the socialization values of conservation may express the desire to ensure a long-term safety for women (across generations) by the fulfillment of traditional gender roles.

Interestingly, as shown by the moderated regression analysis, the positive relation between fathers' benevolent sexism and conservation was moderated by children's sex, being stronger in the case of sons than of daughters. Thus, from the fathers' view, it is the task of men (i.e., sons) to preserve stability and safety in order to protect and support women. Furthermore, fathers' benevolent sexism was related to growth and self-expansive values (i.e., self-transcendence). Fathers with high levels of benevolent sexism would likely interpret their sexist attitude as a form of respect and care toward women instead of an attitude hindering women's freedom. Their sexism might assume the shape of paternalism, thus strengthening their view of being a caring person (Glick and Fiske, 2001). Hence, they may wish to transmit to their children generative values (Erickson, 1963) whose content is related to the concern for the welfare and the protection of all human beings (Schwartz, 2012).

On the contrary, fathers' hostile sexism was not generative at all. It was positively associated with conservation values, but negatively with self-transcendence values. Men with high levels of hostile sexism tend to exhibit a hostile attitude toward women, reinforcing the view that women are only suited for domestic roles, even when women aspire to high-status roles that are perceived as suitable only for men (Eagly and Mladinic, 1994). As such, fathers' hostile sexism discourages the promotion of self-transcendence values that emphasize the understanding, appreciation, tolerance, and equality of all people.

Two main limitations of the present study must be acknowledged. First, the study's cross-sectional design did not allow us to draw causal interpretations from the results or catch potential changes over time. Second, the sample was of convenience and relatively small in size, with fewer sons than daughters. For these reasons, future longitudinal studies with larger representative sample of families are needed to better understand the role of parents' sexism within the family socialization processes.

Despite its limitations, this is the first study showing that parents' sexism intervenes at the core of socialization of young adult children by being related to what parents would like their children to value. There is a direct transmission of sexist attitudes between parents and children (Garaigordobil and Aliri, 2011) and an indirect path through promoting desired values across generations. Values represent, to some extent, a family heritage (e.g., Fiorilli et al., 2015). Parents have a mental representation of an “ideal adult,” developed based on their own values, beliefs, and (sexist) attitudes that shape what they consider beneficial and adaptive. When they state the desired values for their children, they project such representation onto them (Rosenthal and Roer-Strier, 2006; Barni et al., 2017).

All in all, our results highlighted the “pervasive” role of fathers' sexism in children's value socialization. These results align with previous research showing the stronger influence of fathers' hostile and benevolent sexism on family relationships and dynamics (e.g., aggressive parenting, Overall et al., 2021). In the socialization of sexism, this seems especially true for the father-son dyad as suggested by our and previous studies (e.g., Garaigordobil and Aliri, 2011).

This study's findings can have significant practical implications. Interventions to reduce sexism are quite rare, practically absent in working with parents. Differently from other forms of prejudice (e.g., racial), intergroup contact cannot be applied to reduce sex prejudice. Providing individuals with gender-relevant information could be a good starting point to change their sexist attitudes (Becker and Swim, 2011). In this line, it would be helpful to develop training programs involving both mothers and fathers to strengthen parents' awareness about their hostile and benevolent sexist attitudes in order to avoid directly or indirectly transmitting them to future generations. We must not forget that cultural persistence is essentially the result of family and social transmission (Schönpflug and Bilz, 2009).
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FOOTNOTES

1If parents had more than one young-adult child, they were asked to respond thinking about their firstborn.
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This study investigates how perceived occupational knowledge, gender stereotypes, and pressure to conform to gender norms influence children’s career interests in a sample of fourth and fifth grade children (n = 178, Mage = 9.78 years, 46.6% girls). Children were interested in and perceived that they knew more about own gender dominated occupations, compared to other gender dominated occupations. Gender moderated the effect of gender conformity pressure and gender stereotypes on interest in female-dominated but not male-dominated occupations. Boys were less interested in female-dominated occupations when they felt pressure to conform to gender norms and held more stereotypical beliefs about those occupations. These results suggest that perceived occupational knowledge is an important, yet overlooked, factor in understanding gender differences in children’s occupational interests.
Keywords: children, gender differences, gender roles, stereotypes, occupational interest
INTRODUCTION
Middle childhood (7–12 years old) is a unique time to explore how gender influences occupational interests. Elementary aged children hold less rigid gendered attitudes than younger children in some domains, yet their behaviors and interests tend to be gender-typed (Blakemore, 2003). Occupational gender stereotypes from the larger culture impact children’s occupational interest, which remain relatively stable from early adolescence to middle adulthood (Low et al., 2005). Thus, gender differences in children’s early occupational interests may have a lasting impact. This study examines several socialization factors associated with the emergence of these gender differences, including perceived pressure from parents, teachers, and peers to conform to gender role norms, perceived knowledge about occupations, and gender stereotypes, and further extends previous research that has focused primarily on middle class samples to children attending lower SES (socioeconomic status) schools.
Gender socialization and stereotypes are central to three major theoretical perspectives of the development of career interests. Gottfredson. (1981) circumscription and compromise theory proposes that social experiences shape children’s perceptions of gender-typical behavior and roles, and as children grow, they increasingly rule out occupations that are atypical for their gender. Middle childhood is a critical time point as older elementary aged children start to consider the social desirability of occupations for their own gender. Additionally, social cognitive career theory (Lent et al., 1994) and the expectancy value theory (Eccles et al., 1983) point to gender socialization and related gender stereotypes to explain gender differences in academic and occupational interests, proposing that gender socialization and stereotypes affect interests through academic or career self-concept and efficacy.
The current study extends this work and considers that knowledge of careers develops outside the influence of key socializing agents and is gendered in other ways. Gender as a social category is salient to children and affects their attention to people in their world, even when there is little pressure to conform to gender norms. According to social role theory (Eagly, 1987) and social cognitive theory of gender development (Bussey and Bandura, 1999), youth naturally attend to same-gender role models, supporting the idea that gendered knowledge of careers may emerge independent of social pressure from others. Gender differences in occupation interests may emerge due to many factors, some of which are captured by gender socialization measures and some that occur outside of the influence of salient social agents. In this study, we examine if felt pressure to conform to gender norms and perceived knowledge contribute to explaining gender differences in career interests in addition to more frequently studied constructs, such as gender stereotypes. Additionally, because socioeconomic status is related to children’s occupational aspirations (Weinger, 2000), and lower SES groups are less represented in previous research in this area, this study focused on children attending lower SES schools.
Gender Socialization
Gender socialization, or the messages an individual receives about what behaviors and roles are culturally appropriate for one’s gender, is a powerful influence on career choice (Eccles, 1987; Lent et al., 1994). Early socialization about what occupations are considered appropriate for one’s gender may be especially impactful on later interest (e.g., Antecol and Cobb-Clark, 2013). In the current study, gender socialization was conceptualized as children’s felt pressure to conform to gender norms. Although there is a host of empirical evidence investigating the impact that felt pressure to conform to gender norms has on children’s educational (Vantieghem et al., 2014) and psychosocial outcomes (Corby et al., 2007; Masters et al., 2020), less work has examined how felt pressure to conform to gender norms impacts children’s occupational interests. It should be noted that girls often report feeling less pressure to conform to gender norms than boys (Egan and Perry, 2001; Masters et al., 2020), suggesting that there may be differences between boys and girls with respect to the degree to which social pressure plays a role in their career interests.
In line with social cognitive theory (Bussey and Bandura, 1999), this study examines parents, teachers, and peers as sources of gender socialization (Rice et al., 2013). Adults (Sullivan et al., 2018) and peers (Pascoe, 2012; Heinze and Horn, 2014) respond more negatively to children who engage in gender-atypical activities than those who engage in gender typical activities. Children under pressure to adhere to gender roles may not explore a wide range of options when deciding what interests to pursue (Bem, 1981; Bussey and Bandura, 1999) and in an effort to avoid negative evaluations from parents, teachers, and peers, may adopt gender typical interests. As such, it was hypothesized that youth who feel a strong degree of gender conformity pressure would be more interested in own-gender dominated occupations than those who report less gender conformity pressure.
Gender Stereotypes
Despite societal changes in men’s and women’s roles, gender stereotypes have persisted across the decades (Haines et al., 2016). Gender stereotypes impact the development of career interests in a number of ways, including discouraging people from choosing careers considered incongruous with their gender (Eccles, 2011). In accordance with social role theory (Eagly, 1987), occupational interests are correlated with gender stereotyping and work-force gender-segregation, such that boys and girls are more interested in careers they believe are predominately held by their own gender (Hayes et al., 2018). Gender differences in children’s occupational interests parallel the adult work world, suggesting that the gender composition of occupations has significant intergenerational effects. In a cyclical manner, as occupational demographics change historically, gender stereotypes should evolve (Koenig and Eagly, 2014). Given that boys are more beholden to strict gender stereotypes than girls (Pauletti et al., 2017), it is important to consider the role that gender stereotypes play in gender differentiated career interests.
Occupational Knowledge
Occupational knowledge is the understanding of information about careers, such as the physical and mental requirements, time, or status (Schmitt-Wilson and Welsh, 2012). Children’s occupational preferences are linked to fields in which they feel knowledgeable (Rohlfing et al., 2012; Schmitt-Wilson and Welsh, 2012; Hartung, 2015). The perception of occupational knowledge or the amount of knowledge children think they have (Rohlfing et al., 2012), and their actual knowledge (Watson and McMahon, 2005) are two distinct factors. Boys tend to think they have more knowledge of masculine occupations than girls (and vice versa), even though boys and girls might be quite comparable in their actual knowledge (Miller and Hayward, 2006). There are gender differences in perceived occupational knowledge, but not in actual knowledge (Ferrari et al., 2015), suggesting that gender stereotypes influence self-perceived knowledge. We focused on perceived occupational knowledge as a factor for understanding gender differences, hypothesizing that children’s perception of having more knowledge about same-than other-gender dominated occupations would be positively related to their interest in same-gender occupations. Both perceived knowledge and interests are impacted by gender stereotypes embedded in the larger culture.
Socioeconomic Status
This study investigates gendered career interests within the parameters of perceived occupational knowledge, occupational gender stereotypes, and gender conformity pressure among children in grades 4 and 5. An additional objective of this research is to expand the study of career interests to children in lower socioeconomic status (SES) schools who are less often represented in this area of research. Children from lower SES households receive less information about work (Doyle, 2011), perceive more barriers towards career attainment (Weinger, 2000), and aspire to less prestigious jobs (Howard and Walsh, 2011) than students from middle to high SES households. Youth from lower SES households have been included in recent work regarding felt pressure to conform to gender norms (Cook et al., 2019; Shroeder and Liben, 2020) but have been less represented in work examining gendered occupational stereotypes and interests (see Patterson, 2012, for an exception). Accordingly, all participants in the study attended Title 1 schools.
Research Aims and Hypotheses
The first aim of this study is to examine the association between perceived occupational knowledge and occupational interest to determine whether our lower SES sample replicates the findings from past research showing that perceived occupational knowledge predicts occupational interest (Rohlgfing et al., 2012). The relationship between occupational knowledge and interest has primarily been investigated in European samples (Rohlgfing et al., 2012). Our work expands upon current literature by examining this effect in a sample of lower SES students residing in the U.S.
The second aim is to examine gender differences in perceived occupational knowledge, occupational interest, and felt pressure to conform to gender norms. It was hypothesized that girls would have greater perceived occupational knowledge and interest in female-dominated occupations, compared to boys, and there would be comparable findings for boys for male-dominated occupations. In line with prior work, we expected that boys would experience gender conformity pressure to a greater degree than girls (Egan and Perry, 2001; Masters et al., 2020).
Most importantly the third aim is to examine the combined effects of perceived occupational knowledge, felt pressure to conform, and gender stereotypes on occupation interests. Analyses tested the hypothesis that perceived knowledge may capture unique variance relative to the other measures. These analyses also tested for gender differences in the effects of the three factors.
METHODS
Participants
Participants were 178 fourth and fifth grade students (53.4% boys, 53.9% fourth graders; Mage = 9.78 years, SD = 0.717; range 9–11) recruited from four local schools and after-school programs in the U.S. Southeast. All elementary schools were Title 1 schools, with a range of 55–69% of students qualifying for free/reduced lunch. The ethnic makeup of the final sample was 65.2% White, 23% Black, 2.2% Latinx/Hispanic, 3.4% Native American, and 5.6% were another race. This is similar to the racial demographics of the participating schools.
The initial response rate was 61.2% of the 374 potential students. Of the 229 parent consent forms returned, 211 (92.3%) gave consent. From this group 178 (77.7%) completed surveys. Four children declined to participate, and the rest were absent the day the survey was administered. An a priori power analysis (G*Power; Faul et al., 2007) was conducted with α = 0.05 and power set to 0.80. To detect a small to medium effect size (0.15) a sample of 130 participants was needed, and the actual sample size was larger.
Procedure
Data collection occurred during the fall semester of school. Surveys were administered to all assenting students during school hours. Participants were informed that participation is optional, their responses would be kept confidential, and participation could be terminated at any time during the study, for any reason and without penalty. After reviewing the assent statement, students completed the paper survey on their own. Research staff were available to address questions and ensure that students stayed on task and did not share their answers. Teachers remained in the room during the survey as required by school district policy. However, they were not involved in the administration of the survey and were generally sitting at their desks away from students.
Measures
Knowledge, interest, and stereotype questions were asked for four male-dominated (Construction worker, Fire fighter, Engineer, Computer Programmer) and four female-dominated (Elementary School Teacher, Nurse, Librarian, Hair Stylist) occupations. Male-dominated and female-dominated occupations were selected based on current data from the Bureau of Labor Statistics (2016). Similar to Fulcher (2011), there was very little difference between the combined four-male and combined four-female occupations on salary and required education. Participants had to have answered 75% of the items on a scale to receive a score for that scale.
Occupational interest. Children were asked: “How much would you like to be a(n) (occupation)?” Participants responded using a 6-point scale (1 = not at all to 6 = very much). Summary scores of participants’ interests in masculine and feminine occupations were computed by averaging responses to the four items of each type, with higher scores indicating a greater preference for feminine or masculine occupations. This measure was adapted from the Occupations, Activities and Traits - Personal Measure (Liben and Bigler, 2002). In the current study, reliability estimates were moderate for the four feminine items (ω = 0.66; α = 0.66) and the four masculine items (ω = 0.62; α = 0.61). The internal reliability for occupational interest is similar to those in other studies with children who were enrolled in fourth, fifth, or sixth grades (Spence and Hall, 1996; Barth et al., 2018; Pacilli et al., 2019).
Occupational knowledge. The Rohlfing et al. (2012) Occupational Knowledge Scale was adapted to measure perceived occupational knowledge. For each occupation, children rated “About how much do you already know about what people in this job do?” on a 6-point scale (1 = not very much; 6 = a lot). Scores were averaged to create a male-dominated (ω = 0.65; α = 0.66) and a female-dominated scale (ω = 0.69; α = 0.68). Each respective scale was four items each.
Occupation Gender Stereotyping. Similar to Liben and Bigler (2002), participants were asked “who would like to have this job” to evaluate to the extent to which each job is perceived as being gender segregated. Response options ranged from 1 = only men to 7 = only women. Separate scores were averaged for male-dominated (ω = 0.70; α = 0.68) and female-dominated (ω = 0.70; α = 0.70) occupations, such that higher scores are consistent with the gender stereotype for the occupation. Each respective scale was four items each.
Felt Pressure. The measure was adapted from Patterson. (2012) revision of Egan and Perry. (2001) original scale (Patterson, 2012). In separate items, children rated on a 4-point scale (1 = really would not to 4 = really would) how they anticipated parents, teachers, and peers would respond if they engaged in gender non-conforming behaviors. Children indicated how likely each social agent would respond by 1) teasing, 2) being upset or unhappy, 3) trying to stop the behavior, and 4) trying to get them to act more like others of their own gender (total of 12 items; ω = 0.83; α = 0.83). A sample item from the girl’s form is: “If you wanted to do something that boys usually do (but girls don’t do), how much do you think other kids would try to stop you?” “Other kids” was replaced by parent and teacher to address the influence of each social Scores were the mean responses across the 12 items. Higher scores indicated greater perceived pressure.
RESULTS
Overview of Analysis
Data were analyzed in three phases that align with our aims. In the first phase, we explored whether there was a correlation between perceived knowledge and interest in occupations. In the second phase, we tested the hypothesis that there will be gender differences in occupational knowledge and interests using a series of independent samples t-tests. In the final step, we used hierarchical regressions to understand the combined predictive ability of perceived occupational knowledge, felt pressure, and gender stereotypes on occupational interests. Gender was dummy coded for all analyses (1 = girl; 0 = boy). All data analyses were carried out using SPSS statistical software and PROCESS macro for SPSS (Hayes, 2013).
Relation Between Perceived Knowledge and Interest
Correlations were calculated between perceived knowledge and interest for each set of occupations separately for boys and girls (Table 1). As expected, perceived knowledge was positively correlated with interest for both male- and female-dominated occupations for both boys and girls.
TABLE 1 | Bivariate correlations among measures for boys and girls.
[image: Table 1]Gender Differences in Interest and Knowledge
It was expected that boys would have a greater interest in, and knowledge of male-dominated occupations compared to girls, and that the opposite would be true for female-dominated occupations. A series of independent samples t-tests confirmed the hypothesis (Table 2). Boys, compared to the girls, had more interest in and perceived knowledge of male-dominated occupations. Compared to boys, girls had more interest in and knowledge of female-dominated occupations. In addition, boys reported higher conformity pressure levels than girls. There were no gender differences in the stereotype measures.
TABLE 2 | Mean gender differences in measures.
[image: Table 2]Hierarchical Regression Analyses Testing Predictors of Occupational Interest
Hierarchical regression models examined the combined predictive ability of perceived occupational knowledge, felt pressure, and gender stereotypes on occupational interests. Additionally, models assessed if these effects differed for boys and girls. Separate models were calculated for interest in male- and female-dominated occupations. In each model, gender was entered in the first step. In the second step, perceived occupational knowledge, felt pressure, and gender stereotyping were entered. The interaction terms between gender and the primary variables were entered in the final step to test for moderation. The PROCESS macro (Hayes, 2013) was used to probe marginal and significant interaction terms. Data were mean centered. Table 3 presents the standardized regression coefficients for each step of the models.
TABLE 3 | Hierarchical linear regression model predicting occupational interest.
[image: Table 3]Predicting interest in female-dominated occupations (Table 3). We hypothesized that gender stereotypes and felt pressure would positively predict girls’ interest, and negatively predict boys’ interest, in female-dominated occupations. In the first step of the model, gender was a significant predictor, F (1, 157) = 63.71, p < 0.001, R2 = 0.29. As expected, girls had a greater interest in female-dominated occupations than boys. There was a significant increase in variance explained from the first to the second block, ΔR2 = 0.11, ΔF (3, 154) = 9.60, p < 0.001. Gender remained a significant predictor. Perceived knowledge was positively associated with interest and stereotypes was negatively associated with interest. Felt pressure was not a significant predictor in the second step.
The addition of the interaction terms in the final step, resulted in a significant increase in variance explained, ΔR2 = 0.08, p < 0.001, ΔF (3, 151) = 7.50, p < 0.001. The interaction between felt pressure and gender was significant. Simple slopes analyses indicated that the effect of felt pressure on interest was marginally significant for boys (b = -0.29, p = 0.05) but not girls (b = 0.22, p = 0.18). The interaction between gender and stereotypes was also significant. Simple slopes analyses indicated that the effect of gender stereotypes on interest was significant for boys (b = -0.37, p < 0.001) but not girls (b = 0.10, p = 0.39). Finally, the interaction between gender and perceived knowledge was significant for girls (b = 0.42, p < 0.001), and for boys (b = 0.17, p = 0.01). See Figures 1, 2.
[image: Figure 1]FIGURE 1 | Gender x gender stereotypes interaction.
[image: Figure 2]FIGURE 2 | Gender x perceived occupational knowledge interaction.
To summarize, these results show that the boys who felt less pressure to conform to gender norms were more interested in female-dominated occupations compared to boys who felt more pressure to conform. Additionally, boys were less interested in female-dominated occupations when they viewed them as predominately held by women. Finally, the effect of perceived knowledge on interest in female-dominated occupations was stronger for girls than boys.
Predicting interest in male-dominated occupations (Table 3). The first step of the model predicting interest in male-dominated occupations was significant, F (1, 157) = 24.57, p < 0.001, R2 = 0.13, indicating that gender was a significant predictor. As hypothesized, boys were more interested in male-dominated occupations than girls. Results indicated a significant increase in variance explained from the first to the second block, ΔR2 = 0.22, ΔF (3, 154) = 17.48, p < 0.001. Gender remained a significant predictor. Although knowledge and stereotypes were significant, felt pressure was not. The increase in variance explained from the second block to the third block was not significant, ΔR2 = 0.01, ΔF (3, 151) = 1.00, p > 0.05.
To summarize, gender, perceived occupational knowledge and gender stereotypes were strong predictors of interest in male-dominated occupations. However, felt pressure did not appear to have an impact on interest in male-dominated occupations.
DISCUSSION
Gender differences in career interests that align with the segregated workforce are evident in children at early ages and remain relatively stable across the lifespan. As a result, these early career preferences may have a lasting impact and perpetuate the existing gender divide in work. Although researchers have extensively studied the impact of gender stereotypes (Oswald, 2008) on occupational interests, less work has examined how other facets of socialization, such as felt pressure to conform to gender norms and perceived occupational knowledge, may contribute to gender differences in children’s occupational interest. The current study investigated whether gender, perceived occupational knowledge, occupational gender stereotypes, and as felt pressure to conform to gender norms predicted elementary aged children’s occupational interests in a sample of low-SES children.
A significant contribution of this study is that it expands upon prior work and shows that perceived occupational knowledge predicts interest in gender-dominated occupations among fourth and fifth grade students. Although the observed relationship between perceived occupational knowledge and interest is not surprising, few studies have examined this relationship among younger children or children residing in the United States (Miller and Hayward, 2006). These results slightly differ from a study with older high school students in the United Kingdom that found that the relationship between perceived occupational knowledge and occupational interest was only significant for girls (Miller and Hayward, 2006). Perhaps there are developmental differences between elementary and high school boys’ perceived occupational knowledge and occupational interests and the association between the two. Our hypothesis that perceived occupational knowledge is related to children’s interest in gender-dominated was supported. These findings underscore how gender is embedded in everyday cognitive processes (Diekman and Schmader, 2020) and can result in gendered preferences even when there is no explicitly labeled categorization.
The gender differences observed in this sample confirmed the gender trends found in previous research (Ginevra and Nota, 2015). As hypothesized, boys rated their self-perceived knowledge and interest in male-dominated occupations higher than girls. Similarly, girls rated their self-perceived knowledge and interest in female-dominated occupations higher than boys. This finding is consistent with prior work demonstrating that youth are more interested in gender-typical occupations (Teig and Susskind, 2008; Coyle and Liben, 2018) and know more about occupations dominated by their own gender (Ferrari et al., 2015). Further, the finding that boys reported more felt pressure to conform to gender norms than girls replicates previous research (Egan and Perry, 2001; Smith and Leaper, 2006; Masters et al., 2020).
This study expands upon the current literature and demonstrates that pressure to conform to gender norms is related to children’s occupational interests under some circumstances. Gender conformity pressure has been researched with regard to psychological adjustment among U.S. adolescents (e.g., Carver et al., 2003; Corby et al., 2007), educational motivations and efficacy (Leaper et al., 2012; Vantieghem et al., 2014) but not occupational interests. The effect of felt pressure to conform on interest in female-dominated occupations was moderated by gender. The more pressure boys felt to conform to gender norms, the less interested they were in female-dominated occupations. This finding is similar to other work that has highlighted that boys may avoid engaging in feminine-typed behaviors and characteristics (Halim and Ruble, 2010), rather than seeking to enact masculine-typed behaviors and characteristics.
Why was felt pressure to conform to gender norms related to boys’, but not girls’ occupational interests? Concurrently, children in middle childhood positively value conforming to gender norms (Egan and Perry, 2001) while expressing less rigidity in their gendered attitudes in some domains compared to younger children (Martin et al., 2002; Ruble et al., 2006). Given that boys face harsher social sanctions for violating gender norms compared to girls (Egan and Perry, 2001; Pauletti et al., 2017), it is plausible that boys are more attuned to external messages about what is not acceptable for them than messages about what is acceptable (Pauletti et al., 2017). Conversely, during childhood, girls may experience pressure to conform to feminine norms their parents in particular (Carr, 2007). Perhaps girls are more sensitive to messages about positive prescriptive stereotypes (desirable behaviors), rather than messages about negative proscriptive stereotypes (behaviors that one should avoid). The way in which felt pressure to conform was measured in this study may have captured pressure to avoid other-gender rather than pressure to conform to same-gender, normative behaviors. Further evidence and replication are required, specifically focusing on the circumstances under which felt pressure might affect boys and girls differently and distinguishing between prescriptive and proscriptive pressure.
In light of the findings for felt pressure, it is important to further consider why gender stereotypes influenced boys’ disinterest in female-dominated occupations but did not significantly contribute to either boys’ or girls’ interest in male-dominated occupations. It is possible that these results differ in part due to the specific male-dominated occupations used in this study. The occupations examined are gender-segregated in the current workforce and represented as so in the media (Singh et al., 2020). However, male-dominated occupations that are commonly incorporated in other studies, such as doctors and pilots, are also associated with higher salaries than most female-dominated occupations. It is important for research on occupational gender stereotypes to not confound masculine and feminine occupations with differences in salaries (or education requirements) because such confounds cloud the interpretation of gender stereotype effects. Salary is associated with status, and indeed, all children are interested in occupations associated with high status (Teig and Susskind, 2008). In this study an attempt was made to choose masculine and feminine occupations that collectively were similar with respect to salary and education requirements. We view this as a strength of this research. Nevertheless, the strength of the relationship between boys’ interest in male-dominated occupations and their perceptions of occupation gender stereotypes may be moderated by other factors such as salary and prestige.
One of the most important questions for future studies posed by these results is the pattern of relationships among the primary variables for girls. While the gendered nature of the occupations did seem to impact girls’ interest in female-dominated occupations relative to boys, it is unclear why gender stereotyping or perceived pressure did not explain their interests. Work with older samples show that girls exhibit gender-typical occupational interests during childhood, but more gender balanced occupational interests emerge during adolescence (Sandberg et al., 1991; Helwig, 2008). Although girls were interested in female-dominated occupations more than boys, lower gender conformity pressure may be a precursor to less gendered interests later in adolescence. As described earlier, girls are allowed more flexibility than boys in their adherence to gender norms (Egan and Perry, 2001; Pauletti et al., 2017). Some evidence even suggests that girls are encouraged to engage with masculine domains. For example, a study of nine and ten-year-olds showed that girls who prefer male-typical activities are well-liked by their peers (Braun and Davidson, 2017). If masculine traits and activities are more socially valued than feminine traits and activities (Teig and Susskind, 2008), it makes sense that gender socialization and feminine stereotypes would have less of an impact girls’ occupational interests. Alternatively, it is possible that these variables impact other constructs associated with male- and female-dominated occupational interests, such as self-efficacy, outcome expectations, and values. Indeed, prior work has shown that gender stereotypes (Brown, 2019) and gender socialization (Leaper et al., 2012) negatively impact girls’ academic self-efficacy.
Limitations and Future Directions
The limitations of this study should be noted. First, the current study design does not allow for causal inferences and thus only provides an initial step in understanding the pathways between perceived occupational knowledge, felt pressure to conform to gender norms, and gender stereotyping, and gender differentiation of occupational interest. Second, it is possible that social desirability could have affected responses. For example, participants may have responded that occupations are appropriate for “both men and women” even though this response does not reflect their actual attitudes.
The occupations presented were selected carefully to avoid confounding gender stereotype designation with status related occupation characteristics, specifically salary. However, it is possible that these occupations may not reflect the breadth of potential occupations that children are currently interested in holding or may not represent the salient occupations held by men and women in these children’s daily lives. As suggested by social role theory (Eagly, 1987) and social learning theory (Bussey and Bandura, 1999), it is important to consider the occupations of salient same-gender role models in these children’s lives.
A strength of the present study was the focus on a study population of lower-SES children who have generally not been represented in this line of research. However, our findings may not generalize to children from middle- and high-SES backgrounds. For example, children from lower-SES backgrounds observe adults in different kinds of occupations than children from middle- or high-SES backgrounds. Indeed, our lower-SES sample may observe adults in occupational sectors with less gender equality more often than children from a higher-SES sample. Given that higher income adults are less likely than lower come adults to hold traditional gender beliefs (Katz-Wise et al., 2010), it is possible that children from lower-SES backgrounds internalize gender conformity pressure to a greater extent than those from middle- or high-SES backgrounds. Future work should investigate the extent to which our findings parallel with a middle- or higher-SES sample.
Implications
This study makes theoretical contributions in the areas of gender and occupational interests. The finding that gender and perceived occupational knowledge were strong predictors of occupational interest lends support for gender development theories (Bem, 1981; Martin and Halverson, 1981) that suggest that children organize gendered information from their environment into schemas about what it means to be a girl or boy, which motivates their behaviors and may drive gender-typed personal preferences (Liben and Bigler, 2002; Ruble et al., 2006). The gender differences observed in perceived occupational knowledge and occupational interest expand upon social role theory (Eagly, 1987), which posits that gender differences in career interests result in part from the historical gender segregation in labor. Notably, this study may have detected an overlooked and understudied construct in research focused on gender differences in career interests, perceived occupational knowledge. For example, in our study, perceived knowledge differed for boys and girls, but stereotype beliefs did not. It will be important to consider how perceived knowledge is associated with constructs from models that are often used to predict gender differences in academic outcomes and career interests, such as self-competence or self-efficacy from expectancy-value theory (Eccles, 2011) and social cognitive career theory (Lent et al., 1994).
The findings have important implications related to workforce shortages due to gender segregation. The finding that perceived occupational knowledge is related to occupation gender composition by fourth grade suggests that interventions aimed at promoting children’s interest in gender atypical occupations should be implemented at an earlier age. Such interventions are warranted especially when workforce shortages parallel the gender-segregated career choices (e.g., shortages in engineers, computer scientists, nurses and teachers). The gender differences highlighted point to the need for strategies to increase the perceived knowledge and interest in gender non-traditional occupations. To offset inferences that children make as a result of exposure to labor force segregation, it may be efficacious for career guidance counselors to directly address gender imbalances with children (Bigler and Liben, 2006). Although it is difficult to address the gender composition of occupations at the societal level, children may benefit from examples of individuals in gender non-traditional occupations (Dasgupta, 2011). Exposure to individuals in these occupations may be especially impactful for lower SES girls due to the plethora of low waged jobs typically done by women, such as housekeeping or food service, gender socialization may perpetuate poverty for these girls.
CONCLUSION
To better understand the reasons underlying gender differences in perceived occupational knowledge and interest, this study examined the role of gender stereotypes and gender socialization. This study confirms gender differences in career interests and knowledge and leads to new questions about factors that might determine these gender differences. It appears that boys and girls are equally cognizant of gender segregation in the workforce, but perhaps do not feel the same pressure to conform to these norms. The information gained from this study may be beneficial to further understand the interplay between perceived occupational knowledge, gender socialization, and gender stereotypes as they relate to children’s occupational interests.
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Existing literature indicates that parenting styles affect the development of cyber aggression in offspring differently, depending on the gender of children. The present study investigates whether mothers’ and fathers’ parenting styles show similar gender differences in their associations with a new form of dating violence, i.e., cyber dating abuse (CDA). The limited evidence on the issue focuses on the relation that each parenting style has with CDA perpetration, without considering CDA victimization and the joint effects of fathers’ and mothers’ parenting styles. The present study contributes to the research on gender differences in parenting by examining whether young adults’ perceptions of maternal and paternal parenting styles during childhood were independently and/or jointly related to their perpetrated and suffered CDA and whether these relations differed across young adults’ gender. In total, 351 young adults (50.7% men), age between 18 and 35 years and having a romantic relationship, completed online self-reports of the variables of interest that include a bidimensional measure of perpetrated/suffered CDA that assess aggression and control. Results showed that maternal authoritarian parenting was uniquely and positively associated to their children’s perpetration and victimization of cyber dating control, whereas maternal permissive parenting was uniquely and positively related to their children’s perpetration of cyber dating aggression and victimization of cyber dating control. For daughters, these associations were stronger when the father’s style was similar to the mother’s one or when a maternal authoritarian style combined with a paternal permissive style, thus indicating that the two parents’ parenting styles interact in relating to their daughters’ CDA.
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INTRODUCTION

The family of origin usually is the most important socialization agent in the early stages of individuals’ development. Several theoretical models, such as social learning theory (Bandura, 1977), coercion theory (Reid et al., 2002), attachment theory (Michiels et al., 2008), and the self-determination theory (Soenens et al., 2015), suggest that parents may affect children’s and adolescents’ behaviors and their peer relationships through their parenting choices, practices, and beliefs.

According to Baumrind (1971, 1991), the construct that best summarizes the main factors through which parents influence the socio-emotional and behavioral development of their children is parenting style, that is the pervasive emotional climate within which the child is raised (Darling and Steinberg, 1993). Baumrind’s (1971, 1991) categorical model distinguishes three different parenting styles–authoritative, authoritarian, and permissive–on the basis of four parental behavior dimensions: parental warmth, control, demand, and involvement. More specifically, authoritative style, characterized by high levels of control, demand, parental warmth, and involvement, is recognizable in affective and sensitive parents, who discipline their children through open communication and example, have high but reasonable demands, and are strict but fair. The authoritarian style, characterized by high levels of control and demand and low levels of warmth and involvement, is evident in strict and inflexible parents, who show high expectations toward their children, little sensitivity toward emotional needs of children, and punish them without explaining the meaning of the rules imposed. Finally, the permissive style, characterized by high levels of parental warmth and involvement and low levels of control and demand, is identifiable in caring, affective, and sensitive parents, who exercise the role of friends rather than parents and thus display an excessive indulgence and poor ability in the exercise of normative functions.

The wide empirical literature inspired by this model generally attests that the authoritarian and, to a lesser degree, the permissive parenting style contribute to the development of behavioral problems, such as the perpetration of bullying and dating violence in offspring (Luk et al., 2016; Olivari et al., 2017; Pinquart, 2017; Cuccì et al., 2019; Ruiz-Hernández et al., 2019; Moreno Méndez et al., 2020). Conversely, the authoritative parenting has a protective effect against externalizing problems and both perpetration and victimization of relationship abuse, even in the presence of parental inconsistency (Luk et al., 2016; Mumford et al., 2016; Pinquart, 2017; Ruiz-Hernández et al., 2019). These effects resulted not moderated by child and parent gender (Pinquart, 2017). The cultural invariance of the above findings was, however, questioned by recent research in Latin American and Mediterranean European countries, where permissive parenting was found to have more positive outcomes than expected (Martínez et al., 2019; Suárez-Relinque et al., 2019).

The digital revolution has caused such substantial changes within relational dynamics, especially among current adolescents and young adults belonging to the Y and the Z generations (Buckingham and Willett, 2006; Junco and Mastrodicasa, 2007), that scholars have been forced to rethink the construct of violence in a way that also includes the virtual world. Recent studies have indeed highlighted the rapid spread in cyber space of new forms of intentional acts harming individuals or groups, which has been given the name of cyber aggression (Zhao and Gao, 2012; Zhang et al., 2021). Results available to date on the role of parenting styles in predicting offspring cyber aggression are only partially consistent with those concerning violence in the real world. In fact, several studies show that the parental authoritarian style positively relates to children’s perpetration and victimization of cyber aggression; however, the relation between authoritarian parenting and perpetrated cyber aggression relation seems stronger for men than for women, suggesting that the authoritarian style fosters greater assimilation of traditional gender roles in which violence is less criticized in boys (Elsaesser et al., 2017; He et al., 2017; Martínez-Ferrer et al., 2019; Moreno-Ruiz et al., 2019; Zhang et al., 2021). In addition, results linking cyber aggression to the other two parenting styles seem more inconsistent: some reveal that parental indulgent and authoritative styles relate negatively with cyber violence, whereas some others indicate they are unrelated or positively related to it (e.g., Vale et al., 2018; Moreno-Ruiz et al., 2019; Zhang et al., 2021).

Among the various forms of cyber aggression, cyber dating abuse (CDA) refers to acts of control, aggression, and sexual coercion that are digitally perpetrated against the romantic partner through new media, such as social network sites, text messages, emails, or technology, such as geolocation app (Zweig et al., 2013, 2014; Borrajo et al., 2015; Reed et al., 2017). CDA appears to be widespread and dangerous for the mental health of both victims and perpetrators, resulting in externalizing and internalizing symptoms (Drauker and Martsolf, 2010; Bennet et al., 2011; Zweig et al., 2014; Sargent et al., 2016; Flach and Deslandes, 2017; Van Ouytsel et al., 2017).

Regarding CDA etiology, some evidence suggests that adverse childhood experiences lived in the family, such as experiencing abuse and witnessing intimate partner violence (IPV), are related to an increased likelihood of CDA perpetration and victimization, directly or through the internalization of early maladaptive relational schemas (Celsi et al., 2021; Smith-Darden et al., 2016; Ramos et al., 2017). However, not much attention has been devoted to other family of origin factors that may contribute to CDA. Particularly, only one study by Muñiz-Rivas et al. (2019) has recently examined which parenting style best predicts the risk of CDA perpetration. Their findings indicate that male and female adolescents with authoritarian mothers were the most prone to inflict cyber dating aggression and cyber dating control, respectively, whereas adolescents with indulgent mothers were the less prone. The authors explained the greater influence of mothers’ parenting styles as the consequence of their greater involvement in daily child-rearing, especially in domains related to affective relationships. Indeed, mothers are expected to be and remain the main caregiver despite a steady increase in women’s participation in work outside of the home (Raley et al., 2012). Muñiz-Rivas et al. (2019), however, omit to assess CDA victimization and cyber sexual coercion and do not examine the joint effects of fathers and mothers’ parenting styles, despite there is evidence that the combination of the two parents’ styles can explain more variance in children’s externalizing behaviors than the focus on only one parent’s style (Berkien et al., 2012).

Informed by the literature just reviewed, the present research aimed at investigating whether young adults’ perceptions of maternal and paternal parenting styles during childhood were independently and/or jointly related to their perpetrated and suffered CDA, with focused attention on gender differences.

As for the unique relations of parenting styles with CDA, we hypothesized that independently of witnessing IPV between parents, the more young adults reported their mother or father as having been authoritarian, the more they perpetrated and suffered CDA (H1); authoritarian parenting was more strongly related to young adults’ perpetrated CDA when mothers’, rather than fathers’, parenting was considered (H2) and in men, rather than in women (H3). We were unable to make well-founded predictions about the association of permissive and authoritative styles with CDA, because of previous studies conflicting results relating those styles to cyber aggression and to CDA. Similarly, no specific predictions were made about the joint relations of parenting styles with CDA due to the lack of evidence on the issue.



METHODS


Participants and Procedure

Participants were 351 young adults, 49.3% were women and 50.7% were men, aging on average 24 years (M = 24.20; SD = 3.20; range: 18–35). Their most frequent education qualifications were high school diploma or equivalent (46.4%), bachelor degree (28.8%), and master degree (21.1%).

All of them were engaged in a romantic relationship, mainly a heterosexual one (96.6%), averaging 3.62 years (SD = 2.99; range: 1 month–24 years). Most participants (79.2%) were not cohabiting with their romantic partners. All subjects had grown up with their parents.

On average, participants referred to use smartphones very often (M = 6.00; SD = 1.07) and social networks often (M = 5.24; SD = 1.36; possible range of response for both variables: from 1 = never to 7 = always).

Men and women did not differ with respect to any of the above socio-demographics except for social networks use, which was more frequent for women (M = 5.47) than for men [M = 5.02; t(349) = 3.147, p = 0.002].

Subjects were contacted through the publication of a post on instant messaging platforms, which presented the study as an anonymous survey on family and couple relationships and specified the inclusion criteria (identifying oneself as male or female, aging between 18 and 35 years, and having a romantic relationship lasting for at least 1 month). The message also contained a link to the online survey and asked participants to disseminate it to acquaintances. Informed consent was obtained from participants. The study complied with the Ethics Code of the Italian Psychology Association (Associazione Italiana di Psicologia [AIP], 2015) and was conducted in accordance with the (World Medical Association, 2013)-Declaration of Helsinki (1964/2013).



Measures


Parenting Styles

Young adults’ perceptions of their parents’ parenting practices during childhood were measured through the 40-item Italian version of the Parenting Styles and Dimensions Questionnaire (PSDQ; Tagliabue et al., 2014). The participant responded to two versions of the scale, one for the mother’s parenting style and one for the father’s. The scale assesses the three parenting styles suggested by Baumrind (1971, 1991): authoritative (23 items, e.g., “My mother/father encouraged me to talk about my troubles”; α = 0.98 for both mothers and fathers) (see Supplementary Material for internal consistencies for men and women, separately), authoritarian (13 items, e.g., “My mother/father guided me by punishment more than by reason”; α = 0.92 and 0.94 for mothers and fathers, respectively), and permissive (4 items, e.g., “My mother/father stated punishments to me and did not actually did them”). Since the permissive subscale had shown low reliability in previous studies (e.g., Tagliabue et al., 2014), we increased it by adding to the subscale 10 more items from the original version of the PSDQ (Robinson et al., 2001) (α = 0.80 and 0.77 for mothers and fathers, respectively).



Perpetrated and Suffered Cyber Dating Abuse

Perpetrated and suffered CDA within the current romantic relationship was measured through a scale previously validated in Italy by Celsi et al. (2021). The scale consists of 40 items (20 for perpetration and 20 for victimization) assessing two dimensions of CDA: monitoring and control (11 items, e.g., “I/my partner checked my/my partner’s location and online activities”; α = 0.86 and 0.89 for perpetration and victimization, respectively) and psychological or sexual pressure and aggression (9 items, e.g., “I/my partner sent a threatening message to my partner/me”; α = 0.84 and 0.78 for perpetration and victimization, respectively).



Intimate Partner Violence Perpetrated by Parents

Physical and psychological IPV perpetrated by parents and witnessed by respondents during their childhood was assessed through a 6-item measure by Celsi et al. (2021). Three items measured violence perpetrated by the mother against the father and three items assessed violence perpetrated by the father against the mother (e.g., “I saw/heard my mother/father being insulted, denigrated, humiliated, or verbally assaulted by my father/mother”; α = 0.71 and 0.84 for violence perpetrated by mothers and fathers, respectively).

Participants responded to the items of the three measures using a 7-point Likert scale ranging from 1 (never) to 7 (always).




Data Analysis

Hypotheses were verified using multiple regression analyses in SPSS, combined with Hayes’ (2013) PROCESS macros for Model 1, testing simple moderations (or 2-wave interactions), and Model 3, testing moderated moderations (or 3-wave interactions) (for more details see Supplementary Material). All PROCESS analyses were performed controlling for the parenting styles others the ones entered as the predictor and the moderator and for father and mother perpetrated IPV and child networks use (which resulted to differ across gender).

In order to address non-normality that is common in CDA and IPV data, the bootstrap technique (N = 5,000) was used to compute CIs.




RESULTS


Preliminary Results

When compared to women, on average men reported that their mother had been more permissive (M = 2.58 and 2.41; t-test (349) = 2.062, 95% CI [0.01; 0.33]) and their father had perpetrated less IPV (M = 1.46 and 1.87; t-test (349) = −3.148, 95% CI [−0.64; −0.17]). As concerns CDA, men resulted to perpetrate more aggression (M = 1.22 and 1.10; t-test (349) = 2.855, 95% CI [0.04; 20]) and less control (M = 1.57 and 1.82; t-test (349) = −3.034, 95% CI [−0.42; −0.09]) and to suffer more control (M = 1.70 and 1.45; t-test (349) = 2.924, 95% CI [0.08; 0.43]) and more aggression (M = 1.22 and 1.12; t-test (349) = 2.611, 95% CI [0.03; 0.18]) than women did (see Supplementary Table 2 for descriptive statistics and correlations).



Unique Relations of Parenting Styles With Cyber Dating Abuse

Regression models indicated that mother but not father parenting styles were uniquely but weakly related to their child CDA (see Table 1). In particular, the more the mother was perceived as authoritarian the more the child perpetrated and suffered cyber dating control; also, the more the mother was judged as permissive the more the child perpetrated cyber dating aggression and suffered cyber dating control. PROCESS Model 1 revealed that none of the unique associations between parenting styles and CDA was moderated by the gender of participants.


TABLE 1. The role of parenting styles on CDA when controlling for networks use and IPV perpetrated by parents.
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Joint Relations of Parenting Styles With Cyber Dating Abuse

From PROCESS Model 1, we found that only the mother authoritarian style and the father permissive style interacted in relating to their children CDA. Specifically, the association of mother authoritarian style with both perpetrated and suffered cyber dating aggression was stronger the more permissive the father was (2-wave interaction effects: B = 0.06, β = 0.13, 95% CI [01, 0.10], f2 = 0.021 and B = 0.05, β = 0.14, 95% CI [0.01, 0.10], f2 = 0.02 for perpetrated and suffered aggression, respectively). Simple slope tests showed that such associations were significant only for children having a more permissive father (1 SD above the mean) (B = 0.06, β = 0.18, 95% CI [0.01, 0.11] and B = 0.06, β = 0.21, 95% CI [0.01, 0.11] for perpetrated and suffered aggression, respectively).

Finally, PROCESS Model 3 showed that mother and father parenting styles interacted in relating to CDA differently for daughters and sons. Specifically, the previous interaction effects of mother authoritarian style and father permissive style on perpetrated cyber dating aggression were significantly moderated by child gender (3-wave interaction effects: B = 0.11, β = 0.13, 95% CI [0.02, 0.19], f2 = 0.02). Simple slope test showed that mother authoritarian style was significantly associated with a higher degree of perpetrated cyber dating aggression only in daughters having a more permissive father (1 SD above the mean) (B = 0.11, β = 0.34, 95% CI [0.04, 0.18]) (see Figure 1).
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FIGURE 1. The conditional effects of mother authoritarian parenting style on perpetrated cyber dating aggression as a function of father permissive parenting style and child gender. **p < 0.01. M, mother; F, father; PS, parenting style; CDA, cyber dating abuse.


In addition, the association of mother authoritarian style with perpetrated and suffered cyber dating control varied as a function of both father authoritarian style and child gender (3-wave interaction effects: B = 0.10, β = 0.10, 95% CI [01, 0.19], f2 = 0.01 and B = 0.10, β = 0.11, 95% CI [01, 0.20], f2 = 0.01 for perpetrated and suffered control, respectively). Simple slope tests showed that mother authoritarian style was significantly associated with higher degrees of perpetrated and suffered cyber dating control in daughters having more authoritarian fathers (1 SD above the mean) (B = 0.17, β = 0.25, 95% CI [0.03, 0.30] and B = 0.16, β = 0.10, 95% CI [0.02, 0.30] for perpetrated and suffered control, respectively). In addition, mother authoritarian style was significantly associated with a higher degree of suffered cyber dating control in sons having poorly authoritarian fathers (1 SD below the mean) (B = 0.19, β = 0.28, 95% CI [0.03, 0.35]) (see Figure 2).
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FIGURE 2. The conditional effects of mother authoritarian parenting style on perpetrated and suffered cyber dating control as a function of father authoritarian parenting style and child gender. *p < .05. M, mother; F, father; PS, parenting style; CDA, cyber dating abuse.


Finally, mother permissive style was differently related to suffered cyber dating aggression and control as a function of father permissive style and child gender (3-wave interaction effects: B = 0.11, β = 0.09, 95% CI [0.01, 0.22], f2 = 0.01 and B = 0.46, β = 0.17, 95% CI [0.22, 0.70], f2 = 0.04 for suffered aggression and suffered control, respectively). Simple slope tests showed that mother permissive style was significantly associated with higher degrees of suffered cyber dating aggression and control only in daughters having more permissive fathers (1 SD above the mean) (B = 0.10, β = 0.22, 95% CI [0.01, 0.21] and B = 0.45, β = 0.42, 95% CI [0.22, 0.68] for suffered aggression and suffered control, respectively) (see Figure 3).
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FIGURE 3. The conditional effects of mother permissive parenting style on suffered cyber dating aggression and control as a function of father permissive parenting style and child gender. *p < .05, ***p < .001. M, mother; F, father; PS, parenting style; CDA, cyber dating abuse.





DISCUSSION

Our results showed that the more young adults reported that their mothers had been authoritarian or permissive during their childhood the more likely they were to be involved in a cyber abusive dating relationship. In fact, when controlling for the confounding effects of IPV and networks use, mothers’ authoritarian parenting was uniquely, albeit weakly, associated to their children’s perpetration and victimization of cyber dating control. Partially in line with our prediction (H1), these results support the expected relation between authoritarian parenting and CDA, but only when mothers’ parenting and the control dimension of CDA were considered. Thus, young adults raised by more authoritarian mothers (who were coercive and controlling, but poorly empathic and warm) tend to replicate and bear controlling practices when interacting online with their partners. According to social learning theory (Bandura, 1977), children who are exposed to controlling parents may view their parents’ behaviors as acceptable or desirable and model their interpersonal behaviors based on them, therefore engaging more controlling behaviors with their partner and tolerating more controlling behaviors by him/her (Curry and Zavala, 2020). Alternatively, attachment theory (Bowlby, 1969) posits that coercive family processes facilitate the development of insecure attachment, which in turn contributes to personality characteristics, such as separation anxiety, partner jealousy, and distrust, which likely increase partner surveillance (Guerrero, 1998; Mikulincer and Shaver, 2010; Buck et al., 2012).

Moreover, mothers’ permissive parenting was uniquely, albeit weakly, associated to their children’s perpetration of cyber dating aggression and victimization of cyber dating control. Young adults raised by permissive parents are less used to be controlled and, because of the few guidelines and limited rules received, tend to be more impulsive, lacking self-regulation and self-control (Patock-Peckham et al., 2001; Piotrowski et al., 2013). These features might expose them to a higher risk of acting aggressively toward their partner not only offline (Pinquart, 2017) but also online, and of overestimating and poorly bearing their partner’s control.

Regarding authoritative parenting, contrary to the literature on offline externalizing and abusive behaviors (Pinquart, 2017), but consistent with a growing line of research that questions the protective role of the authoritative style in relation to cyber aggression (Muñiz-Rivas et al., 2019; Zhang et al., 2021), we found that this parenting style was not uniquely related to children’s CDA perpetration and victimization. Possibly, other variables which were not considered in this study, such as parent-child communication about affective relations and risks and opportunities of new technologies, might moderate the relationship between authoritative parenting and CDA.

Overall, mothers’ authoritarian and permissive parenting practices related more strongly to their children’s involvement in cyber abusive relationships than fathers’ parenting practices. This finding supports our hypothesis (H2) and Muñiz-Rivas et al.’s (2019) results and can be explained by the primary role mothers are expected to play in children rearing, especially in the areas of effective relationships. Indeed, consistent with the dominant gendered expectations and the ideology of “intensive mothering” (Hays, 1996), mothers are, willingly or not, still the primary caregiver in the family (Raley et al., 2012; Carlson et al., 2016) and feel to be the main responsible for their children development and outcomes. Fathers generally have less responsibility for their adolescent children’s discipline, daily care, and recreational activities and are also less involved in their children’s peer relations (Updegraff et al., 2001; Phares et al., 2009). This evidence calls for a more egalitarian upbringing.

The unique relations of mothers’ and fathers’ parenting styles with their children perpetrated and suffered CDA were not moderated by children gender, thereby disconfirming our hypothesis (H3) and suggesting that other factors may explain gender differences in CDA, such as hegemonic masculinity and sexual aggression myths (March et al., 2021). This result is consistent with a recent meta-analysis that found no moderating effect of gender on the relationship between parenting styles and children’s offline externalizing problems (Pinquart, 2017).

Even though not uniquely associated to their children’s CDA, fathers’ parenting styles do interact with mothers’ parenting styles in relating to their daughters’ CDA. Specifically, mothers’ authoritarian style positively related to their daughters perpetrated and suffered cyber control only if fathers were authoritarian; similarly, mothers’ permissive style was positively related to their daughters suffered cyber aggression and control only if fathers were permissive. Consistent with previous evidence (McKinney and Renk, 2008), these findings suggest that congruence in parenting is not necessarily related to beneficial outcomes: when fathers and mothers consistently adopt dysfunctional parenting strategies, their daughters, who usually internalize parents’ standards, values, and viewpoints more than sons do (Zentner and Renaud, 2007), might be exposed to a higher risk of perpetrating and suffering CDA.

Moreover, the mothers’ authoritarian style was positively related to their daughters perpetrated cyber aggression and to their sons suffered cyber control only if fathers were, respectively, permissive and poorly authoritarian. Therefore, in line with previous research (Ruiz-Hernández et al., 2019), parental inconsistency in parenting styles seems to have detrimental implications for the involvement of children in cyber abusive relationships, especially when it combines two dysfunctional parenting styles.

When interpreting these results, several limitations of the study and avenues for future research should be considered. First, the small sizes of effects call for larger and more heterogeneous samples to reach more definitive and generalizable conclusion. Second, the cross-sectional design does not provide information on the direction of effects, to explore the which will be important to collect longitudinal data. Third, the children’s retrospective perceptions of parenting practices may be different from those actually implemented, therefore the use of observational measures or multi-informant reports that assess parenting practices when they display should be preferred in the future. Finally, given that the different families to which daughters and sons belong may be a confounder of the gender differences that emerged, data provided by male and female siblings from the same family should be collected to reach a better understanding of these differences.

Notwithstanding these limitations, this study made significant contributions to the literature on the role of gendered-differentiated family socialization in the development of cyber abusive romantic relationships in young adulthood. In particular, it shows that specific maternal and paternal parenting styles have not only unique but also complex joint relations with cyber dating aggression and control perpetrated and suffered by their children and that these relations significantly differ across sons and daughters. These findings have also interesting practical implications for educational programs aimed at improving parenting style (for a review see Ryan et al., 2017). Specifically, they suggest that such programs might be more effective when they not only involve both parents but also intervene on each parent’s style according to the other parent’s style and to the child’s sex. Our results might also help parents to become more aware of the wide-ranging impact of their parenting practices on children’s offline and online behaviors, and more motivated to get involved in parenting interventions when offered to them.
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FOOTNOTES

1f2 effect sizes of 0.02, 0.15, and 0.35 can be considered small, medium, and large, respectively (Cohen, 1988). However, when interpreting the interaction term’s impact, these cutoffs result overly conservative and are commonly replaced by f2 values of 0.005, 0.01, and 0.025 (Aguinis et al., 2005; Kenny, 2018).


REFERENCES

Aguinis, H., Beaty, J. C., Boik, R. J., and Pierce, C. A. (2005). Effect size and power in assessing moderating effects of categorical variables using multiple regression: a 30-year review. J. Appl. Psychol. 90, 94–107. doi: 10.1037/0021-9010.90.1.94

Associazione Italiana di Psicologia [AIP] (2015). Code of Ethics of the Italian Psychological Association. College Park, MD: AIP.

Bandura, A. (1977). Social Learning Theory. New York: General Learning Press.

Baumrind, D. (1971). Current patterns of parental authority. Dev. Psychol. 4, 1–103. doi: 10.1037/h0030372

Baumrind, D. (1991). The influence of parenting style on adolescent competence and substance use. J. Early Adolesc. 11, 56–95. doi: 10.1177/0272431691111004

Bennet, D. C., Guran, E. L., Ramos, M. C., and Margolin, G. (2011). College students’ electronic victimization in friendships and dating relationships: anticipated distress and associations with risky behaviors. Violence Vict. 26, 410–429. doi: 10.1891/0886-6708.26.4.410

Berkien, M., Louwerse, A., Verhulst, F., and van der Ende, J. (2012). Children’s perceptions of dissimilarity in parenting styles are associated with internalizing and externalizing behavior. Eur. Child Adolesc. Psychiatry 21, 79–85. doi: 10.1007/s00787-011-0234-9

Borrajo, E., Gamez-Gaudix, M., and Calvete, E. (2015). Cyber dating abuse: prevalence, context, and relationship with offline dating aggression. Psychol. Rep. 116, 565–585. doi: 10.2466/21.16.PR0.116k22w4

Bowlby, J. (1969). Attachment and Loss: Attachment, Vol. 1. New York: Basic Books.

Buck, N. M. L., Leenaars, E. P. E. M., Emmelkamp, P. M. G., and van Marle, H. J. C. (2012). Explaining the relationship between insecure attachment and partner abuse: the role of personality characteristics. J. Interpers. Violence 27, 3149–3170. doi: 10.1177/0886260512441258

Buckingham, D., and Willett, R. (2006). Digital Generations: Children, Young People, and the New Media (1sted.). Milton Park: Routledge.

Carlson, D., Hanson, S., and Fitzroy, A. (2016). The division of child care, sexual intimacy, and relationship quality in couples. Gend. Soc. 30, 442–466. doi: 10.1177/0891243215626709

Celsi, L., Paleari, F. G., and Fincham, F. D. (2021). Adverse childhood experiences and early maladaptive schemas as predictors of cyber dating abuse: an actor-partner interdependence mediation model approach. Front. Psychol. 12:623646. doi: 10.3389/fpsyg.2021.623646

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Mahwah, NJ: Lawrence Erlbaum.

Cuccì, G., O’Leary, K. D., Olivari, M. G., Bonanomi, A., and Confalonieri, E. (2019). Adolescent dating violence perpetration, emotion dysregulation, and parenting styles. J. Fam. Psychol. 33, 12–22. doi: 10.1037/fam0000464

Curry, T. R., and Zavala, E. (2021). A multi-theoretical perspective on cyber dating abuse victimization and perpetration within intimate relationships: a test of general strain, social learning, and self-control theories. Vict. Offenders 15, 499–519. doi: 10.1080/15564886.2020.1734996

Darling, N., and Steinberg, L. (1993). Parenting style as context: an integrative model. Psychol. Bull. 113, 487–496. doi: 10.1037/0033-2909.113.3.487

Drauker, C. B., and Martsolf, D. S. (2010). The role of electronic communication technology in adolescent dating violence. J. Child Adolesc. Psychiatr. Nurs. 3, 133–142. doi: 10.1111/j.1744-6171.2010.00235.x

Elsaesser, C., Russell, B., Ohannessian, C. M., and Patton, D. (2017). Parenting in a digital age: a review of parents’ role in preventing adolescent cyberbullying. Aggress. Violent Behav. 35, 62–72. doi: 10.1016/j.avb.2017.06.004

Flach, R. M. D., and Deslandes, S. F. (2017). Cyber dating abuse in affective and sexual relationships: a literature review. Cad. Saude. Publica 33:e00138516. doi: 10.15090/0102-311X00138516

Guerrero, L. K. (1998). Attachment style differences in the experience and expression of romantic jealousy. Pers. Relationships 5, 273–291. doi: 10.1037//0022-3514.72.3.627

Hayes, A. F. (2013). Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach. New York, NY: Guilford Press.

Hays, S. (1996). The Cultural Contradictions of Motherhood. New Haven, CT: Yale University Press.

He, D., Shen, X., Yang, H., and Fan, C. Y. (2017). The e?ect of parenting style on adolescents’ cyber bullying: the mediating role of empathy. China J. Health Psychol. 25, 401–406. doi: 10.13342/j.cnki.cjhp.2017.03.023

Junco, R., and Mastrodicasa, J. (2007). Connecting to the Net.Generation: What Higher Education Professionals Need to Know About Today’s Students. Washington, D.C: NASPA.

Kenny, D. A. (2018). Moderation. Available Online at: http://davidakenny.net/cm/moderation.htm (accessed September 15).

Luk, J. W., Patock-Peckham, J. A., Medina, M., Terrell, N., Belton, D., and King, K. M. (2016). Bullying perpetration and victimization as externalizing and internalizing pathways: a retrospective study linking parenting styles and self-esteem to depression, alcohol use, and alcohol-related problems. Subst. Use Misuse 51, 113–125. doi: 10.3109/10826084.2015.1090453

McKinney, C., and Renk, K. (2008). Differential parenting between mothers and fathers: implications for late adolescents. J. Fam. Issues 29, 806–827. doi: 10.1177/0192513X07311222

March, E., Grieve, R., Clancy, E., Klettke, B., van Dick, R., and Hernandez Bark, A. S. (2021). The role of individual differences in cyber dating abuse perpetration. Cyberpsychol. Behav. Soc. Netw. 24, 457–463. doi: 10.1089/cyber.2020.0687

Martínez, I., Garcia, F., Fuentes, M., Veiga, F., Garcia, O., Rodrigues, Y., et al. (2019). Researching parental socialization styles across three cultural contexts: scale ESPA29 Bi-dimensional validity in Spain, Portugal, and Brazil. Int. J. of Environ. Res. Public Health 16:197. doi: 10.3390/ijerph16020197

Martínez-Ferrer, B., León-Moreno, C., Musitu-Ferrer, D., Romero-Abrio, A., Callejas-Jerónimo, J. E., and Musitu-Ochoa, G. (2019). Parental socialization, school adjustment and cyber-aggression among adolescents. Int. J. Environ. Res. Public Health 16:4005. doi: 10.3390/ijerph16204005

Michiels, D., Grietens, H., Onghena, P., and Kuppens, S. (2008). Parent–child interactions and relational aggression in peer relationships. Dev. Rev. 28, 522–540. doi: 10.1016/j.dr.2008.08.002

Mikulincer, M., and Shaver, P. R. (2010). Attachment in Adulthood: Structure, Dynamics, and Change. New York, NY: Guilford.

Moreno Méndez, J. H., Espada Sánchez, J. P., and Gómez Becerra, M. I. (2020). Role of parenting styles in internalizing, externalizing, and adjustment problems in children. Salud Ment. 43, 73–84. doi: 10.17711/sm.0185-3325.2020.011

Moreno-Ruiz, D., Martínez-Ferrer, B., and Gracìa-Bacete, F. (2019). Parenting styles, cyberaggression, and cybervictimization among adolescents. Comput. Hum. Behav. 93, 252–259. doi: 10.1016/j.chb.2018.12.031

Mumford, E. A., Liu, W., and Taylor, B. G. (2016). Parenting profiles and adolescent dating relationship abuse: attitudes and experiences. J. Youth Adolesc. 45, 959–972. doi: 10.1007/s10964-016-0448-8

Muñiz-Rivas, M., Vera, M., and Povedano-Díaz, A. (2019). Parental style, dating violence and gender. Int. J. Environ. Res. Public Health 16:2722. doi: 10.3390/ijerph16152722

Olivari, M. G., Cuccì, G., and Confalonieri, E. (2017). Stile genitoriale autoritario, giustificazione della violenza e messa in atto di comportamenti di dating aggression. Maltrattam. Abus Infanz. 19, 13–29. doi: 10.3280/mal2017-003002

Patock-Peckham, J. A., Cheong, J., Balhorn, M. E., and Nagoshi, C. T. (2001). A social learning perspective: a model of parenting styles, self regulation, perceived drinking control, and alcohol use and problems. Alcohol. Clin. Exp. Res. 25, 128–1292. doi: 10.1111/j.1530-0277.2001.tb02349.x

Phares, V., Fields, S., and Kamboukos, D. (2009). Fathers’ and mothers’ involvement with their adolescents. J. Child Fam. Stud. 18, 1–9. doi: 10.1007/s10826-008-9200-7

Pinquart, M. (2017). Associations of parenting dimensions and styles with externalizing problems of children and adolescents: an updated meta-analysis. Dev. Psychol. 53, 873–932. doi: 10.1037/dev0000295

Piotrowski, J. T., Lapierre, M. A., and Linebarger, D. L. (2013). Investigating correlates of self-regulation in early childhood with a representative sample of english-speaking american families. J. Child Fam. Stud. 22, 423–436. doi: 10.1007/s10826-012-9595-z

Raley, S., Bianchi, S. M., and Wang, W. (2012). When do fathers care? mothers’ economic contribution and fathers’ involvement in childcare. Am. J. Sociol. 117, 1422–1459. doi: 10.1086/663354

Ramos, M. C., Miller, K. F., Moss, I. K., and Margolin, G. (2017). Perspectivetaking and empathy mitigate family-of-origin risk for electronic aggression perpetration toward dating partners: a brief report. J. Interpers. Violence 18, 1155–1164. doi: 10.1177/0886260517747605

Reed, L. A., Tolman, R. M., and Ward, L. M. (2017). Gender matters: experiences and consequences of digital dating abuse victimization in adolescent dating relationships. J. Adolesc. 53, 79–89. doi: 10.1016/j.adolescence.2017.05.015

Reid, J. B., Patterson, G. R., and Snyder, J. (2002). Antisocial Behavior in Children and Adolescents: a Developmental Analysis and Model for Intervention. Washington, DC: American Psychological Association. doi: 10.1037/10468-000

Robinson, C. C., Mandleco, B., Olsen, S. F., and Hart, C. H. (2001). “The Parenting Styles and Dimensions Questionnaire (PSDQ),” in Handbook of Family Measurement Techniques, Instruments and Index, eds B. F. Permultter, J. Touliatos, and G. W. Holden (Thousand Oaks, CA: Sage), 319–321.

Ruiz-Hernández, J. A., Moral-Zafra, E., Llor-Esteban, B., and Jiménez-Barbero, J. A. (2019). Influence of parental styles and other psychosocial variables on the development of externalizing behaviors in adolescents: a systematic review. Eur. J. Psychol. Appl. Leg. Context. 11, 9–21. doi: 10.5093/ejpalc2018a11

Sargent, K. S., Krauss, A., Jouriles, E. N., and McDonald, R. (2016). Cyber victimization, psychological intimate partner violence, and problematic mental health outcomes among first-year college students. Cyberpsychol. Behav. Soc. Netw. 19:54550. doi: 10.1089/cyber.2016.0115

Smith-Darden, J. P., Reidy, D. E., and Kernsmith, P. D. (2016). Adolescent stalking and risk of violence. J. Adolesc. 52, 191–200. doi: 10.1016/j.adolescence.2016.08.005

Soenens, B., Vansteenkiste, M., and van Petegem, S. (2015). Let us not throw out the baby with the bathwater: applying the principle of universalism without uniformity to autonomy-supportive and controlling parenting. Child Dev. Perspect. 9, 44–49.

Suárez-Relinque, C., Del Moral, Arroyo, G., León-Moreno, C., and Callejas Jerónimo, J. E. (2019). Child-to-parent violence: which parenting style is more protective? a study with Spanish adolescents. Int. J. Environ. Res. Public. Health 16:1320.

Ryan, R., O’Farrelly, C., and Ramchandani, P. (2017). Parenting and child mental health. London J. Prim. Care 9, 86–94.

Tagliabue, S., Olivari, M. G., Bacchini, D., Affuso, G., and Confalonieri, E. (2014). Measuring adolescents’ perceptions of parenting style during childhood: psychometric properties of the parenting styles and dimensions questionnaire. Psicol. Teoria e Pesquisa 30, 251–258.

Updegraff, K. A., McHale, S. M., Crouter, A. C., and Kupanoff, K. (2001). Parents’ involvement in adolescents’ peer relationships: a comparison of mothers’ and fathers’ roles. J. Marriage Fam. 63, 655–668. doi: 10.1111/j.1741-3737.2001.00655.x

Van Ouytsel, J., Torres, E., Choi, H. J., Ponnet, K., Walrave, M., and Temple, J. R. (2017). The associations between substance use, sexual behaviors, bullying, deviant behaviors, health, and cyber dating abuse perpetration. J. Sch. Nurs. 33, 116–122. doi: 10.1177/1059840516683229

Vale, A., Pereira, F., Gonçalves, M., and Matos, M. (2018). Cyber-aggression in adolescence and internet parenting styles: a study with victims, perpetrators and victim-perpetrators. Child. Youth Serv. Rev. 93, 88–89. doi: 10.1016/j.childyouth.2018.06.021

World Medical Association (2013). World medical association declaration of helsinki: ethical principles for medical research involving human subjects. JAMA 310, 2191–2194.

Zentner, M., and Renaud, O. (2007). Origins of adolescents’ ideal self: an intergenerational perspective. J. Pers. Soc. Psychol. 92, 557–574. doi: 10.1037/0022-3514.92.3.557

Zhang, Y., Chen, C., Teng, Z., and Guo, C. (2021). Parenting style and cyber-aggression in chinese youth: the role of moral disengagement and moral identity. Front. Psychol. 12:621878. doi: 10.3389/fpsyg.2021.621878

Zhao, F., and Gao, W. (2012). Reliability and validity of adolescent online aggressive behavior scale. Chin. Mental Health J. 26, 439–444.

Zweig, J. M., Dank, M., Yahner, J., and Lachman, P. (2013). The rate of cyber dating abuse among teens and how it relates to other forms of teen dating violence. J. Youth Adolesc. 42, 1063–1077. doi: 10.1007/s10964-013-9922-8

Zweig, J. M., Lachman, P., Yahner, J., and Dank, M. (2014). Correlates of cyber dating abuse among teens. J. Youth Adolesc. 43, 1306–1321. doi: 10.1007/s10964-013-0047-x


Conflict of Interest: 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Paleari, Celsi, Galati and Pivetti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.








 


	
	
ORIGINAL RESEARCH
 published: 07 April 2022
 doi: 10.3389/fpsyg.2022.794896






[image: image2]

Self-Control Capacity Moderates the Effect of Stereotype Threat on Female University Students’ Worry During a Math Performance Situation

Alex Bertrams1*, Christoph Lindner2,3, Francesca Muntoni2 and Jan Retelsdorf2


1Educational Psychology Lab, Institute of Educational Science, University of Bern, Bern, Switzerland

2Faculty of Education, University of Hamburg, Hamburg, Germany

3Leibniz Institute for Science and Mathematics Education, Kiel, Germany

Edited by:
 Nahia Idoiaga, University of the Basque Country, Spain

Reviewed by:
 Verónica Romero-Ferreiro, Complutense University of Madrid, Spain
 Tobias Tempel, University of Trier, Germany

*Correspondence: Alex Bertrams, alexander.bertrams@edu.unibe.ch 

Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Psychology

Received: 14 October 2021
 Accepted: 09 March 2022
 Published: 07 April 2022

Citation: Bertrams A, Lindner C, Muntoni F and Retelsdorf J (2022) Self-Control Capacity Moderates the Effect of Stereotype Threat on Female University Students’ Worry During a Math Performance Situation. Front. Psychol. 13:794896. doi: 10.3389/fpsyg.2022.794896
 

Stereotype threat is a possible reason for difficulties faced by girls and women in the fields of science, technology, engineering, and mathematics. The threat experienced due to gender can cause elevated worry during performance situations. That is, if the stereotype that women are not as good as men in math becomes salient, this stereotype activation draws women’s attention to task-irrelevant worry caused by the fear of conforming to the negative stereotype. Increased worry can reduce cognitive resources, potentially leading to performance decrements. We argue that such worry is more pronounced immediately after an unrelated self-control demand, which is assumed to temporarily decrease people’s self-control exertion over their attention and stream of thought (i.e., relatively low self-control capacity). This prediction was examined in an experiment conducted with 102 participating university students enrolled in courses in which math plays a crucial role. After the manipulation of self-control capacity (low vs. high), stereotype threat was induced for the female students, but not the male students. Then, the students were asked to report their thoughts during a math performance situation (i.e., written thought protocols) three times. Multiple-group autoregressive path models revealed that when self-control capacity was relatively low, female compared with male students reported more intense worry in the initial two thought protocols. In contrast, in the relatively high self-control capacity condition, female and male students did not differ significantly in their reported worry at any time. These results expand on previous findings, suggesting that threat effects depend on definable situational self-control conditions.

Keywords: gender, self-control capacity, self-regulation, stereotype threat, test anxiety, worry


INTRODUCTION

The underrepresentation of girls and women in the science, technology, engineering, and mathematics (STEM) fields continues to be a concern not only for educators and scientists, but also for society. Gender differences in mathematics and science achievement have been reported in the literature over many decades (Hedges and Nowell, 1995; Reilly et al., 2019). Furthermore, boys also report more positive attitudes toward learning mathematics and science (Else-Quest et al., 2010), and girls report lower self-confidence and greater mathematics anxiety (Beilock et al., 2010). However, researchers are divided on how significant gender differences in mathematics and science are. Some argue that the differences are small but still meaningful (Reilly et al., 2015), while others argue that these differences are very minimal on average or do not exist (Hyde, 2005; Else-Quest et al., 2010). For example, the gender similarities hypothesis, proposed by Hyde (2005), states that males and females are similar on most, but not all, psychological variables, and meta-analytic evidence suggests that girls and boys do not, in fact, perform differently in measures of mathematics achievement (Lindberg et al., 2010). Nevertheless, from an early age, children show rigid gender stereotyping, perceiving mathematics and science as male domains (Plante et al., 2009; Martinot et al., 2012). These negative stereotypes can affect girls’ mathematics performance through the mechanism of stereotype threat (Evans et al., 2011; Tomasetto et al., 2011; Passolunghi et al., 2014). Moreover, it has been found that these gender stereotypes persist into adulthood and are a cross-cultural phenomenon (Nosek et al., 2002).

Stereotype threat has frequently been studied as a possible reason for the weaker engagement, motivation, and performance of girls and women in STEM (Pennington et al., 2016; Spencer et al., 2016). The stereotype that females are less able than males in STEM tasks can cause fear of confirming the stereotype, leading to task-irrelevant worry and even performance degradation in STEM test situations (Schmader and Johns, 2003). To the best of our knowledge, no study has yet examined the moderating situational circumstances of the stereotype threat effect on worry. Addressing this lacuna, in this study, we examine whether worry is more pronounced immediately after an unrelated effortful self-control demand which causes relatively low momentary self-control capacity. To do so, we drew on a university student sample enrolled in courses in which math plays a crucial role. The current study allowed us to extend previous research in at least two ways. First, in addition to previous research focusing on the relation between stereotype threat and worry (e.g., Cadinu et al., 2005), we considered the possible moderating function of students’ self-control capacity. Second, this study augments the existing research on test anxiety and self-control capacity (e.g., Bertrams et al., 2013) by investigating the effect of another origin of threat (i.e., being stereotyped).


Stereotype Threat and the Role of Worry

A growing body of literature has investigated the relation between stereotypes and performance. The most significant work in this area is the research on stereotype threat, which indicates that negative stereotypes hamper the academic performance of stereotyped individuals (Steele and Aronson, 1995; Tempel and Neumann, 2014; Pennington et al., 2016; Spencer et al., 2016). The stereotype threat effect has been characterized as a “psychological predicament in which individuals are inhibited from performing to their potential by the recognition that possible failure could confirm a negative stereotype that applies to their ingroup and, by extension, to themselves” (Schmader, 2002, p. 194). Thus, stereotype threat is viewed as a form of social identity threat.

In their influential paper, Steele and Aronson (1995) noted that the stereotype that African American students have lower academic ability hampered the performance of African American students on academic tests. As African Americans are well aware of the negative stereotypes questioning their intellectual ability, they might fear confirming this stereotype. This fear of stereotype confirmation is considered to occupy the cognitive systems required for optimal performance and therefore leads to low test performance. This study has stimulated numerous subsequent studies investigating the influence of negative stereotypes. For example, when confronted with the negative stereotype about their in-group, women were found to underperform on math tests (e.g., Spencer et al., 1999) and driving tests (Yeung and von Hippel, 2008), older adults were found to underperform on memory tests and cognitive tests (Lamont et al., 2015), and students with lower socio-economic status were found to underperform on intelligence tests (Désert et al., 2009). However, of the many negative stereotypes that have been studied in the context of stereotype threat, the stereotype that women are not as good in mathematics as men is one of the most frequently studied (e.g., Spencer et al., 1999; Schmader, 2002; Tomasetto et al., 2011; Tomasetto, 2019). Research on this topic has shown that women and girls exhibit lower math performance if they are reminded of the negative stereotype about girls and their inferior math ability, but they perform as well as boys if such stereotypes are not made salient before they take a math test.

However, what causes performance declines in stereotype-threatening situations? Stereotype threats do not generally lead to decreased motivation in performance situations. Instead, people experiencing stereotype threat are motivated to disprove negative stereotypes about their social identity (e.g., Nussbaum and Steele, 2007; Vandello et al., 2008) or at least to avoid confirming them (e.g., Brodish and Devine, 2009; Chalabaev et al., 2012). Thus, stereotype threat creates the desire to do well on a given task and disprove the negative stereotypes (Steele and Aronson, 1995). The motivation to disconfirm the stereotype, or to avoid confirming it, represents pressure to succeed; however, high effort cannot always be invested. Instead, higher motivation to do well in stereotype-threatening situations can produce distracting and negative thoughts (Schmader et al., 2008).

According to Schmader et al.’s (2008) integrated process model of stereotype threat, when a negative stereotype becomes relevant to one’s performance, it triggers increased physiological arousal, which impairs working memory operations. Furthermore, stereotyped individuals are busy detecting self-relevant information and signs of failure, which is the second process that puts a strain on working memory. The last process is the suppression of negative thoughts and feelings resulting from the first two processes, which further consumes the working memory capacity necessary for successful performance. Taken together, all three processes described above lead to reduced working memory capacity in tasks requiring cognitive resources, which can lead to uncharacteristically poor performance on a test. In fact, Schmader and Johns (2003) found that priming negative stereotypes reduced women’s memory capacity. Furthermore, they determined that a reduction in working memory capacity mediated the effect of stereotype threat on women’s math performance. These results are in line with the idea that individuals experiencing stereotype threats have negative thoughts, which reduce their working memory capacity. Numerous studies conducted subsequently demonstrated negative cognition in stereotype threat situations, such as negative expectancies and thoughts (Cadinu et al., 2005) and task-related worry (Beilock et al., 2007; Gerstenberg et al., 2012). To concentrate on a test, these worry thoughts need to be ignored, which consumes cognitive resources.

Applied to the field of women in math, this means that if the stereotype that women are not as good as men in math becomes salient in a test situation, this stereotype activation draws women’s attention to task-irrelevant worry caused by the fear of conforming to the negative stereotype. Increased worry then reduces cognitive resources, thus degrading performance. In fact, in previous studies, women who were told that gender differences in math exist (i.e., stereotype threat) not only performed worse, but also reported having more negative thoughts about math compared with a control group (Cadinu et al., 2005; Beilock et al., 2007; Gerstenberg et al., 2012). In particular, Cadinu et al. (2005) asked a group of female university students to complete a difficult math test under stereotype threat or in a no-threat (control) condition. During the task, the women were asked to list any thoughts that came to their mind immediately before solving each of the seven difficult math problems. The authors predicted, inter alia, that individuals under stereotype threat would report more worry thoughts and show a decrease in performance compared with those under the control condition, and that worry would mediate the negative effects of stereotype threat on performance. As predicted, Cadinu et al.’s study found that women under stereotype threat reported more worry thoughts related to the test and showed a sharp decrease in performance compared with those in the no-threat condition. More importantly, performance degradation was mediated by an increase in worry. Therefore, they concluded that negative performance-related thoughts can consume working memory capacities to impede performance.

Similarly, Beilock et al. (2007) found that stereotype threat resulted in a greater proportion of task-related worry. Furthermore, this relation was attributed to the consumption of working memory resources. In another study conducted by Gerstenberg et al. (2012), female university students were asked about their current thoughts before the math test, but after the stereotype manipulation. They showed the highest level of worry thoughts (e.g., “I ask myself whether my performance will be good enough.”) when the stereotype threat was activated. Moreover, as has been shown by other researchers (e.g., Cadinu et al., 2005; Beilock et al., 2007), performance-inhibiting worry mediated the stereotype threat effect.

In summary, as Schmader et al.’s (2008) integrated process model suggests, if attention shifts away from the task, it is because people are having (negative) thoughts about their performance. Thus, in stereotype-threatening situations, distracting worry thoughts reduce the cognitive resources required to successfully elaborate task-relevant information.



Self-Control Capacity in Test Situations

Self-control is defined as the mental capacity that enables people to override, inhibit, or modify their impulses, emotions, thoughts, and behaviors and to bring them in line with standards and personally endorsed overarching goals (e.g., Baumeister et al., 2007). Studies in different fields of psychological research have provided evidence that dealing with initial self-control demands briefly undermines an individual’s cognitive capacities that are required for subsequent working memory operations, regulating thoughts and emotions, and focusing attention in a goal-directed manner (Baumeister and Vohs, 2016). There is an ongoing debate regarding which mechanism underlies the effect of self-control-dependent performance decrements (e.g., Kurzban et al., 2013; Bertrams, 2020); in this regard, some authors have associated the detrimental effects of initial self-control on subsequent operations with mental fatigue or exhaustion (e.g., Job et al., 2010; Bertrams, 2020). It is also debated whether such an exhaustion effect of self-control exists at all (e.g., Englert and Bertrams, 2021). However, there is reasonable theory and empirical evidence for the existence of a varying self-control capacity, and many researchers have agreed that self-control cannot always be maintained in cognitively demanding situations (Baumeister and Vohs, 2016; Garrison et al., 2019; Bertrams, 2020; Dang et al., 2020).

In achievement tests, the exertion of self-control is required for cognitive processing as well as for focusing on the items’ content over longer periods while inhibiting distractions (e.g., negative thoughts). More precisely, executive functions [i.e., updating of working memory, inhibiting impulses, and shifting between mental sets; (Miyake et al., 2000)] seem to be key ingredients for successful self-control in achievement situations (Hofmann et al., 2012). Students with low compared with high levels of self-control capacity perform worse in working memory (Schmeichel, 2007), logical reasoning, and mental arithmetic tasks (Schmeichel et al., 2003).

Englert and Bertrams (2017) showed that eighth graders’ knowledge retrieval was undermined when their self-control capacity was briefly depleted in a previous unrelated self-control demanding task. This result indicates the relation between low self-control capacity and low working memory capacity, two ingredients that are required for working focused on item content, especially in science and math tests. In line with this assumption, Lindner et al. (2019) found that students with low working memory capacities showed an early onset of rapid-guessing behavior (i.e., unrealistic fast responses to test items) over the course of a science test, indicating a reduction in students’ test-taking efforts. In another study (Lindner et al., 2017), students with lower self-control capacity showed stronger progressive performance declines over the course of a computer-based mathematical problem-solving test compared with individuals with higher levels of self-control capacity. It can be assumed that the performance decrements were due to an increasing number of distracting thoughts, which could not be regulated effectively during the testing procedure.

As mentioned above, self-control capacity is also required for regulating negative emotions and thoughts. Consistent with this notion, Lindner and Retelsdorf (2020) found that students who perceived themselves as having lower levels of actual self-control capacity subsequently showed lower scores in an English as a foreign language test and reported more cognitive interruptions due to distracting thoughts. More directly related to threat and related worry during test situations, Bertrams et al. (2013) showed that test-anxious students who are more susceptible to experiencing threat were distracted more frequently by anxiety-related worry thoughts and, therefore, performed worse in an arithmetic test. However, the relational pattern among test anxiety, worry, and performance was found only in individuals whose self-control capacity had initially been experimentally impaired, not in individuals whose self-control capacity was intact.



Present Research

Based on previous research, we assumed that the fear of stereotype confirmation can occupy the capacity of the cognitive system, and stereotype-threatening situations might trigger distracting and negative thoughts (Schmader et al., 2008). However, stereotype threat during evaluative situations should be more strongly related to distracting worry thoughts when the self-control capacity is momentarily lower compared with being intact. This pattern resembles Bertrams et al.’s (2013) findings on test anxiety, self-control capacity, and worry, as test anxiety is considered to be associated with the experience of threat (Spielberger and Vagg, 1995). However, unlike the existing research, we examined the effect of another cause of threat (i.e., being stereotyped) than trait test anxiety on worry with regard to self-control capacity.

More precisely, we examined the moderating influence of self-control capacity on gender stereotype threat in predicting the development of worry thoughts prior to and during an evaluative math test. For this reason, we invited female and male students, all of whom studied math at a German university, to the lab. The self-control capacity was impaired in the experimental condition and left intact in the control condition. In addition, we induced stereotype threat for all female but not male participants through standardized test instruction. Then, the participants reported their thoughts three times (after the stereotypical test instruction and after each half of a brief alleged test of mental arithmetic abilities). We assumed that being female is associated with higher worry in the present performance situation (Cadinu et al., 2005). However, based on previous research (Bertrams et al., 2013), we predicted that the relation between gender and worry would be more pronounced when self-control capacity is low compared with high.




MATERIALS AND METHODS


Participants

Overall, 104 undergraduates enrolled in studies related to math (business mathematics or teaching training for math in schools) at a German university participated. None of them correctly guessed the true purpose of this study, but two indicated that they did not speak German fluently. As all materials in this study were presented in German, we decided prior to the analyses not to include their data. Thus, the final sample comprised 102 students (58% female; Mage = 21.70, SDage = 2.29). The participants were randomly assigned to either the low (n = 50; n = 29 female, 21 male) or the high (n = 52; n = 30 female, 22 male) self-control capacity groups. The sample size decision was based on Simmons et al.’s (2011) recommendation to collect at least 20 participants per group, a recommendation that was a common guideline at the time the present data were collected (i.e., 2014).

Negative stereotypes about math abilities might not affect individuals who are not skilled or to whom math is essentially unimportant (Steele, 1997). However, the participants’ answers on their math skills (M = 6.13, SD = 1.33) and personal importance to be good at math (M = 6.51, SD = 1.88) indicated sufficiently high math-related skills and relevance, as they were above the midpoint of nine-point scales (Beilock et al., 2007). Moreover, the mean final grade from the secondary school (German Abitur; M = 1.82, SD = 0.54) indicated a high cognitive ability in this sample, given that it strongly diverged from the average Abitur grade in Germany in each of the 15 years from 2006 to 2020 (means interval = [2.37, 2.52], ps < 0.001, ds > 1.02, one-sample t-tests; note that lower numbers indicate higher performance in the German grading system; the German average Abitur grades were retrieved from Sekretariat der Ständigen Konferenz der Kultusminister der Länder in der Bundesrepublik Deutschland, 2022, January 7).



Procedure

Participation lasted 25–30 min and occurred in a university laboratory room. After giving informed consent, the participants completed a “questionnaire about mathematics,” which included the measure of math-related trait test anxiety, one item on self-rated math ability, and another item on the personal relevance of math. Next, the manipulation of self-control capacity was performed. After that, the participants answered the manipulation check, a measure of self-competence, and a mood scale. This was followed by instructions for the math test and an explanation of the thought protocols. The explanation of the thought protocols also included the induction of stereotype threat for the female participants. Subsequently, the participants were asked to fill in the first thought protocol. After that, they worked on a brief math test that was interrupted by a second thought protocol. After the second part of the math test, the participants completed a third thought protocol. Then, the participants answered a questionnaire on their demographic data. The questionnaire also included items on their motivation to perform well during the math test as well as questions on the school-leaving grade, German-language ability, and hypothesis suspicion. Finally, the participants were thanked, debriefed, and either received course credit or €4 in exchange for their participation.



Materials


Manipulation of Self-Control Capacity

We applied a manipulation task from previous research (e.g., Bertrams et al., 2010; Dummel and Rummel, 2016; Wiesner and Lindner, 2017). All participants were asked to transcribe a historical text about a German city. The text was free from threat-related content (e.g., battles, war, and fear). While the high self-control capacity group transcribed the text as it was (i.e., without further instructions), the low self-control group was instructed to always omit the frequent letters “e” and “n.” Thus, only the participants in the latter group had to volitionally override their elaborated writing habits and reduced their momentary self-control capacity by this self-control exertion. An English translation of this task is provided in the supplemental material of Bertrams et al. (2015). The experimenter stopped the participants after 6 min and asked them to put the sheet in a prepared concealing desk tray to remain blind to the experimental condition.



Induction of Stereotype Threat

All participants received a sheet explaining how to work on the thought protocols. The stereotype threat for the female participants was integrated into this instruction. It was claimed that the present research was about the cognitive processes that might explain why males have ostensibly been found to consistently perform better in math than females in the educational field, as well as in standardized lab tests. Thus, the instruction highlighted gender differences to the disadvantage of females. Such procedures have been extensively used to induce stereotype threat (e.g., Cadinu et al., 2005; Beilock et al., 2007).



Math Performance Situation

The participants received a single sheet presenting 20 arithmetic tasks in a row on the left. Each task comprised an initial subtraction, followed by a division. Examples are “(43–27): 8 =,” “(41–23): 4 =,” and “(43–27): 7 =.” Next to each task were 18 columns for indicating the solution by checking one box: “1,” “1 with remainder,” “2,” “2 with remainder,” … “9 with remainder.” We used this unusual arithmetic performance task, as this study did not focus on performance but on worry thoughts. Therefore, we made an effort to standardize the performance situation as much as possible (e.g., by making it unlikely that participants would use and focus on notes to facilitate mental calculation). The instruction for the performance task was to work as quickly as possible, as the working time was limited to 90 s, as well as to avoid wrong solutions. There were two performance blocks (i.e., two single sheets with 20 tasks each) located among the three thought protocols. For each block, the participants were stopped by the experimenter after 90 s.



Worry During the Math Test (Thought Protocols)

The participants were asked to write down on a lined sheet anything they could remember that went through their mind during the last half minute (first thought protocol)/while working on the block of math tasks they had just worked on (second and third thought protocols). Two independent judges rated the number of test-related worry thoughts mentioned in each thought protocol (Cadinu et al., 2005). The inter-rater reliabilities for the number of worry thoughts reported in the first, second, and third thought protocols were satisfying: ICCs = 0.78, 0.90, and 0.87, respectively, all ps < 0.001. The same was true for inter-rater reliabilities regarding the provided overall number of thoughts: ICCs = 0.96, 0.95, and 0.94, respectively, all ps < 0.001. Therefore, we averaged the two judges’ counts for each measurement time. Conforming with previous research (e.g., Beilock et al., 2007), we adjusted each individual’s number of worry thoughts to the individual overall number of thoughts separately for each measurement time. The resulting proportions were the three dependent variables of the extent of worry at the three measurement times.

We also asked the participants to write next to each thought the percentage of the overall time they spent on the respective content. This explorative measure, to the best of our knowledge, has not been applied in the past. As we received estimates that exceeded 100%, we had doubts about the usefulness of this measurement and decided not to analyze the respective responses further.



Self-Reports

We applied a brief version of the Test Anxiety Inventory-German (Wacker et al., 2008). With nine items, the susceptibility to experience of worry and emotionality during math test situations was assessed (e.g., “I am thinking about the consequences of possible failure,” and “My heart is pounding.”). The answers were given on a four-point Likert scale ranging from almost never (1) to almost always (4). McDonald’s omega was found to be 0.86.

The manipulation check comprised three items that have been previously used (Bertrams and Englert, 2014): “How effortful did you find the transcription task?,” “How difficult did you find it to execute the transcription task?,” and “How much did you suppress your usual writing habits during the transcription task?” McDonald’s omega across these three items was 0.58. In addition, the participants indicated on one item their self-perceived success regarding the transcription task (Bertrams and Englert, 2014): “How much did you succeed in performing the transcription task?” This measure was used to estimate whether the task could unintentionally influence perceptions of self-competence. These four items were completed on a seven-point Likert scale ranging from not at all (1) to very much (7).

The participants also completed the 10-item Positive and Negative Affect Schedule (Mackinnon et al., 1999). Five items were momentary positive affect (e.g., “inspired”), and the other five items were momentary negative affect (e.g., “afraid”) measured on a scale ranging from not at all (1) to extremely (5). In the present study, McDonald’s omega was 0.74 for positive affect and 0.64 for negative affect.

With two items obtained from Beilock et al. (2007), self-perceived math skills (“I am good at math.”) and the importance of math (“It is important to me that I am good at math.”) were measured at the beginning of the experimental procedure. Answers were given on a scale ranging from does not apply at all (1) to does completely apply (9). Moreover, to estimate overall academic skills, we asked for the average final grade from secondary school (German Abitur), with 1.0 as the best possible grade in Germany. Math achievement is an integral part of the German final secondary school grade.

For each of the two performance blocks, the participants indicated their motivation behind the respective performance block on two items (“I made an effort to solve as many math problems as possible,” and “I have made an effort to avoid incorrect answers.”). The participants responded to the items on a seven-point Likert scale ranging from does not apply at all (1) to does completely apply (7).





RESULTS


Preliminary Analyses

With a series of two-way ANOVAs, we performed several comparisons among the four groups, resulting from crossing gender (female vs. male) with the self-control capacity condition (low vs. high). In the present specific sample of math students, math-related trait test anxiety did not vary in dependence on gender, self-control capacity condition, or their interaction (ps > 0.12). Therefore, we did not incorporate trait test anxiety into the model structures we empirically tested. Furthermore, there were no differences with respect to gender, self-control capacity condition, or their interaction in the self-reported motivation during the performance blocks (ps > 0.48).

As revealed by another two-way ANOVA with the factors gender and self-control capacity condition, the manipulation check indicated that the participants in the low compared with the high self-control capacity condition exerted more self-control during the transcription task (M = 4.03, SD = 1.11 vs. M = 2.85, SD = 0.99, F[1, 98] = 29.56, p < 0.001, [image: image] = 0.23). There were no group differences in the manipulation check as a function of gender or the interaction between gender and the self-control capacity condition (ps > 0.28). As expected, there was no difference in positive or negative mood immediately after the self-control capacity manipulation in dependence on gender, self-control capacity condition, or their interaction (ps > 0.18; two-way ANOVA). These results suggest that the self-control capacity manipulation was successful, while it did not unintentionally affect mood.

Diverging from previous research (e.g., Bertrams et al., 2013), a two-way ANOVA yielded an unexpected interaction between gender and the self-control capacity condition with respect to the item responses on self-perceived competence during the transcription task (F[1, 98] = 8.00, p = 0.006, [image: image] = 0.08). There was also a main effect of the self-control capacity group (F[1, 98] = 6.25, p = 0.01, [image: image] = 0.06), but no main effect of gender (p = 0.20). To interpret the significant interaction, we conducted independent samples t-tests. For female university students, self-perceived competence was lower in the low compared with the high self-control capacity condition (M = 4.28, SD = 1.07 vs. M = 5.47, SD = 1.04, t[57] = −4.34, p < 0.001, d = −1.13). This was not true for male university students (M = 4.62, SD = 1.02 vs. M = 4.55, SD = 1.34, t[41] = 0.20, p = 0.84, d = 0.06). Moreover, female compared with male university students reported higher perceived competence in the high self-control capacity condition (M = 5.47, SD = 1.04 vs. M = 4.55, SD = 1.34, t[50] = 2.80, p = 0.007, d = 0.79), but not in the low self-control capacity condition (M = 4.28, SD = 1.07 vs. M = 4.62, SD = 1.02, t[48] = −1.14, p = 0.26, d = −0.33). However, perceived competence was neither for female nor for male university students within any of the self-control capacity groups correlated with worry at any time of measurement (ps > 0.15). Moreover, including perceived competence as covariate did not change the findings obtained for the more parsimonious model without this covariate (see “Main Analyses”). This suggests that any relation between gender and worry was not attributable to the possibility that the transcription task caused lasting group differences in perceived competence.



Main Analyses

To test our hypotheses regarding the prediction of worry by gender in different experimental conditions, we relied on multiple-group autoregressive path models. Therefore, we estimated the model depicted in Figure 1. This approach allowed us to directly test the moderation of the path coefficients from gender to the three worry variables at each time point by the experimental condition (low vs. high self-control capacity). Therefore, we applied the Wald test for each standardized path coefficient to determine whether it differed significantly between the two experimental conditions, indicating a moderation of the path by the participants’ state of self-control capacity. As our model comprised manifest variables and all possible relations between the variables were allowed, our model was saturated with df = 0, and no model fit statistics could be calculated. The model was estimated using Mplus 8.4 (Muthén and Muthén, 2017) and applying a robust maximum likelihood estimator.
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FIGURE 1. Multiple-group autoregressive path model including gender as a covariate. Top: High self-control capacity condition. Bottom: Low self-control capacity condition. Coding of gender: 0 = male, 1 = female. T1/T2/T3 = first/second/third measurement times. Presented are standardized path coefficients. Dotted lines differ significantly between the two conditions. N = 102. ***p < 0.001, **p < 0.01, *p < 0.05, +p < 0.10, ns = nonsignificant.


The means and standard deviations for the worry measures are presented in Table 1. As shown in Figure 1, in the high self-control capacity condition, there were no significant relations between gender and worry at any measurement time. In contrast, in the low self-control capacity condition, gender significantly predicted worry at the first and second measurement times (i.e., female university students reported more worry than male university students), but not at the third time. The path from gender to worry at the second measurement time (i.e., immediately after the first 90-s experience with the performance situation) was significantly different between the low and high self-control capacity conditions (Table 2).



TABLE 1. Means and standard deviations (in parentheses) of reported worry at the three times of measurement, separated by self-control capacity condition and gender.
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TABLE 2. Significance of differences in standardized path coefficients between the high and low self-control capacity conditions.
[image: Table2]



Auxiliary Analyses

In the high self-control capacity condition, the worry measures at the different measurement times were significantly related to each other, except for the worry at the second and third measurement times (Figure 1). This was different in the low self-control capacity condition, where worry at the first measurement time was not significantly related to worry measures at the second and third times. However, the moderation of these relations among the worry measures by the self-control capacity condition was not significant (Table 2).

We also applied multiple-group autoregressive path models to examine whether performance was predicted by gender in different experimental conditions (see the model depicted in Figure 2). In contrast to the high self-control capacity condition, there was a significant path from gender to performance at the first measurement time in the low self-control capacity condition (Figure 2), suggesting that the performance of female compared with male university students was lower only when self-control capacity was low. However, this path as well as the other paths in the model were not significantly different between the two self-control capacity conditions (Table 3). In neither of the two self-control capacity conditions was gender predictive of performance at the second measurement time.
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FIGURE 2. Multiple-group autoregressive path model including gender as a covariate. Top: High self-control capacity condition. Bottom: Low self-control capacity condition. Coding of gender: 0 = male, 1 = female. T1/T2 = first/second measurement times. Presented are standardized path coefficients. Dotted lines differ significantly between the two conditions. N = 102. ***p < 0.001, **p < 0.01, *p < 0.05, +p < 0.10, ns = nonsignificant.




TABLE 3. Significance of differences in standardized path coefficients between the high and low self-control capacity conditions.
[image: Table3]




DISCUSSION


Present Findings

The present experiment aimed to show that situational differences in the capacity to exert self-control can determine how strongly stereotype threat is associated with worry in female university students during math test situations. We found some supporting evidence for this prediction; however, the pattern we obtained requires closer examination. In line with our assumption and previous studies on test anxiety (Bertrams et al., 2013), the only significant paths from gender to the extent of worry emerged in the experimental condition in which the self-control capacity was relatively low. In this case, female university students reported more worry than their male counterparts. This is unsurprising, as the female but not the male participants in our study received threatening instruction with respect to the math performance situation. In contrast, we did not find any significant gender–worry relations in the high self-control capacity condition. This finding can be interpreted such that stereotype threat has adverse effects on cognition, as has been theorized and empirically demonstrated in the past (Cadinu et al., 2005; Schmader et al., 2008). However, such stereotype threat effects are controllable and repressible. When their self-control capacity is intact, individuals can deliberately focus their stream of thought on ongoing tasks, also directing them away from threat-related worry. This effect was mostly pronounced in the middle of the performance situation (i.e., at the second measurement time). For the worry that was reported between the two performance blocks and referred to the first experience with the math tasks, the relation between gender and worry was significantly different for the two self-control capacity conditions.

The experimental conditions did not significantly differ in the relation between gender and worry at the first measurement time, even though the significance and non-significance of this relation in the low and high self-control capacity conditions, respectively, confirmed our expectations. In the high self-control capacity condition, the female university students could initially have experienced some threat that did not build up to a full stereotype threat effect but nevertheless increased the gender–worry relation. Note that at the first measurement time, the students had already been confronted with the stereotype instruction but had not yet seen the math tasks; therefore, uncertainty about what to expect is likely to have contributed to a threat experience. As a result, the difference between the two experimental conditions in the model path at the first measurement time might not have been large enough to reach statistical significance. The influence of uncertainty then vanished after the math tasks had been received, leading to a significant difference in the stereotype threat effect at the second measurement time.

Even in the low self-control capacity condition, the threatened female participants did not experience more worry than the non-threatened male participants at the third measurement time. There are at least two possible explanations for this finding. First, the third thought protocol was placed after the second performance block (i.e., when the performance situation had already ended). Although the instruction for the thought protocol was to report the thoughts during the second math block, it seems reasonable to assume that some worried female participants were relieved about the end of the performance situation. This relief might have biased the third thought protocol. Second, the stereotype threat effect could have declined during the math performance situation due to factors such as habituation. Similarly, in Cadinu et al.’s (2005) study, the relation between stereotype threat and worry during the second half of a math performance situation was relatively low compared with the first half. At the moment, we cannot determine whether the lack of a stereotype threat effect at the third measurement time was caused by a methodological problem or represents a typically occurring pattern.

We obtained an interesting pattern of relations for the stabilities between the worry measures at different measurement times. In the high self-control capacity condition, the worry measures at the first but not the second measurement time predicted worry at the third measurement time. One explanation is that worry at the second measurement time did not incrementally add even more worry beyond the amount of worry at the first measurement time. However, why was worry at the first measurement time unrelated to the worry measures at the other two times in the low self-control capacity condition? Unfortunately, we cannot answer this question satisfactorily, but suspect that a qualitative shift in worry occurred as a result of contact with the math tasks of the first block. Over and above the stereotype threat, some individuals could have been perturbed just by the announcement of a performance situation. Given their momentary lack of self-control capacity to regulate their negative experiences, this might have impacted their reports of worry regarding the period during and immediately after the announcement (i.e., the thought protocol at the first measurement time). After the first confrontation with the performance situation was made (i.e., at the second measurement time), this influence of diffuse expectations might have ceased. Instead, at the second measurement time, the participants’ perception of how they were going to actually deal with the performance situation determined the worry. Thus, some individuals may have experienced the actual performance situation as less alarming than expected, and vice versa; others may have seen their expectations as confirmed, overall resulting in the lack of a relation between the worry measures at the first and second measurement times.



Implications

The present findings extend knowledge about the moderating situational circumstances under which stereotype threat can be harmful. Exerting self-control during an unrelated demand can apparently undermine personal resistibility against self-threatening information in subsequent performance contexts. Therefore, it is advisable not to place self-control requirements in advance of important performance situations, particularly for individuals who are at risk of being stereotyped, as we recreated in the present study for females in the context of math. Possibly, similar effects are at work for males in the context of language-related tasks (Bedyńska et al., 2021; but see Chaffee et al., 2020). Viewed from a positive perspective, the present findings also indicate that stereotyping information may not, in any case, be irritating for the individuals concerned. Momentary self-control capacity might thus be a moderator variable, which can explain why there are numerous studies that found stereotype threat effects, while others did not replicate this finding (e.g., Chaffee et al., 2020; McGuire et al., 2021). In general, unconsidered moderator variables have been argued to be one crucial reason for inconsistent findings (e.g., Bertrams et al., 2013; Stroebe and Strack, 2014).

Furthermore, this study complements the research on self-control capacity and test anxiety (Bertrams et al., 2013). It was previously found that the relation between anxiety (instead of stereotype threat) and worry during a performance situation was moderated by momentary self-control capacity. When self-control capacity was relatively intact, trait test anxiety and worry during the performance situation were unrelated; however, when the self-control capacity was reduced by an unrelated previous self-control demand, higher trait test anxiety was associated with a more pronounced experience of distracting worry in the subsequent performance situation. Thus, across different studies, we found a pattern that was largely consistent across various threats (i.e., threat caused by trait test anxiety as a personality variable and threat caused by stereotype activation for a specific group). In this regard, in the present study, trait test anxiety did not differ among gender, self-control capacity condition, or their combination. In summary, there is accumulating evidence that self-control is important in potentially threatening performance contexts.



Limitations and Future Research

Differences in perceived competence that we unexpectedly found in dependence of gender and self-control condition may constitute an alternative explanation for our results. However, when incorporated as covariate, perceived competence did not change the findings. In addition, perceived competence did not predict worry at any time of measurement for any combination of gender and self-control capacity condition. Therefore, we assume that our results were not caused by differences in perceived competence. Still, further in-depth research may shed more light on the role of perceived competence. In this respect, it may be relevant that previous research has usually revealed no effects of the applied self-control capacity manipulation on perceived competence (e.g., Bertrams et al., 2013), but there is also initial evidence that self-control capacity manipulations affected self-efficacy (Graham et al., 2017), a variable that has some conceptual overlap with perceived competence.

In this study, we focused on a direct effect of the presence of a gender stereotype: worry (Schmader et al., 2008). For this reason, we embedded our dependent variable measure into a performance situation with math tasks. The presentation of these tasks was intended to frame the worry measures. Therefore, the math tasks were highly standardized in two blocks with an unusual response format and applied within a short time limit. In other words, our primary interest was not to find a reliable and valid performance measure. Actually, we think that the applied performance task is not appropriate or useful to draw conclusions about effects on real performance, for instance, because the time limit was much too short to represent a test with sufficient construct validity (see Lu and Sireci, 2007). While the chosen procedure may have been useful for measuring and analyzing the central variable of worry, it also implies a limitation of our study, namely, that we could not determine the impact of stereotype threat on performance. Indeed, no such empirical evidence was found in the present study. In future studies, the effects of a combination of self-control capacity and stereotype threat on performance should be addressed directly. In this regard, we think that measuring performance while thought protocols are embedded would not be ideal, as the interruptions may have uncontrolled effects on performance measurement. Instead, we recommend using a multistep experimental approach to detect a causal chain (Spencer et al., 2005).

Given the means of the worry measures, it cannot be ruled out that self-control capacity moderated a stereotype lift effect (Walton and Cohen, 2003), rather than a stereotype threat effect. Possibly, the stereotype threat instruction we used may have increased confidence and reduced worry in the male participants. At the moment, however, we cannot provide a theoretical basis beyond pure speculation as to why low self-control capacity would facilitate the stereotype lift effect. Basically, the assumption that low compared to high self-control capacity would be associated with lower worry during test situations contradicts previous reasoning (e.g., Bertrams et al., 2013). The potential interplay between self-control capacity and stereotype lift could still be a promising subject for future examination.

The present research can also be challenged by the ongoing debate on whether individuals’ self-control capacity is actually reduced after initial self-control exertion. Some authors deny the view that initial self-control detrimentally affects subsequent self-control and cognition (e.g., Carter et al., 2015), while others defend it (e.g., Baumeister et al., 2020; see also Englert and Bertrams, 2021). We believe that discussing and investigating the underlying mechanisms and potential moderator variables regarding situational fluctuations in self-control capacity is an appropriate way forward (e.g., Bertrams, 2020, 2021). In the present study, we found an effect of our manipulation of self-control capacity on worry; however, there might be different ways to interpret it. For instance, the manipulation might have undermined self-control by exhausting a self-regulatory resource (Baumeister et al., 2007) or by activating the cognitive concepts of fatigue and energy saving (Bertrams, 2020). Future research can determine in more detail when and how self-control exertion can harm subsequent self-control. These insights can advance the understanding of our findings and how interventions based on them can be optimally designed.

To conclude, the results from the present study represent a step toward understanding the conditions of females’ underachievement in math under stereotype threat. By explicitly showing the moderating function of students’ momentary self-control capacity in the relation between stereotype threat and worry, our study contributes to a deeper understanding of the mechanisms of stereotype threat.
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Stereotypes of girls having weaker mathematical abilities than boys (math-gender stereotypes) are one factor reducing women’s representation in mathematics. Teachers, as powerful socializers, often hold math-gender stereotypes. Reducing math-gender stereotypes in (student) teachers thus may foster women’s representation in mathematics. Yet knowing the stereotypes’ underlying assumptions is crucial to reducing it. Do math-gender stereotypes reflect elaborate, disproven theories about gender differences in math, meaning math-gender misconceptions? And if so, which math-gender misconceptions are behind math-gender stereotypes? This is the focus of the present research. The relevant literature implies the existence of three distinct misconceptions: (1) empathizing-systemizing (“As girls think rather empathically and boys think rather systematically, boys are on average more talented in math than girls”), (2) girls’ compensation (“To achieve equally good grades in mathematics, boys have to make less effort because they are more talented than girls are”), and (3) girls’ non-compensability (“Despite their on average stronger effort, girls are normally less proficient in math than boys”). We assessed these misconceptions in a student teacher sample (N = 303) using our newly developed Math-Gender Misconceptions Questionnaire. Our results offer support for the expected three-factor structure of math-gender misconceptions. All three math-gender misconceptions showed good to acceptable scale reliabilities. On average, preservice teachers did not hold (strong) math-gender misconceptions. But a subgroup of 48.2% of preservice teachers held at least one of the three misconceptions. The empathizing-systemizing misconception was the most prevalent (32.0%) among the three misconceptions. Descriptively, endorsing the math-gender stereotype correlated most strongly with the empathizing-systemizing (r = 0.43) and the girls’ compensation misconception (r = 0.44). This may indicate that especially these two misconceptions partly underlie math-gender stereotypes. As a consequence, refutation instructions designed to reduce these misconceptions may be a promising method to weaken math-gender stereotypes. Further research is needed to investigate to what degree reducing the present misconceptions is related to reducing math-gender stereotypes. Hence, this study is the first one of a planned series of studies on the relation between math-gender misconceptions and math-gender stereotypes.

Keywords: stem education, misconceptions, questionnaire, teacher education, math-gender stereotypes


INTRODUCTION

Stereotypes of girls having weaker mathematical abilities than boys (math-gender stereotypes) are widely prevalent in Western societies (Nosek et al., 2010). Math-gender stereotypes reduce girls’ interest, motivation, and performance in math, and lead to women being less likely to pursue mathematical professions (e.g., Wang and Degol, 2017). Teachers, as powerful socializers, also endorse math-gender stereotypes (e.g., Gunderson et al., 2012). Reducing math-gender stereotypes in (student) teachers thus seems a promising way to foster the representation of girls and women in mathematics. However, to address these stereotypes effectively, we must know about their nature and underlying assumptions. Do math-gender stereotypes reflect elaborate, yet disproven, theories about gender differences in mathematical abilities, that is, misconceptions (e.g., Eitel et al., 2021)? And if so, which misconceptions about mathematical abilities exist? We aim to answer these questions in the present research. This is important, because such misconceptions do not dissipate on their own – instead, overcoming them requires specific instructions in teacher education (refutation texts; Eitel et al., 2019; Menz et al., 2021).

In the literature, we identified three potential misconceptions associated with math-gender stereotypes about mathematical abilities: First, boys are assumed to be inherently better in math, because they supposedly think more systematically than girls, whereas girls think more empathically (Baron-Cohen, 2005; for disprove, see Escovar et al., 2016). Secondly, girls are assumed to succeed as well as boys in math only because they are hardworking, whereas boys are simply talented. This belief was detected in teachers and other socializers (Tiedemann, 2002; Robinson-Cimpian et al., 2014; Sáinz et al., 2020). Thirdly, if mathematical abilities are perceived as fixed (for theories of fixed and growth mindset and their influence on learners, see Dweck, 1999; Gunderson et al., 2017) and girls are ascribed less mathematical talent, then girls would be unable to compensate for their poorer mathematical abilities. In this study, we developed the Math-Gender Misconception Questionnaire (MGMQ) to investigate to what degree these three potential misconceptions are empirically separable, present in a student teacher sample, and linked to related constructs such as fixed mindsets of math ability (e.g., Leslie et al., 2015). Note that this study is the first of a planned series of studies on the relation between math-gender misconceptions and math-gender stereotypes.


Gender Stereotypes About Mathematical Abilities

There is evidence that girls’ – and boys’ mathematical abilities are not inherently different (Lachance and Mazzocco, 2006; Kersey et al., 2019). However, with age, math-gender differences favoring male students emerge in some countries (Else-Quest et al., 2010). These gender differences are relatively small compared to other performance differences (e.g., caused by economic status; Bloom et al., 2008). Further, such differences are usually found in older learners (e.g., Reilly et al., 2015) already influenced by societal gender attitudes (Eliot, 2010). Accordingly, gender differences are mediated by sex-role identity and related to cultural opportunity structures for women (Reilly, 2012). Moreover, gender stereotypes about girls’ and women’s lesser abilities in science, technology, engineering, and math (STEM) are widely prevalent in Western cultures (Nosek et al., 2010; Nosek and Smyth, 2011; Hand et al., 2017) and predict women’s lower STEM engagement (Hyde et al., 1990; Halpern et al., 2007; see Nosek and Smyth, 2011; for similar findings on reading and boys, see e.g., Retelsdorf et al., 2015; Muntoni and Retelsdorf, 2018). In this vein, in many Western countries, women remain underrepresented in the mathematical professions (Wang and Degol, 2017). The societal stereotypes of girls’ and women’s lesser math abilities (math-gender stereotypes) influence children from an early age (e.g., Eliot, 2010). Math-gender stereotypes are conveyed by parents, peers, and teachers (see e.g., Hannover, 2008). As school is especially important for children’s socialization (Wentzel, 2014), children are prone to being influenced by teachers’ math-gender stereotypes. According to the Model of Achievement Related Choices (Eccles et al., 1983), teachers, as part of the cultural milieu, hold gender stereotypes including math-gender stereotypes (Eccles, 2011; Gunderson et al., 2012). Teachers have more positive attitudes about male students’ math performance, overrate male students’ mathematical abilities and have higher expectations regarding male students’ mathematical success (Riegle-Crumb and Humphries, 2012; Robinson-Cimpian et al., 2014; for a literature review, see Li, 1999). Further, teachers attribute failure in math to a lack of talent among girls, but to a lack of effort among boys (Tiedemann, 2002), and demonstrate a gender bias when evaluating students’ performance in an experimental setting (underrating equal performance outcomes if they assume female learners achieved them (Avitzour et al., 2020; see also Holder and Kessels, 2017). Furthermore, the Eccles et al. (1983) model proposes that teachers’ beliefs and behaviors influence their students’ own gender roles and stereotypes (see Eccles, 2011). Teachers’ own math-gender stereotypes thus predict students’ math-gender stereotypes (Keller, 2001). Although these math-gender stereotypes seem to have decreased in school children (e.g., Passolunghi et al., 2014), recent research still suggests that even primary school children hold the perception of math being male-typed (Miller et al., 2015). These stereotypes then influence students’ expectation of success and subjective task value (e.g., in mathematics), which in turn influences students’ achievement-related choices. Math-gender stereotypes of girls lead to girls tending to make academic choices against mathematics (see Eccles, 2011). Apart from academic choices, math-gender stereotypes influence girls’ sense of identity. The idea of math being male-typed (Miller et al., 2015) leads to girls developing less interest or preference for math when forming their identity. Thus, girls do not engage further with math, as girls try to establish their identity as distinct from the boys’ identity and from male-typed interests (Bian et al., 2017). All in all, math-gender stereotypes reduce girls’ interest, motivation, and performance in math, and, ultimately, lead to women being less likely to pursue mathematical professions (e.g., Wang and Degol, 2017). Further, according to learning theories, girls (and boys) learn to behave according to gender stereotypes because parents, teachers and peers reinforce them for doing so (Mischel, 1966; Hannover, 2008). This process of operant conditioning leads to girls’ engaging less with math as teachers – due to their math-gender stereotype – reinforce girls less than they reinforce boys for engaging with math. Besides that, math-gender stereotypes influence girls’ – and women’s performance through social-psychological mechanisms such as self-fulfilling prophecies or stereotype threat. When societal stereotypes are activated, girls are more likely to behave in a way that fulfills societal stereotypes and expectations. For example, teachers implicitly expressing their math-gender stereotypes and thus treating girls differently may instigate a worse math performance [see self-fulfilling prophecy (Merton and Merton, 1968)]. Just the fear itself of negative judgment in light of the math-gender stereotype can cause a disruption leading to girls’ performing worse in math [see stereotype threat (Steele and Aronson, 1995)]. This means that teachers, who – because of their math-gender stereotypes – expect girls to perform worse, in fact contribute to female learners actually performing worse in standardized math tests (Geis, 1993; Smith et al., 1999; Spencer et al., 1999).

Finally, as powerful socializers, teachers do not only endorse math-gender stereotypes, their math-gender stereotypes influence girls’ math attitudes and performance negatively (Gunderson et al., 2012; Carlana, 2019). Reducing teachers’ stereotypes may therefore represent a means to increase women’s representation in mathematics. To weaken stereotypes, however, it is important to know about their nature and underlying assumptions, which is in the focus of this research.



Interrelation of Math-Gender Stereotypes and Math-Gender Misconceptions

Math-gender stereotypes and misconceptions about math abilities based on gender (math-gender misconceptions) are two theoretically related but separable constructs.

Stereotypes are based on oversimplified, overgeneralized beliefs (Klineberg, 1951); for instance, beliefs that a certain group member has certain attributes because they are a member of a group (Greenwald et al., 2002). Thus, the math-gender stereotype is the over-simplified, overgeneralized belief of girls having weaker mathematical abilities because of their gender (Math-gender). Stereotypes are rarely fully refuted (FitzGerald et al., 2019; Kollmayer et al., 2020). This may be the case, because the specific reasoning or (mis-)conceptions behind a global stereotype are hard to grasp and therefore hard to target (e.g., by refutation texts; Tippett, 2010). Likewise, empirical evidence showing that math-gender stereotypes persist despite being incorrect (e.g., Gunderson et al., 2012) is paralleled by the scarcity of research on how instruction can overcome these math-gender stereotypes (Kollmayer et al., 2020). In this study, we want to explore the specific reasoning behind teachers’ math-gender stereotypes to prospectively provide refutation instruction. More specifically, we want to know whether endorsing math-gender stereotypes is related to holding math-gender misconceptions – subjectively plausible, yet disproven, theories about gender differences in mathematical abilities (for misconception definition, see Vosniadou, 1994; Chi and Roscoe, 2002; Hughes et al., 2013).



Math-Gender Misconceptions

Previous research suggests the potential presence of three specific misconceptions underlying gender stereotypes about mathematical abilities.

The first potential misconception refers to the Empathizing-Systemizing theory (Baron-Cohen, 2005) to explain the assumption of boys’ better inherent mathematical abilities compared to girls’ inherent mathematical abilities. The prominent Empathizing-Systemizing theory assumes that biological determinants explain gender differences in math. The Empathizing-Systemizing theory states that, because pre-natal testosterone-exposure is higher in the male fetus than the female, boys develop more systematic thinking in relation to less empathic thinking. Because pre-natal testosterone-exposure is lower in girls than boys, girls develop less systematic thinking in relation to more empathic thinking. According to the Empathizing-Systemizing theory, girls’ weaker systematic thinking leads to lower mathematical abilities (Baron-Cohen, 2005). This view, however, is very one-sided and excludes societal factors scientifically proven to be important (e.g., Hannover, 2008; Eliot, 2010; Eccles, 2011; Wang and Degol, 2017). Further, even though female participants in some research did exhibit a higher ratio of empathic to systematic thinking than did men and vice-versa (e.g., Greenberg et al., 2018), this ratio-difference did not predict mathematical performance, even when researched in a huge sample (Escovar et al., 2016). In addition, the idea of empathic thinking being negatively associated with systematic thinking is not very convincing, considering that both refer to the construct of general thinking abilities [general intelligence (g); Gottfredson, 1998]. Consequently, the Empathizing-Systemizing theory itself represents a math-gender misconception (empathizing-systemizing misconception).

The second potential misconception, termed girls’ compensation, refers to the belief that girls achieve similar math results as boys because they are hardworking, whereas boys are simply talented. However, girls actually report less intrinsic motivation in math than boys (e.g., Skaalvik and Rankin, 1994; Rodriguez et al., 2020; Heyder et al., 2020). As motivation is a strong predictor for effort and persistence (Skaalvik et al., 2015), girls are likely to be less driven to succeed in math. Girls are therefore very unlikely to achieve similar math results as boys only because they work harder. Furthermore, results from various studies suggest a similar level of mathematical talent in boys and girls: At a young age, girls and boys reveal gender similarities – rather than differences – in neural functioning when engaging with mathematical content (Kersey et al., 2019). In a longitudinal observation of primary school children (Lachance and Mazzocco, 2006), sex differences in math performance measured via standardized tests were minimal to non-existent. These empirical results offer no support for the idea that girls have lower math abilities overall. Girls’ compensation thus counts as a math-gender misconception.

The third potential misconception, termed girls’ non-compensability, also refers to the belief about gender differences in mathematical talent. However, here the focus is on innate differences in mathematical talent that girls cannot compensate for later in life, because talent is assumed to be fixed. This fixed mindset is especially common in mathematics and other STEM subjects (e.g., Leslie et al., 2015; Gunderson et al., 2017; Canning et al., 2019) and also identified among teachers (Heyder et al., 2020). A fixed mindset stands in opposition to evidence of educational achievement, such as the growth mindset proposed by Dweck (1999, 2015). Accordingly, rather than being fixed, skills can improve over time with practice. However, people who hold the girls’ non-compensability misconception assume that talent is fixed, and simultaneously ascribe girls less mathematical talent. In so doing, they assume girls cannot compensate for inherent talent differences in mathematical abilities. However, as described before, there is no evidence supporting the idea of girls having lower innate math abilities. Furthermore, the combination of a fixed mindset and lack-of-talent assumptions is especially detrimental for female students’ math-attitudes (Dweck, 2015; Heyder et al., 2019, 2020; Muenks et al., 2020) and for their performance (Canning et al., 2021).



Current Study and Hypotheses

In this study, we present the newly developed Math-Gender Misconception Questionnaire (MGMQ) to assess teachers’ misconceptions about gender differences in mathematics abilities. These misconceptions may underlie stereotypical thinking and behavior (see section “Interrelation of Math-Gender Stereotypes and Math-Gender Misconceptions”). By means of this questionnaire, we investigated to what degree the three potential misconceptions (empathizing-systemizing, girls’ compensation, girls’ non-compensability) are (1) empirically separable (structure hypothesis) and measurable by reliable scales, (2) present in a student teacher sample (prevalence hypothesis), and (3) linked to theoretically related constructs (association hypothesis).


Structure Hypothesis

We expect the MGMQ to assess three empirically separable, yet positively interrelated misconceptions. All three of the previously described misconceptions (see section “Interrelation of Math-Gender Stereotypes and Math-Gender Misconceptions”) are related to beliefs about gender differences in mathematical talent. Nevertheless, each misconception focuses on a different aspect: The empathizing-systemizing misconception provides an over-simplified explanation for the existence of gender differences in mathematical talent. The girls’ compensation misconception refers to girls managing to compensate for their lesser mathematical talent by investing effort. The misconception of girls’ non-compensability puts girls’ un-ability to compensate for their lack of talent into focus. Therefore, we expected the MGMQ data to fit a three-factor structure of math-gender misconceptions better than a general-factor structure with one homogeneous misconception construct in a confirmatory factor analysis.



Prevalence Hypothesis

We expect student teachers to rather endorse the first two of the three potential misconceptions. Given the high prominence and face validity of the idea that girls think more empathically whereas boys think more systematically (Empathizing-Systemizing theory; Baron-Cohen, 2005), some student teachers may also believe that these thinking differences are related to worse mathematical abilities – a misconception (empathizing-systemizing misconception). Further, we expect some student teachers to endorse the girls’ compensation misconception referring to the belief that girls only succeed in math because they work hard, whereas boys who succeed are talented. This belief is likely to exist among teachers, because teachers attribute girls’ better math grades than boys’ math grades to the girls’ greater effort (Sáinz et al., 2020). Further, teachers perceive girls only as similarly math-competent as boys if girls work harder (Robinson-Cimpian et al., 2014). Likewise, teachers attribute girls’ weak mathematical performance to lacking talent, and boys’ weak mathematical performance to lacking effort (Tiedemann, 2002). This research also suggests that (student) teachers may endorse the girls’ non-compensability misconception to a lesser degree than the girls’ compensation misconception.



Association Hypothesis

We first expect the three math-gender misconceptions to relate positively with the common math-gender stereotype found in previous research using a simple female-to-male-rating for math (for a similar measure, see Nosek, 2007, Nosek et al., 2010). We expect this association, as there are similarities and overlaps amongst math-gender stereotypes and math-gender misconceptions (Klineberg, 1951; Chi and Roscoe, 2002; Kollmayer et al., 2020). More specifically, we expect math-gender stereotypes to be partly based on math-gender misconceptions, which should be expressed in a moderate to high correlation between the two. Secondly, we expect that holding the girls’ non-compensability misconception will relate positively with holding fixed-ability mindsets for mathematics (Leslie et al., 2015). Holding the girls’ non-compensability misconception means assuming that girls’ lack of talent cannot be compensated for, and is thus fixed. This misconception is similar to the idea of fixed ability mindsets for mathematics.





MATERIALS AND METHODS


Participants and Recruiting

A total of 303 student teachers [242 women, 61 men, Mage = 21.73 (SD = 4.7, range = 18–51 years)] completed our online survey without dropping out. These data sets were complete (no missing data amongst them). The student teachers had studied on average for 2.28 semesters (SD = 2.28, range = 2–16 semesters). The student teachers’ school subjects were mostly German (n = 146) and math (n = 118), followed by other common subjects (e.g., English, biology, politics and economics, philosophy, geography, languages such as French, Spanish, or Latin). More than half of the participants (168; 55.5%) studied at least one STEM subject. Participants were studying to teach at the elementary (n = 79) or secondary school level (n = 191). Some participants were studying to teach in vocational education (n = 7) or special needs education (n = 63). Participants from all over Germany took part in this study; most were from Hessen. The participants, on average, held positive views about gender equality and feminism (M = 3.61, SD = 0.84; scale of 1 = not at all to 5 = very).

The communicated topic of the study was “Mathematics and Gender.” The online survey completion was possible between May and July of 2021. We recruited participants via teacher education lectures and seminaries as well as via acquaintances. In total, 360 people clicked on the survey link, of which 303 participants (84.2%) completed the survey. Two people declined consent; the other 55 participants (15.3%) dropped out during the study and were not included in our analyses, yielding the final sample of 303 student teachers.



Study Instruments


Math-Gender Misconception Questionnaire

The self-developed Math-Gender Misconceptions Questionnaire (MGMQ; see Table 1 for an English translation of the misconception items and Supplementary Appendix A for the German original containing all items) served as our main study instrument. It consisted of 30 items. These items comprised statements that participants first must answer with “I disagree” or “I agree” (i.e., verification). Second, each statement comprised a five-point Likert-scale assessing the participants’ certainty of having correctly responded to the current statement. The answer options were very certain, certain, somewhat certain, uncertain, very uncertain (i.e., certainty rating). Certainty ratings were horizontally aligned and presented below the corresponding verification part (see Figure 1, for an example item). These two ratings per item are crucial for assessing misconceptions: Holding a misconception should reflect in incorrect answers made with a (relatively) high certainty. Incorrect answers with low certainty would rather reflect missing conceptions (see Eitel et al., 2021, for the argumentation). Of the 30 items in the MGMQ, 15 items targeted math-gender misconceptions (see Table 1) and 15 items were filler items. Of the 15 misconception items, always five referred to each of the three hypothesized misconceptions (empathizing-systemizing, girls’ compensation, girls’ non-compensability). The correct answer was to disagree with the misconception items.


TABLE 1. Descriptive values for misconception items and scale reliabilities of the MGMQ.
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FIGURE 1. Example item.


The misconception items asked for all of the characterizing aspects of each hypothesized math-gender misconception, by also referring to research findings (Dweck, 1999; Tiedemann, 2002; Muenks et al., 2020; Sáinz et al., 2020), and academic as well as non-academic resources (Baron-Cohen, 2005; Escovar et al., 2016). For the empathizing-systemizing misconception, we constructed each of the items to address the combination of the following two stereotypical beliefs: (1) boys are better at math than girls (2) because boys think more systematically, whereas girls think more empathically. We constructed such complex items because only the combination of the two stereotypical beliefs [(1) gender differences in empathizing-systemizing and (2) their direct relation to mathematics performance] is a misconception. An example item was “As girls think rather empathically and boys think rather systematically, boys are on average more talented in mathematics than girls.” The same rationale for constructing items applies to the two other misconceptions.

For the girls’ compensation misconception, items focused both on (1) the belief about gender differences in math talent and on (2) the beliefs that either girls compensate for their fewer talent through hard work or teachers compensate for girls’ fewer talent by treating them differently than boys (e.g., more support). An example item regarding girls’ compensation was “To achieve equally good grades in math, boys have to make less effort because they are more talented than girls are.”

For the girls’ non-compensability misconception, items focused on both (1) the belief about girls being unable to compensate for their lack of talent even with hard work and (2) the belief about implications of this non-compensability in the treatment of genders (such as grading the girls more generously). An example item regarding girls’ non-compensability was “Despite their on average stronger effort, girls are normally less proficient in math than boys.”

We intentionally formulated the misconception items as false statements to gain direct information as to whether the student teachers endorsed this particular misconception. Specifically, disagreeing with a correct statement (“the Earth is a sphere”) does not give direct information regarding the underlying misconception (the Earth could be flat, rectangular, a semi-sphere, etc.), whereas agreeing with the incorrect statement (“the Earth is flat”) provides direct information about endorsing this particular misconception (cf. Eitel et al., 2021).

The remaining 15 filler-items described true statements related to the math-gender gap, thus they were not misconceptions. An example filler item was “Amongst girls, math is more disliked than amongst boys.” The correct answer was to agree with these filler items. The filler-items served to balance the questionnaire. In total, 50% of the statements in the questionnaire were true (i.e., filler-items), while the other half of statements was untrue (i.e., misconception-items). We balanced the questionnaire in order to minimize response biases in the form of acquiescence tendencies (Moosbrugger and Kelava, 2012) because participants might think “some statements must be true” and answer accordingly (cf. Eitel et al., 2021).

Prior to inclusion in the questionnaire, an expert on the math-gender gap and an expert on developing questionnaires revised all items. Additionally, a four-member expert panel (one professor, two postdoctoral researchers, and a Ph.D. student from educational psychology) discussed and refined the questionnaire. Furthermore, we evaluated a prior version of this questionnaire within a pilot study with 246 student teachers. Results of this pilot study suggested that not one unitary construct of math-gender misconceptions but three misconceptions scales might best explain the questionnaire responses, namely the scales of empathizing-systemizing, girls’ compensation, and girls’ non-compensability. Based on these preliminary findings, we constructed the MGMQ with 15 misconception items, as the former version did not have sufficient misconception items per scale.



Other Instruments

Furthermore, we assessed math-gender stereotypes similar to previous research (Nosek et al., 2010) by asking participants to indicate whether they perceived math as female or male. We used only part of the measure applied by Nosek et al. (2010), who assessed implicit and explicit math-gender stereotypes together with liberal arts-gender stereotypes. Additionally, we extended the scale range to 9 answer options, starting from 1 (“very female”) via 5 (“neutral”) to 9 (“very male”), to potentially increase variance. The results nevertheless revealed that answers of 1 (“very female”), 8 and 9 (“very male”) were outliers in the answer distribution. We thus winsorized the distribution to reduce the biasing effect of the outliers in the correlational analyses.

We then assessed participants’ feminism using three items with five-tier Likert-scales each (from not at all to very). An example item was: “How important is the equality of the genders to you?” The internal consistency of the scale was good (ω = 0.79). For all three items in German and English, see Supplementary Appendix B.

We also assessed teachers’ fixed mindset about math ability with two items adapted from Leslie et al. (2015) and Heyder et al. (2020). An example item was: “Being among the best in math requires a special aptitude that just cannot be taught.” Both items were highly correlated (r = 0.66, p < 0.001) so that we calculated the mean score of both items (M = 4.07, SD = 1.42).

Before ending the study, participants filled in their demographics such as age, sex, gender, mother language, study subjects, school type they will teach at or already teach at, and semesters studied.




Procedure

When clicking on the web link, participants initially read about the voluntary nature of their participation, that they could end the study whenever they wanted without facing disadvantages, and that we would store all data for 10 years anonymously for the purpose of research only. Participants then gave their informed consent. Participants then read the instruction for the misconception questionnaire, which they then filled in. Then, participants rated how they perceived mathematics on a 9-tier Likert-scale (female to male). Afterward, participants filled in two items each on fixed mindset in math. They also indicated their attitude toward feminism. Participants then provided basic demographic information. After participation, we thanked the participants and provided a full debriefing text. Participants took on average 13:44 min (SD = 5:48 min) to complete the survey.



Scoring the Misconceptions

We calculated misconception scores by multiplying agreement (coded with +1)/disagreement (coded with −1) and response certainty (coded from 0 = very uncertain to 4 = very certain; see Eitel et al., 2021). Thereby, we accounted for the nature of misconceptions: Misconceptions are incorrect and are subjectively highly plausible. Thus, if the person assumes an incorrect statement to be more plausible, this person endorses that statement more strongly, reflecting in higher certainty (see Eitel et al., 2021). This stronger endorsement of a misconception is reflected in higher misconception scores (see Table 1, for descriptive values). Participants who were very uncertain about an answer (coded with 0), regardless of whether it was correct or not (±1), got a misconception score of 0 (i.e., ±1 × 0 = 0), because their (dis-)agreement was probably guessing and indicated no misconception (see Eitel et al., 2021). The stronger participants believed in the misconception, the more certain participants were in their agreement with a false statement (e.g., scores of 2 vs. 4 in the certainty rating). Accordingly, a stronger misconception was indicated by a higher misconception score (e.g., 2 vs. 4). Using this multiplication method, the range of possible values per item was −4 to +4, making it possible to approximate the level of interval-scaled data required to perform confirmatory factor analyses with (robust) maximum likelihood estimation (see Eitel et al., 2021).

We assumed a misconception to be prevalent, whenever participants answered at least one of the five items per misconception scale incorrectly with high certainty (i.e., response certainty of 3 or higher, on scale from 0 to 4; see previous section). We did so because a mixed (mis-)conception would be prevalent in that case (see Vosniadou, 1994). Misconceptions can be very extreme (“The earth is flat”), but they can also be “alleviated” by integrating correct information (“The earth is round”). However, this alleviation may lead to a so-called mixed misconception (“The earth is round, but where we stand on it, it must be flat for us not to fall off”). This would still require further refutation (Vosniadou, 1994). One incorrect answer per misconception scale (made with high certainty) already indicates such a (mixed) misconception, which requires refutation in order to achieve a correct conception (Vosniadou, 1994; see Dersch et al., 2022).



Data Analysis

We used IBM SPSS statistics® for data preprocessing and item statistics. We used R for statistical computing (R Core Team, 2017; version 3.6.23) with the psych package for reliability analyses (Revelle and Condon, 2019). We calculated McDonald’s omega (ω) for robust reliability estimation even when item-scale correlations are not tau-equivalent (Deng and Chan, 2017). Asymptotic omega simulates the theoretical omega obtained for a test of infinite length with a structure similar to the observed test. Modest reliability for McDonald’s omega is at around 0.70 (Nunnally, 1978). However, this convention should be considered with some caution as satisfactory values depend on the measurement purpose (e.g., group statistics or individual assessment) and on the nature of the scale. If assessing broad or heterogeneous constructs, even relatively low coefficients of criterion reliability (e.g., 0.50) do not seriously attenuate validity coefficients (Schmitt, 1996).

We used the lavaan package for confirmatory factor analysis (Rosseel, 2012) to inspect the internal structure of the MGMQ by estimating its construct validity. We used maximum likelihood estimation with robust standard errors (MLR) to handle our interval data with moderate deviations from the normal distribution (Li, 2016). We considered the global model fit to be sufficiently good if the following criteria were met: a CFI (comparative fit index) value equal to or higher than 0.95, a root mean square error of approximation (RMSEA) smaller than 0.06 (Hu and Bentler, 1998), and an standardized root mean square residual (SRMR) smaller than or equal to 0.07 (Yu, 2002). We considered the local model fit to be acceptable if values for the fully standardized factor loadings were statistically significant (p < 0.05) and higher than 0.30 (Nunnally, 1978; Cristobal et al., 2007).




RESULTS


Structure Hypothesis

We first examined the MGMQ’s factorial structure by comparing global and local fit measures of two structural models against each other in a confirmatory factor analysis. We expected the MGMQ data to better fit a correlated three-factor model of math-gender misconceptions (empathizing-systemizing, girls’ compensation, and girls’ non-compensability) than a general-factor model with one misconception construct. Accordingly, results revealed an overall acceptable global fit for the three-factor model (with five items per factor), CFI = 0.94, RMSEA = 0.058, SRMR = 0.057, χ2 = 157.75, df = 87, p < 0.001. The factors girls’ compensation and – non-compensability were highly positively correlated to each other (r = 0.86, p < 0.001), and to empathizing-systemizing (r = 0.72, p < 0.001; r = 0.51, p < 0.001). Results revealed an unacceptable global fit for the general-factor model, CFI = 0.80, RMSEA = 0.10, SRMR = 0.08, χ2 = 296.98, df = 90, p < 0.001. Supporting the structure hypothesis, the model fit of the three-factor model was statistically significantly better than the fit of the general-factor model, χ2(3) = 62.50, p < 0.001. On the level of local model fit, factor loadings were all significant (all ps < 0.01) and ranged between 0.44 and 0.83 for the three-factor model (M = 0.62, SD = 0.12; see Figure 2). Scale reliabilities [using McDonald’s omega (ω)] were good for empathizing-systemizing (ω = 0.88), acceptable for girls’ compensation (ω = 0.76), and acceptable for girls’ non-compensability (ω = 0.72).
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FIGURE 2. General factor model vs. three-factor model. The three-factor model fit better than the one-factor model.




Prevalence Hypothesis

We expected student teachers to rather endorse the first two of the three gender misconceptions about mathematical abilities. As expected, more student teachers believed that boys are inherently better in mathematics because they think more systematically (empathizing-systemizing; 32.0%), and that girls are only as good in mathematics as boys because they work harder (girls’ compensation; 26.7%) and that girls cannot compensate for their lower mathematical abilities (girls’ non-compensability; 17.5%). Overall, 14.2% of student teachers endorsed both the empathizing-systemizing and the girls’ compensation misconception, whereas 44.6% of student teachers endorsed at least one of these two misconceptions. In total, 48.2% of student teachers endorsed at least one of the three misconceptions. However, on average, student teachers had negative misconception values in the MGMQ (see Table 1). This indicates that the majority of student teachers – correctly – disagreed with the misconception items and did not hold (strong) math-gender misconceptions.



Association Hypothesis

We expected math-gender misconceptions to be positively associated with the prevalence of math-gender stereotypes. We found that 141 out of 303 student teachers indicated math to be more male than female, yielding a prevalence rate of 46.5%. A total of 150 student teachers (49.5%) indicated math to be equally male and female, whereas only 12 student teachers (4.0%) indicated math to be more female than male. Overall, the latent correlation between math-gender misconceptions and holding the math-gender stereotype was moderate, r = 0.45, p < 0.001. Descriptively, we found that the empathizing-systemizing, r = 0.43, p < 0.001, and the girls’ compensation misconception, r = 0.44, p < 0.001, correlated stronger with holding the math-gender stereotype than the girls’ non-compensability misconception, r = 0.25, p = 0.01.

Apart from that, we expected holding a fixed ability mindset for mathematics (Dweck, 1999; Leslie et al., 2015) to correlate more positively with the girls’ non-compensability than with the girls’ compensation misconception. We found that student teachers with a stronger fixed ability mindset for mathematics believed more strongly in all three misconceptions (r = 0.28, p < 0.001), however, not to a stronger degree in the girls’ non-compensability misconception (r = 0.22, p = 0.004) than in the girls’ compensation misconception (r = 0.28, p < 0.001).




DISCUSSION

Math-gender stereotypes held by important socializers like teachers may be contributing to the underrepresentation of girls and women in STEM (for a review, see Gunderson et al., 2012). The goal of this research was to explore the specific misconceptions underlying math-gender stereotypes in a student teacher sample. To this end, we first analyzed the structure and prevalence of three potential misconceptions using the newly developed Math Gender Misconceptions Questionnaire (MGMQ). Afterward, we inspected to what degree holding these misconceptions related to holding math-gender stereotypes, and fixed mindsets about math ability.


Structure of Math-Gender Misconceptions Amongst Preservice Teachers

We constructed the MGMQ to uncover a three-factor structure of misconceptions about gender differences in mathematical abilities that we expected to observe based on prior research: empathizing-systemizing, girls’ compensation and girls’ non-compensability. We obtained evidence for the supposed tree-factor structure via confirmatory factor analysis. The three-factor model fit the data better than the model assuming one general misconception factor (see Figure 2). Math-gender misconceptions are thus expressed through three distinct factors. (1) There is the empathizing-systemizing misconception assuming that pre-natal testosterone-exposure levels are lower in girls than in boys, which leads to girls thinking less systematically in relation to more empathically. Girls’ less systematic thinking – according to this misconception – leads to girls’ lower mathematical abilities (Baron-Cohen, 2005). (2) The girls’ compensation misconception assume that girls are more hardworking than boys, resulting in their equally good performance in math (e.g., equal grades; Tiedemann, 2002; Sáinz et al., 2020). (3) The girls’ non-compensability misconception assumes that girls are not only less talented in math – for example due to the empathizing-systemizing misconception – but furthermore, they lack the means to compensate for their disadvantage, as math talent is fixed (Dweck, 1999; Leslie et al., 2015).

The empathizing-systemizing scale showed good reliability; all items correlated substantially with the construct (see Table 1). The girls’ compensation and - non-compensability scales showed acceptable reliabilities. The higher reliability of the empathizing-systemizing scale, compared to the other two scales, may be due to the items of empathizing-systemizing being very homogeneous; they all referred to the explanation of talent differences in boys and girls in mathematics. Items on the other two scales referred to both the talent differences in boys and girls in mathematics and the consequences of such talent differences. Items on the girls’ compensation scale refer to (1) girls having less talent in mathematics, and (2) girls usually compensating for their lesser talent. Items on the girls’ non-compensability scale refer to (1) girls having less talent in mathematics, and (2) how girls should be treated to adapt to their lack of talent (lower standards for girls; see Table 1, for an overview of all items). Meaning, girls’ compensation as well as girls’ non-compensability are broader and more heterogeneous constructs, which may explain their lower reliability coefficients than for the empathizing-systemizing scale.



Prevalence and Correlates of Math-Gender Misconceptions

Almost half of the preservice teachers (48.2%) held at least one of the three misconceptions. A majority of student teachers, however, held no math-gender misconceptions, even according to the strict criteria we applied. This finding led to negative average math-gender misconception scores among student teachers in this sample (see Table 1), which imply that on average, math-gender misconceptions are not (strongly) prevalent. These results are encouraging, even if they are still far from ideal. The prevalence of math-gender misconceptions among a subgroup of student teachers is still worrying, since even endorsing just one the misconceptions can affect teachers’ instruction. As a consequence, misconceptions may cause a different treatment of the genders (e.g., Carlana, 2019), and reinforce math-gender stereotypes among schoolchildren (e.g., Geis, 1993; Eccles, 2011; Gunderson et al., 2012). The math-gender stereotypes weaken female representation in mathematical careers (e.g., Eccles, 2011; Wang and Degol, 2017). As teachers function as multipliers of their own knowledge and beliefs and teach many students during their career, misconceptions deserve attention and interventions in teacher education and training, even if only a subgroup of teachers seems to endorse such misconceptions.

As expected, both the empathizing-systemizing (32.0%) and girls’ compensation misconception (26.7%) seemed to be more prevalent than the girls’ non-compensability (17.5%) misconception. This difference in prevalence may partially be due to social desirability. Agreeing to the empathizing-systemizing misconception may be more socially desirable than agreeing to statements on the two other misconception scales, because the former statements (1) highlight girls’ empathic and social abilities and (2) provide an explanation for girls’ lack of talent that did not blame the girls themselves, but rather their genes or pre-natal influences on their body. Like for benevolent sexism (Glick and Fiske, 1996, 1997) these two apparently “positive” beliefs about girls might have been more socially acceptable than agreeing with the beliefs captured by the other two misconceptions.

The other two misconceptions consisted of statements displaying obvious, less benevolent sexism, such as indicating that (1) girls lack talent and (2) the genders should be treated differently and thus unequally. Such attitudes tend to be rejected nowadays among well-educated students in Western societies, like those in our study sample: Accordingly, the students in our sample indicated moderate to high agreement with feminism, which correlated negatively with misconception endorsement (r = −0.21, p = 0.001). This lower social desirability thus may have reduced agreement rates with the girls’ compensation and girls’ non-compensability scale, even though actual beliefs may differ from what participants indicated. Furthermore, the awareness that fixed mindsets in teachers are detrimental to their students (e.g., Canning et al., 2019, 2021; Heyder et al., 2020) seems to be increasing in (teacher) education (Dweck, 2016). Thus, especially the girls’ non-compensability scale – theoretically a combination of fixed ability mindset ideas and promoting girls’ lesser abilities, might be perceived as socially undesirable, which could have contributed to the (relatively speaking), lowest endorsement rates.

Furthermore, the significant correlation between fixed mindset in math and the girls’ non-compensability misconception as well as the non-significant correlation with the girls’ compensation misconception supports the construct validity of the MGMQ’s constructs: It is only when abilities are perceived as fixed that there is no way to compensate for low abilities. Since fixed mindsets in math have been found to be detrimental only in terms of female students’ intrinsic motivation and ability self-concepts (Heyder et al., 2020), these associations further corroborate the importance of the girls’ non-compensability misconception for female students’ engagement in math.

Our findings also support prior research findings of (preservice) teachers holding explicit math-gender stereotypes (e.g., Li, 1999; Tiedemann, 2002; Cimpian et al., 2016; Sáinz et al., 2020). Also in our study, about half (49.5%) of the preservice teachers held explicit math-gender stereotypes. These explicit math-gender stereotypes were associated with math-gender-misconceptions to a moderate degree (r = 0.45), tentatively supporting the idea of math-gender-misconceptions underlying math-gender stereotypes. So far, math-gender stereotypes have been assessed either via implicit association testing (e.g., Nosek et al., 2010; Steffens and Jelenec, 2011), or ratings of whether math is more female than male (e.g., Nosek et al., 2010), or via one to three simple items about talent differences (see Hyde et al., 1990; Gunderson et al., 2012). The current assessment of math-gender misconceptions as a construct underlying math-gender stereotypes is a novel approach to understand and potentially refute math-gender gender stereotypes. In the future, assessing math-gender misconceptions in addition to math-gender stereotypes may facilitate the comprehension of math-gender stereotypes and thus our ability to target both – math-gender stereotypes and math-gender misconceptions. With this reasoning, it is important to note that holding the math-gender stereotype correlated most strongly with holding the empathizing-systemizing and the girls’ compensation misconception. Specifically targeting these misconceptions (e.g., by means of refutation text; Tippett, 2010) may thus be a promising means to reduce not just the specific misconception but also math-gender stereotypes to a certain degree. More research applying more measures for math-gender stereotypes and evaluating their association with math-gender misconceptions is necessary to gain more insights into the association between math-gender misconceptions, implicit and explicit math-gender stereotypes, as well as how they manifest in teacher and student teacher behavior. Additionally, applying more measures of explicit math-gender stereotypes in future research to assess the relations between math-gender stereotypes and math-gender misconceptions should help further validate the MGMQ in future research. Hence, this study is the first of a planned series of studies on the relationship between math-gender misconceptions and math-gender stereotypes.



Limitations and Further Research

In this study, we presented the MGMQ, a novel measure assessing misconceptions about gender differences in math abilities. To the best of our knowledge, this is the first study applying the concept of misconceptions (e.g., Eitel et al., 2019) to the important field of women’s underrepresentation in math. Therefore, some limitations and questions for future research emerged.

First of all, as the main objective of this research was the construction and evaluation of the MGMQ, we implemented only one measure to assess math-gender stereotypes [similarly applied by Nosek et al. (2010)]. It is certainly useful to relate the MGMQ results to other measures assessing math-gender stereotypes in further research. In this paper, we described the MGMQ development. As the MGMQ has demonstrated its reliability as a measuring tool within our sample, we intend to further research its reliability and interrelations between the MGMQ scales and various implicit and explicit – as well as behavioral stereotype-measures in future research.

Another limitation refers to the risk of triggering socially desirable responses as discussed before. Furthermore, recognizing and reporting socially undesirable stereotypes may require a certain degree of self-awareness among participants (Nosek, 2007). Some may not have thought about their stereotypes because they were unwilling to. But even though reflection is necessary and social desirability may hinder the readiness to self-report stereotypes, direct self-reporting is still known to work best for assessing stereotypes (Axt, 2018). In future research, some items (e.g., “Since girls are on average less mathematically gifted, they should be assessed with different criteria than boys”) could be revised to make them more neutral-sounding. Strongly overlapping items could be excluded, forming a short version of the MGMQ (e.g., “As girls think more empathically whereas boys think more systematically, boys are on average more talented for math than girls”). A short version should be economic and especially practical for applying it to in-service teachers, as they have less time to participate in research. In future studies, it would be also promising for researchers to stress that the MGMQ is a knowledge test, not an attitude test, thus hopefully reducing further answer bias due to social desirability. Future research with the MGMQ could also focus on the prevalence of math-gender misconceptions in math teachers, as math teachers, due to their direct influence on girls’ math learning, may contribute especially to the upholding of math-gender misconceptions (and math-gender stereotypes). In this regard, we compared the misconception prevalence between student teachers with and without mathematics as teaching subjects here. We observed small and insignificant differences between students with math (M = −1.64, SD = 1.17) and without math as teaching subject (M = −1.48, SD = 1.40), t(301) = 1.04, p = 0.30.

Further, our sample’s gender distribution consisting of 79.9% women does not represent the general population. However, this high percentage of women in our student teacher sample resembles the gender distribution of teachers in Germany: The Federal Office for Statistics in Germany assessed teachers’ gender in the school year of 2019/2020 and found that 73.1% of teachers in general education were female. As gender might still have influenced the math-gender misconception prevalence, we compared the prevalence rates between genders, and revealed that the prevalence of math-gender misconceptions did not differ between female participants (M = −1.56, SD = 1.33) and male participants (M = −1.46, SD = 1.27), t(301) = 0.54, p = 0.58. This insignificant difference may be due to the exposure to math-gender misconceptions in our society regardless of gender.

Furthermore, implicit and behavioral measures could support the assessment and generate additional knowledge about the prevalence of math-gender misconceptions or math-gender stereotypes.

The goal of the MGMQ is to identify math-gender misconceptions that potentially underlie math-gender stereotypes. As (math-gender) stereotypes have rarely been successfully reduced (FitzGerald et al., 2019; Kollmayer et al., 2020), identifying underlying math-gender misconceptions is a starting point for conceptual change – and hopefully attitude change as well. Interventions targeting misconceptions among teachers (e.g., refutation texts; Menz et al., 2021) could therefore also be applied to revise or reduce stereotypes among teachers.

In addition to the math-gender misconceptions discussed here, there are misconceptions and ideas associated with other stereotypes that influence math representation and warrant research. This should yield insights on whether such associations between stereotypes and misconceptions are specific to the gender topic, or generalizable. One example would be math-race stereotypes (Starr and Simpkins, 2021). The intersectionality of stereotypes, meaning people belonging to more than one minority group (e.g., Black and female) and thus suffering from different overlapping adverse stereotypes, should be considered in future research (Yuval-Davis, 2006; Parker et al., 2020).



Conclusion

This study describes a newly developed instrument assessing misconceptions about gender differences in math ability that potentially underlie gender stereotypes, and which therefore may contribute to the underrepresentation of women in math careers. Our results show that (a) our newly developed questionnaire reliably assessed three distinct misconceptions related to gender differences in mathematics in the first sample, (b) almost half of the participating preservice teachers endorsed at least one of the three misconceptions, whereas a majority did not, and (c) holding these misconceptions was substantially associated with holding math-gender stereotypes.

Identifying the specific misconceptions potentially behind math-gender stereotypes is a good starting point for interventions aiming at conceptual change (Larkin, 2012), also in the field of gender and STEM. Since misconceptions hinder the acquisition of scientifically accurate conceptions (Eitel et al., 2021), overcoming them is important to reduce gender disparities in STEM in the future. This study provides the basis upon which to develop specific instructions in the form of refutation texts during teacher education or training (Eitel et al., 2019; Menz et al., 2021; Dersch et al., 2022).
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Children’s numeracy competencies are not only relevant for their academic achievement, but also later in life. The development of early numeracy competencies is influenced by children’s learning environment. Here, the home numeracy environment (HNE) and parent’s own beliefs about mathematics play an important role for children’s numeracy competencies. However, only a few studies explicitly tested these associations separately for mothers and fathers. In our study, we assessed mothers’ and fathers’ mathematical gender stereotypes, self-efficacy and their beliefs on the importance of mathematical activities at home, and tested their associations with parents’ numeracy activities and children’s numeracy competencies in a sample of N = 160 children (n = 80 girls) with an average age of M = 59.15 months (SD = 4.05). Both, fathers and mothers regarded boys as being more competent in mathematics than girls. Fathers when compared to mothers reported a greater mathematical self-efficacy. Further, only mothers’ self-efficacy was associated with the frequency of numeracy activities with the study child. In contrast, only fathers’ beliefs on the importance of mathematics was associated with their numeracy activities which, in turn, predicted children’s numeracy competencies. However, the non-invariant constructs and varying results lead to the question whether a revision of existing scales assessing parental beliefs and home numeracy activities is needed to investigate differences of mothers and fathers and their potential associations with children’s numeracy outcomes.
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INTRODUCTION

Children’s early competencies and their development are supported by different experiences and aspects in their environment and in everyday life (e.g., Burghardt et al., 2020). In addition to kindergarten attendance (Melhuish et al., 2015) and the home learning environment (LeFevre et al., 2009; Anders et al., 2012; Niklas and Schneider, 2014), parents’ beliefs, attitudes and expectations (Sonnenschein et al., 2012; Skwarchuk et al., 2014; del Río et al., 2017) are discussed as important predictors of children’s early numeracy development.

Children’s early numeracy competencies are essential prerequisites for their later mathematics performance, academic achievement, and school success (Duncan et al., 2007; Jordan et al., 2007; Niklas and Schneider, 2017). Aspects such as child and family characteristics [e.g., sex or socioeconomic status (SES)] further influence children’s cognitive development (Niklas and Schneider, 2014).

The home numeracy environment (HNE) focuses on the early numeracy activities of parents and their children at home (LeFevre et al., 2009). Ecological and sociocultural theories emphasize the importance of the HNE for children’s mathematical development (Vygotsky, 1980; Bronfenbrenner and Morris, 2006). Recent studies support this association and reported a positive correlation between home numeracy activities and children’s numeracy competencies (LeFevre et al., 2009; Skwarchuk, 2009; Niklas and Schneider, 2014, 2017). However, additional relevant factors such as parental beliefs and expectations toward mathematics, have rarely been considered in recent research (del Río et al., 2017). Further, there are currently only a few studies (Tomasetto et al., 2015; del Río et al., 2019, 2020) that investigated potential differences between mothers and fathers, which may offer interesting insights as fathers have only recently become more involved in their children’s lives in many countries (Cabrera et al., 2000; Baker, 2014). The present study investigated children’s numeracy competencies and took the following factors into account; (1) three types of parental beliefs toward mathematics: gender stereotypes, self-efficacy and beliefs on the importance of mathematical activities at home, (2) differences in mothers’ and fathers’ beliefs toward mathematics and home numeracy activities, and (3) children’s sex.


Children’s Early Numeracy Competencies

Children develop various numeracy competencies even before the start of their formal education (e.g., counting, number line estimation or knowledge of numbers and quantities; Krajewski and Schneider, 2009). Early development of academic competencies is highly predictive for success at school and later in life (Duncan et al., 2007; Jordan et al., 2007; Niklas and Schneider, 2017) as well as for children’s further mathematical development (Geary et al., 2009; Krajewski and Schneider, 2009; Jordan et al., 2010). However, these competencies vary greatly between children by the time they start school (Gould, 2012) and are influenced by diverse environmental aspects such as the home learning environment (LeFevre et al., 2009, 2010; Niklas and Schneider, 2017; Susperreguy et al., 2021) and parents’ beliefs and expectations toward mathematics (Skwarchuk et al., 2014; del Río et al., 2017). For boys and girls in contrast, often no significant differences concerning numeracy-related and language abilities were found at school entry (Niklas and Schneider, 2012; Kersey et al., 2018). Consequently, girls and boys seem to bring along more or less equal abilities at this age regardless of their sex.

Nguyen et al. (2016) suggested that early numeracy abilities are the strongest predictors of later mathematical achievement. Here, children’s advanced counting competencies (i.e., counting forward or backward from a given number or counting with cardinality) have been shown to be more predictive than their basic counting competencies (i.e., number recognition or verbal counting). This finding suggests that it is important to promote advanced counting activities and not to focus on basic counting skills only. However, basic skills still need to be considered as they build the basis for some advanced competencies and critical concepts. Further, children’s understanding of quantities and number words and arithmetic abilities were also identified as important predictors for later mathematical competencies (Jordan et al., 2006, 2009; Krajewski and Schneider, 2009). Our study investigated children’s numeracy outcomes in the context of additional potentially influencing factors (e.g., HNE and parents’ characteristics) to elaborate which aspects play an important role for children’s numeracy development before developing later mathematical skills.



Home Numeracy Environment and Parental Involvement in Mathematical Outcomes

The HNE is defined as the interaction between children and their parents concerning numeracy activities within the home environment (e.g., playing dice or counting games and exposure to numerical content; e.g., LeFevre et al., 2009; Skwarchuk et al., 2014). The HNE may be differentiated into formal and informal home activities (e.g., LeFevre et al., 2009). Here, aspects such as using number books and active stimulation of number skills, which require dynamic engagement and the intention of parents to teach mathematics to their children are subsumed as formal HNE. In contrast, informal aspects were described as activities that ‘incidentally’ support children’s numeracy abilities such as naturally occurring activities in the home that induce counting or exposure to numbers (e.g., playing mathematical games and involving the child in measuring ingredients).

Playful learning activities motivate and engage children in learning numbers, counting, and reasoning, and also prepare them to advance their mathematical thinking skills (e.g., problem solving, mental representation of numbers; Cohrssen et al., 2014; Niklas et al., 2016). Parents often provide such learning opportunities and thus motivate their children to learn mathematics (Cohrssen and Niklas, 2019; Gasteiger and Moeller, 2021). For example, Cohrssen and Niklas (2019) reported gains in children’s mathematical competencies through playing a math game, underlining the importance of parent-child interactions in shared mathematical activities.

Further, LeFevre et al. (2009) showed that children who are often involved in mathematical activities with their parents at home, are more likely to improve their computational efficacy and accuracy while solving mathematical problems (see also Kleemans et al., 2012). However, positive associations (Niklas and Schneider, 2014; Skwarchuk et al., 2014; Susperreguy et al., 2020) and no significant associations (Skwarchuk, 2009; DeFlorio and Beliakoff, 2015; Missall et al., 2015) were found for the formal and the informal HNE and children’s mathematical outcomes with the informal HNE seemingly being the better predictor (LeFevre et al., 2009). Consequently, more research on the specific aspects and mechanisms that may support children’s mathematical learning in the context of the HNE are necessary (see also Hornburg et al., 2021).

For instance, research identified additional parental factors which can be linked to the HNE and may impact on children’s competencies such as parental beliefs, attitudes and expectations (Sonnenschein et al., 2012; Skwarchuk et al., 2014; del Río et al., 2017). It is also of interest, whether numeracy activities at home and children’s numeracy outcomes are influenced by further parental factors such as potential differences between mothers and fathers.



Parental Beliefs Toward Mathematics

Research indicates that parental beliefs, expectations and attitudes predict parental numeracy activities and children’s numeracy competency development (Skwarchuk et al., 2014; Missall et al., 2015; del Río et al., 2017; Susperreguy et al., 2020), which aligns with the expectancy-value theory by Eccles. This theory assumes that parental beliefs influence children’s achievement motivation, their educational aspirations, and their abilities and provide them with experiences at home and in everyday life which are directed by the beliefs of the parents (Eccles et al., 1983; Jacobs et al., 2005). Recent studies also suggest a direct link between parental beliefs, children’s self-concept and their mathematical performance (del Río et al., 2019, 2020), indicating that parents’ personal beliefs and thoughts may have a tremendous impact on children’s perception of their own abilities and thus also on children’s academic outcomes in mathematics.

Parental beliefs toward mathematics can simply be defined as parents’ interest in mathematics and their feeling of confidence while performing mathematics (Benz, 2012). Further constructs such as gender stereotypes, self-efficacy and the importance of mathematical activities at home are often subsumed under the umbrella-term beliefs (e.g., Sonnenschein et al., 2012, 2016; del Río et al., 2017, 2020). Research shows that parents who tend to have positive beliefs regarding mathematics also engage more frequently in formal numeracy practices such as counting pieces of a pie and teaching how to count (Skwarchuk et al., 2014; Missall et al., 2015; del Río et al., 2017).

Further, parents who engage in formal numeracy activities frequently and who enjoy doing mathematics were reported to have higher expectations for both themselves and their children to perform successfully in numeracy tasks (Blevins-Knabe et al., 2000; Kleemans et al., 2012; Skwarchuk et al., 2014; del Río et al., 2017). However, the associations between parental beliefs and expectations, numeracy-related activities at home and children’s numeracy outcomes seem to vary between studies (LeFevre et al., 2009; Skwarchuk, 2009; Sonnenschein et al., 2012; del Río et al., 2017). This finding inspired us to investigate the role that parental beliefs toward mathematics (especially gender stereotypes, self-efficacy and the importance of mathematical activities at home) play for parents’ numeracy practices and children’s early numeracy competencies.



Gender Stereotypes

Gender stereotypes in certain academic areas such as mathematics are often observed in society and they may differ across countries and cultures (Nosek et al., 2009; Breda et al., 2020; Lewis and Lupyan, 2020). As an important part of the societal structure, parents tend to have stereotypes concerning gender and occupation (Breda et al., 2020; del Río et al., 2020). These beliefs are not necessarily developed intentionally, however, they still may impact on children’s own beliefs about mathematics and their actual outcomes (Sonnenschein et al., 2012; del Río et al., 2019, 2020). Gender stereotypes in mathematics can simply be described as favoring one gender over another (e.g., boys can do mathematics better than girls, del Río et al., 2020).

In their systematic review, Gunderson et al. (2012) showed that parents’ gender stereotypes and their expectations directly affected children’s own beliefs, success and achievement in mathematics. These stereotypes do not only impact on their children’s own beliefs and development, they also influence how parents engage with their children while doing mathematical activities. For instance, parents tend to engage with sons more often than with daughters (Jacobs et al., 2005; Nosek et al., 2009; Gunderson et al., 2012; del Río et al., 2017). Moreover, del Río et al. (2017) reported that mothers’ engagement in advanced numeracy activities differed depending on the sex of their child; that is, mothers engaged with boys more often than with girls. Consequently, recent research indicates that parental gender stereotypes seem to impact on parent-child interactions as well as on children’s achievement and development.



Self-Efficacy

Parents’ mathematical self-efficacy also plays an important role for their mathematical beliefs, their own mathematical experiences and achievements, and the mathematical interactions with their children (Missall et al., 2015). Self-efficacy describes the interest in and the ability to achieve certain behaviors successfully (Bandura, 1977). Parental mathematical self-efficacy can thus be defined as parents’ belief of being able to solve mathematical problems and their belief of being able to influence children’s mathematical learning and their environment in a supportive way (Ardelt and Eccles, 2001).

Peacock-Chambers et al. (2017) showed that high levels of parental self-efficacy were associated with a better quality home learning environment. Further, the frequency of informal mathematical activities and its association with children’s numerical understanding was mediated by parents’ mathematical self-efficacy and their attitudes toward mathematics. Here, parents’ mathematical self-efficacy was also linked indirectly to children’s arithmetic skills via informal mathematical activities (Vasilyeva et al., 2018).



Parental Beliefs on the Importance of Mathematical Activities

Parental beliefs about the importance of doing mathematical activities at home are regarded as another important factor that is associated with the HNE and children’s engagement in mathematical activities (e.g., Sonnenschein et al., 2012). Sonnenschein et al. (2012) analyzed parental beliefs on the importance of mathematical activities at home and their relation with children’s mathematical activities at home. Most of the surveyed parents regarded mathematics at home to be very important and only 14% of the parents considered it as being not so important.

Parents who reported mathematical activities at home to be important, not only had a more positive attitude toward supporting children’s mathematical learning, their children also engaged in mathematical activities at home more often (Sonnenschein et al., 2012).

Although the HNE and parental beliefs are associated with children’s numeracy competencies, we still do not know much about potential differences between the beliefs of mothers and fathers, and whether they may be associated differentially to children’s numeracy skills.



Differences in Mothers’ and Fathers’ Mathematical Beliefs and the Numeracy-Related Interactions With Their Child

Previous research on parents’ numeracy activities and the interactions with their children has usually relied on data reported by mothers only (Saracho and Spodek, 2008). However, there is some research that took both mothers and fathers into account. For instance, del Río et al. (2017) showed that mothers’ advanced numeracy-related interactions were a better predictor for children’s numeracy outcomes than fathers’ interactions, suggesting that mother-child and father-child interactions may support children’s learning in different ways. Further, an indirect effect of mothers’ expectations toward mathematics and children’s numeracy outcomes was found through the advanced numeracy activities mothers provided at home, whilst no such association was detected for fathers’ expectations.

Tomasetto et al. (2015) reported a specific role of mothers’ math-gender stereotypes concerning their daughters, but not their sons. del Río et al. (2020) further reported that mothers’ and fathers’ implicit measures both showed a stronger association for mathematics with males than females. Significantly stronger math-gender stereotypes were found for the explicit measures of mothers compared to fathers. In addition, fathers compared to mothers were more convinced that they are good in mathematics.

The scarcity of research that focusses on the differences between mothers and fathers in their beliefs and numeracy activities at home further underlines the need for such studies that examine the relation of these aspects with children’s numeracy outcomes.


The Present Study

In recent years, several studies analyzed the home numeracy activities and parental beliefs (e.g., del Río et al., 2017; Susperreguy et al., 2020). However, only a few studies investigated mothers’ and fathers’ beliefs toward mathematics and potential differences (e.g., Tomasetto et al., 2015; del Río et al., 2017). In addition, few studies considered the associations between children’s sex, children’s numerical competencies and the HNE simultaneously (del Río et al., 2017, 2020). Therefore, in the present study, we will try to identify aspects that influence children’s numeracy competencies. Here, we analyze three types of parents’ mathematical beliefs—namely gender-stereotypes, self-efficacy, and parental beliefs on the importance of mathematical activities at home—and the numeracy practices they conduct with their children at home. One key objective is to investigate potential differences in mothers’ and fathers’ beliefs toward mathematics and their numeracy activities at home and children’s numeracy competencies while considering both parents’ and children’s sex.

Accordingly, we were interested in answering the following four questions:


(1)Do we find measurement invariance for our constructs, when we ask mothers and fathers the same questions?

(2)Do we find differences between mothers’ and fathers’ beliefs toward mathematics (i.e., concerning gender stereotypes, self-efficacy, and beliefs on the importance of mathematical activities at home)?

(3)Is there an association between these aspects and the numeracy-related activities at home and children’s numeracy outcomes?

(4)Do these associations differ for boys and girls?



To answer these questions, we tested the following five hypotheses:


(1)We expected to measure the same constructs (i.e., beliefs and HNE), when we ask mothers and fathers the same questions (i.e., measurement invariance).

(2)We suggest that mothers and fathers will differ significantly in their mathematical gender stereotypes, self-efficacy and the reported importance of mathematical activities at home. Here, we expected mothers to show lower mathematical self-efficacy than fathers (del Río et al., 2019, 2020).

(3)In addition, we hypothesized that mothers who expect boys to excel in mathematics when compared to girls to have a lower mathematical self-efficacy, whereas fathers with the same stereotypes should have a higher mathematical self-efficacy (del Río et al., 2019, 2020).

(4)We expected parents with a greater mathematical self-efficacy who reported less strong gender stereotypes toward mathematics to engage more often in numeracy related activities and to have children who perform better in the numeracy tasks (del Río et al., 2017).

(5)Finally, we expected that the findings and associations will differ significantly dependent on whether the study child is a boy or a girl.







MATERIALS AND METHODS


Sample

We assessed children’s numeracy competencies (NumC) in a sample of N = 310 children (n = 160 girls) with an average age of M = 59.36 months (SD = 3.94) and surveyed both, their mothers and fathers concerning their mathematical self-efficacy (SE), gender stereotypes (GS), beliefs on the importance of mathematical activities at home (IOMA), and the numeracy activities they provide at home to their children (NA). The data was taken from the first measurement point of the second cohort of the EU-funded, 5-year-longitudinal study “Learning4Kids” project (Niklas et al., 2020a). Trained psychologists, educators and research assistants performed the assessments which included standardized numeracy tests to assess children’s numeracy competencies. Further, parents were asked to fill in a written survey assessing SE, GS, IOMA, NA, their family background and children’s characteristics. Here, children’s sex assigned at birth was reported by their parents in our parental survey.

The majority of our sample spoke German as main language (68.1%). Families, whose first language was not German (27.5%) reported 16 different languages as main language and were provided with surveys in their own language when possible (e.g., Turkish, Polish, English, etc.). Before the beginning of the assessments, families were contacted via mail and received a description of the study and the invitation to contact the project team for participation via e-mail or telephone. In a next step, we called all the families who indicated their interest to participate in our study and explained the study requirements and obtained an informal consent. Some of the participating families were recruited through kindergartens. During the family visit, formal consents were collected. All research activities were approved by the European Research Council Executive Agency and the Ethics committee of the Faculty of Psychology and Educational Sciences at the University of Munich.

As our research focuses on differences between fathers’ and mothers’ mathematical beliefs and interactions and as the great majority of children in our sample lived together with both parents, only children for whom data from both, mothers and fathers were available, were included in the analyses.1 Accordingly, about half of the sample (children with complete mother-father dyads) were included in the analytic sample (N = 160, n = 80 girls). Children in this subsample had an average age of M = 59.15 months (SD = 4.05). A potentially biased drop-out between the excluded and all other cases was tested with independent t-tests for our study variables (i.e., numeracy activities, numeracy competencies, beliefs, SES, age, sex). No significant differences between the excluded and all other cases were found (all p’s > 0.05, BF10 < 0.07), except for the beliefs on the IOMA of fathers which were significant (p < 0.05), but the Bayes Factor was low (BF10 = 1.37), indicating that the analytic sample seems to be comparable to the total sample.



Measures


Children’s Numeracy Competencies

All participating children were assessed with various numeracy tests. We used the “Marko-Screening—mathematics and concepts of calculation before school entry” (MARKO-S; Ehlert et al., 2020) which includes 21 items concerning numbers, cardinality, ordinal number bars and number division, inclusion and relations (Cronbach’s α = 0.78 and Mc Donald’s ώ = 0.77). Further, addition and subtraction were tested by an adapted version of the calculation subtest of the “Assessment of basic mathematical competencies in kindergarten” (Krajewski, 2018) with eight items (Cronbach’s α = 0.70 and Mc Donald’s ώ = 0.69). Various subtests from the “Würzburger preschool test: Assessments of literacy and mathematical (precursor) abilities and linguistic competencies in the last year of kindergarten” (Endlich et al., 2017) were applied to assess competencies such as number sequences forward, number sequences backward, number symbol knowledge and knowledge of numerical representations (Cronbach’s α = 0.92 and Mc Donald’s ώ = 0.92). All of the subtests consisted of eight items, except number sequences backward with six and knowledge of numerical representations with 10 items. Afterward, scales were built from all items for each subtest. Finally, children’s numeracy competencies were measured by a latent variable including all numeracy items (Cronbach’s α = 0.93 and Mc Donald’s ώ = 0.93).



Parental Surveys

Both parents completed our surveys (see survey questions in Supplementary Material). The caregiver who was present during the assessments was asked to fill in the main questionnaire which consisted of questions regarding numeracy practices provided at home, family and child characteristics and additionally included questions about the own beliefs toward mathematics. The other parent, who was or was not present during the assessments, was also asked to fill in a survey which only consisted of questions on home numeracy activities and beliefs toward mathematics. The main questionnaire was offered as a paper and pencil survey at home, whereas the additional parental survey was offered either as a paper and pencil survey version or as an online survey version, to assess as many parental pairs as possible.



Numeracy Activities at Home

Parents were asked about informal numeracy-related activities that they do together at home with their children. The NA were measured as a latent variable and contained six items (adapted from Niklas et al., 2016) with questions about parents’ involvement in everyday numeracy activities [e.g., “How often do you involve your child in cooking (e.g., counting, weighing, or measuring ingredients)?] (Mothers’ Cronbach’s α = 0.65 and Mc Donald’s ώ = 0.68; Fathers’ Cronbach’s α = 0.67 and Mc Donald’s ώ = 0.65). Parents rated the items on a 5-point Likert scale (e.g., from several times a week to never). Values of 4–0 were assigned accordingly with higher values indicating more frequent NAs and the values were averaged for both, fathers and mothers.



Parental Beliefs

Parental beliefs toward mathematics were assessed with statements concerning parents’ own mathematical SE, their GS toward mathematics and the IOMA at home. Parental SE was measured with 6 items (Mothers’ Cronbach’s α = 0.75 and Mc Donald’s ώ = 0.87; Fathers’ Cronbach’s α = 0.77 and Mc Donald’s ώ = 0.87) and included statements such as “In school, I was good at math” (see also Skwarchuk et al., 2014; Missall et al., 2015; Susperreguy et al., 2020). Parental GS were surveyed with three items (e.g., “Girls need less assistance than boys in mathematics”) (Mothers’ Cronbach’s α. = 87 and Mc Donald’s ώ = 0.87; Fathers’ Cronbach’s α = 0.88 and Mc Donald’s ώ = 0.89), that are based on work by Tatto et al. (2012), Tomasetto et al. (2015), and Blömeke et al. (2017). Parents were also asked to evaluate the importance of their child doing mathematical activities at home with three items (e.g., “It is important to me that my child does mathematical activities at home”) (Mothers’ Cronbach’s α = 0.50 and Mc Donald’s ώ = 0.50; Fathers’ Cronbach’s α = 0.62 and Mc Donald’s ώ = 0.62) (Sonnenschein et al., 2012). These items were adapted for our study and values of 0–4 were assigned (from “not at all true” to “completely true”).




Statistical Analysis

Data analysis was performed by using IBM SPSS Statistics 28.0 (IBM Corp, 2021), JASP 0.16.0.0 (JASP Team, 2021) and Mplus 8.7 (Muthen and Muthen, 2021). Bayes factors were calculated with JASP (Overstall and King, 2014; Morey and Rouder, 2015; JASP Team, 2021).

The percentage of missing values at the item level of childrens’ variables as well as mothers’ and fathers’ variables was low (max. 8.1%). Children’s missing values ranged from 0.6 to 8.1%. Mothers had a range of missing values from 1.2 to 3.1% and for fathers, missing values ranged from 0.6 to 1.2%.

First, a multiple-group confirmatory factor analysis (MGCFA) was conducted to test our analyzed constructs for mothers and fathers. Here, we implemented the diagonally weighted least square estimator (DWLS, WLSMV in MPLUS) as this estimator is recommended to be used for categorical ordinal data and its usage leads to more reliable results when ordered Likert scales are applied (Li, 2016, 2021; Lionetti et al., 2016). Next, we tested measurement invariance to check the comparability of the constructs for mothers and fathers (see Supplementary Material).

Descriptive statistics of parents’ beliefs toward mathematics and their numeracy activities are shown in Table 1. Bayesian paired t-tests as well as Bayesian repeated-measurement analyses of variance (ANOVA) were applied to test for potential differences between mothers’ and fathers’ beliefs, their NA, and to check whether and how parents’ mean values may vary for boys and girls. Further, Bayesian independent t-tests were conducted to investigate how mothers’ and fathers’ beliefs differ when having a son or a daughter as study child. Additionally, we tested mothers’ and fathers’ values in GS and the reported IOMA against an expected mean value by using Bayesian one-sample t-tests. Here, parents’ answers were reported on a 5-point Likert scale from 0 to 4. The expected mean value of 2 for GS would indicate no perceived differences between boys’ and girls’ mathematical abilities. These analyses are based on the theoretical assumption that boys and girls at kindergarten age do not differ in regard to their numerical abilities (Niklas and Schneider, 2012; Kersey et al., 2018). Consequently, we assume that parents should not attribute more competence to one sex over the other (boys vs. girls). For IOMA, the expected mean value of 2 would indicate, that parents’ regard mathematical activities at home neither as important nor as unimportant. Here, we expected parents would regard the IOMA on average above the mean value of 2 (see Sonnenschein et al., 2012). Finally, a multiple-group structural equation model (MGSEM) was used to analyze the associations of our theoretical model (see Figure 1). To evaluate the model fit, several goodness-of-fit indices were considered: the root mean square error of approximation (RMSEA, ≤ 0.06), the comparative fit index (CFI, ≥ 0.95), and the standardized root mean squared residuals (SRMR, ≤ 0.08) (Hu and Bentler, 1999). Although we also report the Chi-Square goodness-of-fit statistic (X2, p ≥ 0.05), this measure may be oversensitive to minor model misspecifications and sample size (Chen, 2007). Modification indices aligning with theory were considered to improve the model fit. Here, the highest modification indices one after another were added to the model to examine the changes until a sufficient model fit was achieved (Schumacker and Lomax, 2010). All applied modifications are described in our “Results” section.


TABLE 1. Descriptive statistics of parental variables for the total analytic sample and subsamples of boys and girls.

[image: Table 1]

[image: image]

FIGURE 1. Modified theoretical Model of the associations between parents’ beliefs, their numeracy activities and children’s numeracy competencies. NumC, children’s numeracy competencies; NA, numeracy activities at home; GS, gender stereotypes; SE, self-efficacy; IOMA, importance of mathematical activities at home. Sex, children’s sex; Age, children’s age in month. marko-s, Marko-S; nsf, number sequences forward; nsb, number sequences backward; nk, number knowledge; knr, knowledge of number representation; calc. calculation task. Item description of items 1–19 (see Supplementary Material).





RESULTS


Construct Validity and Measurement Invariance

First, we evaluated our measurement models for the study variables using MGCFA. The model fit of the theoretical model was good, except for the SRMR which showed a value slightly above the cut-off [X2(556) = 1024.019, p < 0.01, RMSEA = 0.07, CFI = 0.93, SRMR = 0.08]. To improve the model fit, some modification indices as suggested by MPlus were included after careful theoretical considerations. Here, correlations of item residuals were included by using the WITH statement of MPlus. For mothers’ and fathers’ numeracy activities, a correlation of the item residuals of item 4 with item 5 was included (see item description in Supplementary Material). Further, for parent’s self-efficacy, correlations of the item residuals of items 9 and 10 were included (see item description in Supplementary Material). With the application of these modification indices, our model showed a slightly better model fit [X2(552) = 929.284, p < 0.01, RMSEA = 0.07, CFI = 0.95, SRMR = 0.08]. The Chi-square differentiation test showed a significant p-value (X2 = 124.007, df = 4, p < 0.001), indicating that we can proceed with this modified model.

In order to evaluate whether we assessed equal constructs for mothers and fathers with our parental survey, measurement invariance was tested. For later analyses (i.e., paired t-tests, and MGSEM), scalar invariance was needed to compare the latent means of mothers and fathers. To evaluate the model fit of the observed data, the change of the alternative Comparative Fit Index (CFI; ≤ –0.01) and root mean square error of approximation (RMSEA; ≤ 0.015) was used instead of the very sensitive Chi-Square (X2) (Chen, 2007). For our measurement model, configural invariance was found only. This finding indicates that the results of mothers and fathers cannot be compared in regard to mean difference tests, but that our survey questions seem to measure the same factor structure of our constructs for mothers and fathers (see Supplementary Material). We will continue with the planned comparisons between mothers and fathers, but will discuss this limitation later.



Mothers’ and Fathers’ Beliefs and Home Numeracy Activities

Paired t-tests showed that no significant differences between mothers’ and fathers’ beliefs and numeracy activities were found, with the exception of SE. Here, fathers showed a significantly greater SE toward mathematics than mothers [fathers: M = 3.13, SD = 0.85; mothers: M = 2.83, SD = 0.99; t(158) = –3.08; p < 0.01; BF10 = 8.14, Cohen’s d = –0.24, small effect size]. Further, no significant differences for mothers’ and fathers’ beliefs and numeracy activities were found when the study child’s sex was included in our repeated-measurement ANOVAs. Consequently, no differences for mothers and fathers were found, independent of the sex of the study child.

Further, parents were asked, whether girls have better mathematical competencies and need less support than boys. On average, both mothers and fathers regarded boys to be more competent in mathematics than girls [comparison to expected mean: mothers: t(155) = –8.68, p < 0.01, Log(BF10) = 27.83, Cohen’s d = –0.70, medium effect size; fathers: t(158) = –9.261, p < 0.01, Log(BF10) = 31.34, Cohen’s d = –0.73, medium effect size]. In addition, parents regarded mathematical activities at home to be important on average [comparison to the expected mean: mothers: t(156) = 17,679, p < 0.01, Log(BF10) = 82.33, Cohen’s d = 1.1, large effect size; fathers: t(158) = 13.825, p < 0.01, Log(BF10) = 59.40, Cohen’s d = 1.41, large effect size].



Associations Between Parents’ Beliefs Toward Mathematics, Their Numeracy Activities and Children’s Numeracy Competencies

To evaluate the associations between our study variables, a MGSEM was conducted (see Figure 2).


[image: image]

FIGURE 2. Path analysis of the associations between mothers’ and fathers’ beliefs toward mathematics, their numeracy activities at home, and numeracy competencies of the children. NumC, children‘s numeracy competencies; NA, numeracy activities at home; GS, gender stereotypes; SE, self-efficacy; IOMA, importance of mathematical activities at home. Sex, children’s sex; Age, children’s age in month. Black lines indicate significant associations, and dotted gray lines indicate non-significant associations. **p < 0.01, n.s., non-significant. Path coefficients for mothers/fathers.



Path Analysis

In our model, we expected a direct association between parents’ NA and NumC and an indirect effect of mothers’ and fathers’ beliefs toward mathematics on children’s NumC via the NA. Further, we controlled for children’s sex, age and families’ SES. We used a MGSEM to compare mothers and fathers (see Figure 1). Here, the goodness-of-fit indices suggested a good model fit, with the exception of the SRMR [X2(676) = 864.049, p < 0.001, RMSEA = 0.04, CFI = 0.97, SRMR = 0.11].

Results from our MGSEM demonstrated that mothers’ NA were not significantly (β = 0.096, p > 0.05) associated with children’s NumC (see Figure 2). The indirect paths of mothers’ beliefs on children’s NumC via NA were also not significant. However, mothers’ reported SE was significantly positively associated with their NA (β = 0.319, p < 0.001). In addition, mothers’ IOMA and GS (β = 0.616, p < 0.001) and IOMA and SE (β = 0.251, p < 0.01) were associated, indicating that the attitude of the importance to do mathematical activities at home is accompanied by a more positive attitude that girls are more competent in mathematics than boys. No significant association was found between their GS and their SE. Additionally, children’s age was significantly associated with children’s NumC (β = 0.367, p < 0.001). Here, older children had better outcomes in comparison to younger children. No significant associations were found for children’s sex and families SES and mothers’ beliefs and NA.

For fathers, we found a significant association between their NA and children’s NumC (β = 0.251, p < 0.01). Contrary to mothers, fathers’ beliefs on the IOMA were significantly positively associated with their NA (β = 0.611, p < 0.01). Here, additionally a total indirect effect on children’s NumC was found (β = 0.153, p < 0.05), revealing that fathers who value the importance of mathematical activities to a greater extent also engage more often in numeracy activities at home with their children, who—in turn—show better numeracy abilities. No further indirect effects were found for fathers’ beliefs, their NA and NumC. Their SE and GS were not significantly associated with each other and with the NA. However, there was a significant correlation between fathers’ SE and their beliefs on the IOMA (β = 0.774, p < 0.001), whereas no such association was found for GS and IOMA. In regard to our control variables, SES was positively associated with fathers’ SE (β = 0.338, p < 0.001) and negatively associated with their NA (β = –0.243, p < 0.05). Again, children’s age was associated with children’s NumC (β = 0.401, p < 0.001). No significant associations were found for children’s sex and the other study variables.





DISCUSSION

Children’s early numeracy competency development and later mathematical achievement have been investigated previously, however, many questions about influencing factors such as the HNE or parental beliefs remained unanswered (Niklas and Schneider, 2014, 2017; del Río et al., 2017; Susperreguy et al., 2021). This study investigated potential differences between mothers’ and fathers’ beliefs and numeracy practices at home. Contrary to recent research (Niklas and Schneider, 2014, 2017; Skwarchuk et al., 2014; del Río et al., 2017; Susperreguy et al., 2020), our results only confirmed a significant association of fathers’ numeracy practices at home and children’s numeracy competencies, but not of mothers’ numeracy practices and children’s numeracy competencies. Moreover, our results expand current research (del Río et al., 2020; Susperreguy et al., 2020) by contributing to the identification of further factors that may influence children’s numeracy competency acquisition and parental practices by examining the distinct associations of mothers’ and fathers’ beliefs and child outcomes.

The analyses of measurement invariance (H1) showed that the questions we asked mothers and fathers may have assessed the same factor structure of our constructs for mothers and fathers, however, the means were not equivalent. Here, it may be possible that mothers and fathers have a different understanding of our constructs, as found by Meunier and Roskam (2009) who analyzed self-report self-efficacy and found differing associations for mothers and fathers. Consequently, more research is needed to develop standardized parental surveys that provide not only objective, reliable and valid assessments of parental beliefs, but that are also comparable across main caregivers. Such surveys should include questions about the formal and the informal HNE and may also refer to a broader construct of the home math environment by including further aspects of mathematics as proposed by recent literature (e.g., geometry, spatial activities, patterning, and measurement; Zippert and Rittle-Johnson, 2020; Hornburg et al., 2021). As no scalar measurement invariance was found, our reported findings must be interpreted with caution: No direct comparisons of the values of mothers and fathers are possible. Nevertheless, in the following we try to identify possible explanations for the potential differences we found between mothers and fathers.

Our results showed significant differences between mothers’ and fathers’ beliefs for parents’ self-efficacy (H2). As expected, fathers’ reported mathematical self-efficacy was greater than that of mothers (Hofmann et al., 2005; del Río et al., 2019, 2020). Here, societal and cultural stereotypes might have differential effects on males and females, as, for example, even if women work in STEM-related occupations, they still show lower self-concept scores in mathematics compared to men (Niepel et al., 2019; Breda et al., 2020; Lewis and Lupyan, 2020).

Another possible explanation could be that mothers seem to have a higher level of math anxiety than fathers, which is reflected in their self-assessment. For example, Schmader et al. (2004) showed that stereotypes can cause anxiety, which in turn has a negative effect on the awareness of one’s own abilities. Further, del Río et al. (2017) reported statistically significant higher math anxiety levels for mothers than for fathers, which led to less frequent engagement in mathematical activities. According to Hornburg et al. (2021), cultural influences need to be considered and more research is needed to identify mechanisms that lead to the on average lower SE of mothers. Moreover, as parental attitudes and believes may impact parents’ interactions with their children and children’s own attitudes (e.g., Niklas et al., 2020b), it is important to inform parents, especially mothers, and to intervene early so that any potential detrimental effects for children can be prevented.

Consistent with prior research, fathers and mothers in our sample regarded boys to be more competent in mathematics than girls (del Río et al., 2019, 2020). These results fit with the literature on mathematical gender stereotypes of adults (Nosek et al., 2009; Miller et al., 2015; Breda et al., 2020) and underline the suggestion of del Río et al. (2017), that cultural stereotypes may implicitly influence parents’ own experience of raising their own son or daughter.

As stated before and contrary to current research (Niklas and Schneider, 2014, 2017; Skwarchuk et al., 2014), our findings supported the assumption of a direct association of children’s numeracy competencies and parents’ numeracy-related activities for fathers only, but not for mothers. This finding stands in contrast to results of del Río et al. (2017), who reported a significant association for mothers only. Here, it should be noted that we only measured informal aspects of the HNE (see LeFevre et al., 2009) and that the associations reported by del Río et al. (2017) were found in the context of formal numeracy practices.

Focusing on the formal HNE or using a more comprehensive assessment of the home math environment as suggested in recent literature (e.g., Zippert and Rittle-Johnson, 2020; Hornburg et al., 2021) may lead to more informative and possibly different results. Such an approach may also help to shed light on the inconsistent findings concerning the association of formal and informal numeracy practices with children’s numeracy development (see Elliott and Bachman, 2018). Indeed, analyses with similar measures, but with data from only one main caregiver (mostly mothers) for whom more information about the HNE were assessed, showed that numeracy practices provided at home were a significant predictor of children’s numeracy competencies (Mues et al., 2021).

In regard to further associations of parental beliefs, numeracy activities and children’s numeracy competencies (H3 and H4), our findings showed that mothers with higher SE provided more frequent numeracy activities at home for their children. Similar results have been reported by Peacock-Chambers et al. (2017), who demonstrated that higher parental self-efficacy levels were associated with higher scores in measures of the home learning environment. This would also inversely be in line with findings of del Río et al. (2019), who reported that mothers with lower self-efficacy values provided lower quality numeracy activities for their children. Further, Vasilyeva et al. (2018) reported an indirect effect of parents’ self-efficacy to children’s arithmetic skills via parents’ informal mathematical activities.

Additionally, mothers’ reported IOMA and SE were significantly correlated. This result indicates that higher SE values and the reported IOMA may be mutually dependent (see also Sonnenschein et al., 2012). Our findings in regard to parental beliefs on the importance of doing mathematical activities at home are in line with findings from Sonnenschein et al. (2012, 2016) and demonstrate that both, mothers and fathers endorse the importance of mathematical activities at home.

In contrast to mothers, a significant association between the IOMA and fathers’ NA was found, indicating that the reported belief about the importance of numeracy activities at home is associated with the direct implementation of such activities. We further found an indirect effect of IOMA via NA on children’s numeracy abilities. This result aligns with findings from Sonnenschein et al. (2012), who found comparable results, when measuring parental beliefs and the frequency of children’s numeracy related activities. The higher SE of fathers compared to mothers may play a role for the different associations found for both main caregivers. Although no direct association of fathers’ SE with fathers’ NA were found, SE correlated significantly with fathers’ reported IOMA. Here, further research is needed to understand the causal associations of our measures and why specific associations were found for mothers or fathers only.

Children’s sex, did not show any significant associations with parental beliefs, NA, and child outcomes in any of our analyses (H5; see also De Keyser et al., 2020; Zippert and Rittle-Johnson, 2020). In contrast, for families’ SES, significant associations with fathers’ SE and NA were found, indicating higher SES is associated with a higher SE of fathers, but lower frequencies of NA. Tazouti and Jarlégan (2019) reported similar findings about the positive association between parents’ SES and self-efficacy, but stated that this association was stronger for mothers, contrary to our findings. However, in their analyses, they did not find measurement invariance, and therefore their results must be interpreted with caution.

As fathers are still considered as the main earner in families in many cultural contexts, societal expectations may influence their SE. For instance, gender stereotpyes often lead to women being regarded as less competent compared to men, in particular in the field of science, technology, engineering and mathematics (Niepel et al., 2019; Breda et al., 2020). Finally, our findings are in line with previous research showing a significant association between children’s age and their competencies, with older children outperforming younger ones (e.g., Niklas and Schneider, 2017).

However, in addition to parents’ beliefs and numeracy activities, there are other contributing factors which have a potential impact on children’s numeracy abilities. For instance, Puglisi et al. (2017) did not find a direct association of the informal home literacy environment with children’s literacy skills while controlling for parental factors. They argued that parents’ genetics may also be an important factor for passing on good numerical and mathematical skills onto children. A genetic component on children’s mathematical abilities was also mentioned by Hart et al. (2009), who analyzed data on 314 same-sex twins.

Genetic influences on children’s academic achievement are discussed in numerous studies (see e.g., Ludwig et al., 2013; Baron-Cohen et al., 2014; Davis et al., 2014; Pettigrew et al., 2015). Moreover, prior research also discussed intergenerational transmissions between parents and their children concerning mathematical abilities. Here for example, parents’ approximation number system was associated with toddlers’ number processing, even after controlling for children’s vocabulary and parents’ mathematical abilities (Navarro et al., 2018). Consequently, it is recommended to consider a genetically sensitive design when investigating children’s mathematical abilities in the context of the HNE (Napoli and Purpura, 2018; Hart et al., 2021) and a more differentiated look at parental factors and other influencing aspects is needed. Still, our findings contribute to the understanding of parental aspects that are associated with numeracy-related activities at home and children’s numeracy outcomes (Figure 2).

The fact that our findings are supported by the results and suggestions of previous research, but are also in contrast with some other research (e.g., Sonnenschein et al., 2012; del Río et al., 2017, 2019; Peacock-Chambers et al., 2017; Vasilyeva et al., 2018), underlines the importance of further investigation of parental factors, such as beliefs and home numeracy activities, but also of differences between mothers and fathers. In our view, surveys and questions assessing parents own beliefs and numeracy practices need to be discussed in the context of missing measurement invariance and the prevailing criticism of using self-reported data only in most studies (Missall et al., 2016; Zippert and Rittle-Johnson, 2020). Our findings implicate that we need to improve our measurement methods before investigating the potential differences between mothers and fathers. Further, we suggest that future research should not only take potential differences between mothers and fathers into account, but should also analyze how parents influence each other in their beliefs and activities and thus may together impact on the development of their children.

Further, clearer definitions of different aspects of parents’ beliefs are needed, as we noticed different wordings and definitions for similar items and scales in research. For example, del Río et al. (2020) used the term “parents’ self-concept” when using very similar items and questions that we defined as parental self-efficacy. Additionally, other relevant family characteristics (e.g., children’s and parent’s sex, age, SES etc.) need to be considered and examined concerning their associations with each other, as well as with different aspects of the HNE and children’s numeracy competencies (see Hornburg et al., 2021). We would like to stress the importance of developing novel surveys or of improving existing surveys to measure parental mathematical beliefs and the home mathematical environment and potential differences between parents.

Despite these open questions, our findings underline the need for more practical implications to support children’s early numeracy development. Here, interventions designed to further investigate gender-based differences, self-efficacy beliefs and HNE may improve our understanding and uncover mechanisms that are at work (see Kaya and Lundeen, 2010). For instance, during a parent evening and through playful parent-child activities at the kindergarten, parents can be made aware of the importance of the role their beliefs and actions play for their children’s competency development (Niklas et al., 2016). Another option would be to apply digital interventions, for example via a mobile app which regularly provides useful information or practical tips for parents that they may use in their everyday life together with their children (Niklas et al., 2020a).

Further, a long-term intervention program with early childhood teachers showed change and modifications in beliefs toward mathematics as well as in their pedagogical content knowledge (Bruns et al., 2017). Kaya and Lundeen (2010) reported an effective intervention in the context of parents’ attitudes and interest in science by applying an interactive home, school and community collaboration. Their findings showed that family interactions and parents’ attitudes toward science became more positive and the interest in the involvement of elementary science increased due to the intervention. Consequently, we assume that interventions including information on the HNE and gender-based differences, and enabling parents to inform themselves about these topics and share their thoughts, feelings and ideas in a group accompanied by a professional will lead to a better understanding and a potential change of their belief set. Such interventions may also influence parental abilities, attitudes, and feelings about mathematics, but more importantly might also improve the relationship with their children and positively impact on children’s beliefs and competencies.


Limitations and Further Research

Our study has several limitations that need to be considered when interpreting these findings. First, we only used cross-sectional data, so that no causal interpretation of our findings is possible. Longitudinal data collection and using a mixed-method approach would allow a greater insight onto this topic. However, many of our results align with findings of recent research (Sonnenschein et al., 2012; del Río et al., 2017, 2019, 2020).

Second, due to missing data, we only were able to analyze data from a reduced sample (N = 160). There were minor differences between fathers who remained and fathers who dropped out in regard to the IOMA, which needs to be taken into account when interpreting the results.

Third, we could not establish scalar measurement invariance between mothers and fathers as stated in our discussion. Therefore, all comparisons between mothers and fathers need to be interpreted cautiously. However, our descriptive analyses still provide very important information and indicate that studies should consider the sex of both, parents and children. Here, new measurement instruments are needed that work similarly for mothers and fathers (see also Hornburg et al., 2021). In addition, we did not test for potential differences between the different language versions of our survey items and this needs to be considered when interpreting the results of families with a language background other than German.

Fourth, our IOMA scale showed a low internal inconsistency, which might be driven partly by the fact that it only included three items. Here, a more comprehensive assessment of IOMA would be helpful for a more reliable measure.

Fifth, we did not control for siblings of the study child. Consequently, the results for parents need to be interpreted with caution, as siblings of the same or different sex may also influence parental mathematical beliefs and activities as well as children’s numeracy competencies.

Sixth, our findings rely on self-reported data of parents only, which may lead to biased and social desirable answers (Missall et al., 2016; Zippert and Rittle-Johnson, 2020). Here, parent-child interactions captured by observational measures or qualitative data on more specific aspects and actions at home assessed through interviews may be useful additional methods of data collection.

In our research, we focussed on mothers and fathers as these were the most common main caregivers for the children in our sample. Here, we only assessed heteronormative families as our total sample included only one case that differed from the majority. However, it would also be of great interest to investigate whether the results would change for same-sex parents or other caregivers (e.g., grandparents).

Seventh, it should be mentioned that the current study did not use a genetically sensitive design. Future research should consider both environmental and genetic factors when investigating associations of children’s numeracy abilities and family characteristics.

Finally, it has to be mentioned that the sex of the children was reported as a binary construct in our study only which is consistent with the historical approach in this field but is questioned in latest research regarding its adequacy (see e.g., Berner et al., 2020). However, for the age group analyzed in our study, we still believe that a binary classification will be appropriate for almost all children.




CONCLUSION

Our findings indicate that parents regard boys to be more competent in mathematics than girls. Additionally, parents’ self-efficacy differed with mothers showing a lower mathematical self-efficacy compared to fathers. Further, mothers’ mathematical self-efficacy and fathers’ reported importance of mathematical activities at home correlated with actual numeracy activities at home. Only the frequency with which fathers engaged in numeracy activities with their child were positively associated with children’s numeracy competencies.

Moreover our findings raise very important questions for the field of educational psychology: What do we measure when we assess mathematical beliefs and activities of one main caregiver via survey only? How would results differ when both main caregivers are surveyed with questionnaires that show scalar measurement invariance? Are the findings valid for both, boys and girls, or do we need to put a greater focus on parental and child sex differences from early age onward?

Our results indicate that we are still in need of better, standardized and thoroughly evaluated assessment tools (see also Hornburg et al., 2021). Further, more research on the various influencing factors and their interaction in the context of children’s numeracy competency development is needed. Our findings demonstrate that there may be relevant differences between mothers’ and fathers’ beliefs and numeracy activities at home, which need to be considered for a better understanding of children’s early numeracy development.

The main goal should be to support children’s competencies development regardless of the main caregiver’s and the child’s sex. Consequently, we also need more detailed information about existing differences and about how best to support children and their parents according to the individual needs of the child. Future research should consider and analyze practical implications which will provide more insight into topics such as HNE and beliefs toward mathematics and which will lead to parental awareness on the importance of the role their beliefs and actions play for their children’s competencies development.
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FOOTNOTES

1 One single case of a mother-mother dyad was present in our sample. Consequently, this case had to be excluded for statistical reasons.


REFERENCES

Anders, Y., Rossbach, H.-G., Weinert, S., Ebert, S., Kuger, S., Lehrl, S., et al. (2012). Home and preschool learning environments and their relations to the development of early numeracy skills. Early Child. Res. Q. 27, 231–244. doi: 10.1016/j.ecresq.2011.08.003

Ardelt, M., and Eccles, J. S. (2001). Effects of mothers’ parental efficacy beliefs and promotive parenting strategies on inner-city youth. J. Fam. Issues 22, 944–972. doi: 10.1177/019251301022008001

Baker, C. E. (2014). African American fathers’ contributions to children’s early academic achievement: evidence from two-parent families from the early childhood longitudinal study–birth cohort. Early Educ. Dev. 25, 19–35. doi: 10.1080/10409289.2013.764225

Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change. Psychol. Rev. 84, 191–215. doi: 10.1037/0033-295x.84.2.191

Baron-Cohen, S., Murphy, L., Chakrabarti, B., Craig, I., Mallya, U., Lakatošová, S., et al. (2014). A genome wide association study of mathematical ability reveals an association at chromosome 3q29, a locus associated with autism and learning difficulties: a preliminary study. PLoS One 9:e96374. doi: 10.1371/journal.pone.0096374

Benz, C. (2012). Attitudes of kindergarten educators about math. J. Für Mathematik Didaktik 33, 203–232. doi: 10.1007/s13138-012-0037-7

Berner, N., Rosenkranz, L., and Schütz, J. (2020). “Geschlecht als variable in der quantitativen bildungsforschung [Gender as a variable in educational research],” in Methoden und Methodologien in der Erziehungswissenschaftlichen Geschlechterforschung, eds M. Kubandt, M. Kubandt, and J. Schütz (Opladen: Verlag Barbara Budrich), 26–44.

Blevins-Knabe, B., Austin, A. B., Musun, L., Eddy, A., and Jones, R. M. (2000). Family home care providers’ and parents’ beliefs and practices concerning mathematics with young children. Early Child Dev. Care 165, 41–58. doi: 10.1080/0300443001650104

Blömeke, S., Dunekacke, S., and Jenßen, L. (2017). Cognitive, educational and psychological determinants of prospective preschool teachers’ beliefs. Eur. Early Child. Educ. Res. J. 25, 885–903. doi: 10.1080/1350293X.2017.1380885

Breda, T., Jouini, E., Napp, C., and Thebault, G. (2020). Gender stereotypes can explain the gender-equality paradox. Proc. Natl. Acad. Sci. U. S. A. 117, 31063–31069. doi: 10.1073/pnas.2008704117

Bronfenbrenner, U., and Morris, P. A. (2006). “The bioecological model of human development,” in Handbook of Child Psychology: Theoretical Models of Human Development, eds W. Damon and R. M. Lerner (Hoboken, NJ: Wiley).

Bruns, J., Eichen, L., and Gasteiger, H. (2017). Mathematics-related competence of early childhood teachers visiting a continuous professional development course: an intervention study. Math. Teach. Educ. Dev. 19, 76–93.

Burghardt, L., Linberg, A., Lehrl, S., and Konrad-Ristau, K. (2020). The relevance of the early years home and institutional learning environments for early mathematical competencies. J. Educ. Res. Online 12, 103–125.

Cabrera, N. J., Tamis-LeMonda, C. S., Bradley, R. H., Hofferth, S., and Lamb, M. E. (2000). Fatherhood in the twenty-first century. Child Dev. 71, 127–136. doi: 10.1111/1467-8624.00126

Chen, F. F. (2007). Sensitivity of goodness of fit indexes to lack of measurement invariance. Struct. Equat. Model. 14, 464–504. doi: 10.1080/10705510701301834

Cohrssen, C., and Niklas, F. (2019). Using mathematics games in preschool settings to support the development of children’s numeracy skills. Int. J. Early Years Educ. 27, 322–339. doi: 10.1080/09669760.2019.1629882

Cohrssen, C., Tayler, C., and Cloney, D. (2014). Playing with maths: implications for early childhood mathematics teaching from an implementation study in Melbourne, Australia. Education 3-13 43, 641–652. doi: 10.1080/03004279.2013.848916

Davis, O. S. P., Band, G., Pirinen, M., Haworth, C. M. A., Meaburn, E. L., Kovas, Y., et al. (2014). The correlation between reading and mathematics ability at age twelve has a substantial genetic component. Nat. Commun. 5:4204. doi: 10.1038/ncomms5204

De Keyser, L., Bakker, M., Rathé, S., Wijns, N., Torbeyns, J., Verschaffel, L., et al. (2020). No association between the home math environment and numerical and patterning skills in a large and diverse sample of 5- to 6-year-olds. Front. Psychol. 11:547626. doi: 10.3389/fpsyg.2020.547626

DeFlorio, L., and Beliakoff, A. (2015). Socioeconomic status and preschoolers’ mathematical knowledge: the contribution of home activities and parent beliefs. Early Educ. Dev. 26, 319–341. doi: 10.1080/10409289.2015.968239

del Río, M. F., Strasser, K., Cvencek, D., Susperreguy, M. I., and Meltzoff, A. N. (2019). Chilean kindergarten children’s beliefs about mathematics: family matters. Dev. Psychol. 55, 687–702. doi: 10.1037/dev0000658

del Río, M. F., Susperreguy, M. I., Strasser, K., Cvencek, D., Iturra, C., Gallardo, I., et al. (2020). Early sources of children’s math achievement in chile: the role of parental beliefs and feelings about math. Early Educ. Dev. 32, 637–652. doi: 10.1080/10409289.2020.1799617

del Río, M. F., Susperreguy, M. I., Strasser, K., and Salinas, V. (2017). Distinct influences of mothers and fathers on kindergartners’ numeracy performance: the role of math anxiety, home numeracy practices, and numeracy expectations. Early Educ. Dev. 28, 939–955. doi: 10.1080/10409289.2017.1331662

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., et al. (2007). School readiness and later achievement. Dev. Psychol. 43, 1428–1446. doi: 10.1037/0012-1649.43.6.1428

Eccles, J. S., Adler, T. F., Futtermann, R., Goff, S. B., Kaczala, C. M., Meece, J. L., et al. (1983). “Expectancies, values, and academic behaviors,” in Achievement and Achievement Motivation, ed. J. T. Spence (New York, NY: W. H. Freeman), 75–146.

Ehlert, A., Ricken, G., and Fritz, A. (2020). MARKO-Screening - Mathematik- und Rechenkonzepte im Vorschulalter - Screening [MARKO-Screening - Mathematics and Concepts of Calculation before School Entry]. Göttingen: Hogrefe.

Elliott, L., and Bachman, H. J. (2018). How do parents foster young children’s math skills? Child Dev. Perspect. 12, 16–21. doi: 10.1111/cdep.12249

Endlich, D., Berger, N., Küspert, P., Lenhard, W., Marx, P., Weber, J., et al. (2017). WVT: Würzburger Vorschultest: Erfassung schriftsprachlicher und mathematischer (Vorläufer-) Fertigkeiten und sprachlicher Kompetenzen im letzten Kindergartenjahr [WVT: Würzburg preschool test: Assessment of literacy and mathematical (precursor) abilities and linguistic competencies in the last year of kindergarten]. Göttingen: Hogrefe.

Gasteiger, H., and Moeller, K. (2021). Fostering early numerical competencies by playing conventional board games. J. Exp. Child Psychol. 204:105060. doi: 10.1016/j.jecp.2020.105060

Geary, D. C., Bailey, D. H., Littlefield, A., Wood, P., Hoard, M. K., and Nugent, L. (2009). First-grade predictors of mathematical learning disability: a latent class trajectory analysis. Cogn. Dev. 24, 411–429. doi: 10.1016/j.cogdev.2009.10.001

Gould, P. (2012). What number knowledge do children have when starting Kindergarten in NSW? Aust. J. Early Child. 37, 105–110. doi: 10.1177/183693911203700314

Gunderson, E. A., Ramirez, G., Levine, S. C., and Beilock, S. L. (2012). The role of parents and teachers in the development of gender-related math attitudes. Sex Roles 66, 153–166. doi: 10.1007/s11199-011-9996-2

Hart, S. A., Little, C., and van Bergen, E. (2021). Nurture might be nature: cautionary tales and proposed solutions. NPJ Sci. Learn. 6, 1–12. doi: 10.1038/s41539-020-00079-z

Hart, S. A., Petrill, S. A., Thompson, L. A., and Plomin, R. (2009). The ABCs of math: a genetic analysis of mathematics and its links with reading ability and general cognitive ability. J. Educ. Psychol. 101, 388–402. doi: 10.1037/a0015115

Hofmann, W., Gawronski, B., Gschwendner, T., Le, H., and Schmitt, M. (2005). A meta-analysis on the correlation between the implicit association test and explicit self-report measures. Pers. Soc. Psychol. Bull. 31, 1369–1385. doi: 10.1177/0146167205275613

Hornburg, C. B., Borriello, G. A., Kung, M., Lin, J., Litkowski, E., Cosso, J., et al. (2021). Next directions in measurement of the home mathematics environment: an international and interdisciplinary perspective. J. Numer. Cogn. 7, 195–220. doi: 10.5964/jnc.6143

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: conventional criteria versus new alternatives. Struct. Equat. Model. 6, 1–55. doi: 10.1080/10705519909540118

IBM Corp (2021). IBM SPSS Statistics for Windows (Version 28) [Computer software]. Armonk, NY: IBM Corp.

Jacobs, J. E., Davis-Kean, P., Bleeker, M., Eccles, J. S., and Malanchuk, O. (2005). “I can, but I don’t want to”: the impact of parents, interests, and activities on gender differences in math,” in Gender Differences in Mathematics: An Integrative Psychological Approach, eds A. M. Gallagher and J. C. Kaufman (Cambridge: Cambridge University Press).

JASP Team (2021). JASP (Version 0.16.0.0) [Computer software]. Available online at: https://jasp-stats.org/download/ [accessed on February 16, 2022].

Jordan, N. C., Glutting, J., and Ramineni, C. (2010). The importance of number sense to mathematics achievement in first and third grades. Learn. Individ. Differ. 20, 82–88. doi: 10.1016/j.lindif.2009.07.004

Jordan, N. C., Kaplan, D., Locuniak, M. N., and Ramineni, C. (2007). Predicting first-grade math achievement from developmental number sense trajectories. Learn. Disabil. Res. Pract. 22, 36–46. doi: 10.1111/j.1540-5826.2007.00229.x

Jordan, N. C., Kaplan, D., Nabors Oláh, L., and Locuniak, M. N. (2006). Number sense growth in kindergarten: a longitudinal investigation of children at risk for mathematics difficulties. Child Dev. 77, 153–175. doi: 10.1111/j.1467-8624.2006.00862.x

Jordan, N. C., Kaplan, D., Ramineni, C., and Locuniak, M. N. (2009). Early math matters: kindergarten number competence and later mathematics outcomes. Dev. Psychol. 45, 850–867. doi: 10.1037/a0014939

Kaya, S., and Lundeen, C. (2010). Capturing parents’ individual and institutional interest toward involvement in science education. J. Sci. Teach. Educ. 21, 825–841.

Kersey, A. J., Braham, E. J., Csumitta, K. D., Libertus, M. E., and Cantlon, J. F. (2018). No intrinsic gender differences in children’s earliest numerical abilities. NPJ Sci. Learn. 3:12. doi: 10.1038/s41539-018-0028-7

Kleemans, T., Peeters, M., Segers, E., and Verhoeven, L. (2012). Child and home predictors of early numeracy skills in kindergarten. Early Child. Res. Q. 27, 471–477. doi: 10.1016/j.ecresq.2011.12.004

Krajewski, K. (2018). MBK 0. Test Mathematischer Basiskompetenzen im Kindergartenalter [MBK 0. Assessment of basic Mathematical Competencies in Kindergarten age], 1st Edn. Göttingen: Hogrefe.

Krajewski, K., and Schneider, W. (2009). Early development of quantity to number-word linkage as a precursor of mathematical school achievement and mathematical difficulties: findings from a four-year longitudinal study. Learn. Instruct. 19, 513–526. doi: 10.1016/j.learninstruc.2008.10.002

LeFevre, J. A., Polyzoi, E., Skwarchuk, S. L., Fast, L., and Sowinski, C. (2010). Do home numeracy and literacy practices of Greek and Canadian parents predict the numeracy skills of kindergarten children? Int. J. Early Years Educ. 18, 55–70. doi: 10.1080/09669761003693926

LeFevre, J. A., Skwarchuk, S. L., Smith-Chant, B., Fast, L., Kamawar, D., and Bisanz, J. (2009). Home numeracy experiences and children’s math performance in the early school years. Can. J. Behav. Sci. 41, 55–66.

Lewis, M., and Lupyan, G. (2020). Gender stereotypes are reflected in the distributional structure of 25 languages. Nat. Hum. Behav. 4, 1021–1028. doi: 10.1038/s41562-020-0918-6

Li, C.-H. (2016). The performance of ML, DWLS, and ULS estimation with robust corrections in structural equation models with ordinal variables. Psychol. Methods 21, 369–387. doi: 10.1037/met0000093

Li, C.-H. (2021). Statistical estimation of structural equation models with a mixture of continuous and categorical observed variables. Behav. Res. Methods 53, 2191–2213. doi: 10.3758/s13428-021-01547-z

Lionetti, F., Keijsers, L., Dellagiulia, A., and Pastore, M. (2016). Evidence of factorial validity of parental knowledge, control and solicitation, and adolescent disclosure scales: when the ordered nature of likert scales matters. Front. Psychol. 7:941. doi: 10.3389/fpsyg.2016.00941

Ludwig, K. U., Sämann, P., Alexander, M., Becker, J., Bruder, J., Moll, K., et al. (2013). A common variant in myosin-18B contributes to mathematical abilities in children with dyslexia and intraparietal sulcus variability in adults. Transl. Psychiatry 3:e229. doi: 10.1038/tp.2012.148

Melhuish, E., Ereky-Stevens, K., Ariescu, A., Penderi, E., Rentzou, K., Tawell, A., et al. (2015). A Review of Research on the Effects of Early Childhood Education and Care (ECEC) upon child development: CARE project; Curriculum Quality Analysis and Impact Review of European Early Childhood Education and Care (ECEC). Available online at: file:///C:/Users/ra29coz/AppData/Local/Temp/new_version_CARE_WP4_D4_1_Review_on_the_effects_of_ECEC.pdf [accessed on December 11, 2016].

Meunier, J.-C., and Roskam, I. (2009). Self-efficacy beliefs amongst parents of young children: validation of a self-report measure. J. Child Fam. Stud. 18, 495–511. doi: 10.1007/s10826-008-9252-8

Miller, D. I., Eagly, A. H., and Linn, M. C. (2015). Women’s representation in science predicts national gender-science stereotypes: evidence from 66 nations. J. Educ. Psychol. 107, 631–644. doi: 10.1037/edu0000005

Missall, K., Hojnoski, R. L., Caskie, G. I. L., and Repasky, P. (2015). Home numeracy environments of preschoolers: examining relations among mathematical activities, parent mathematical beliefs, and early mathematical skills. Early Educ. Dev. 26, 356–376. doi: 10.1080/10409289.2015.968243

Missall, K. N., Hojnoski, R. L., and Moreano, G. (2016). Parent–child mathematical interactions: examining self-report and direct observation. Early Child Dev. Care 187, 1896–1908. doi: 10.1080/03004430.2016.1193731

Morey, R. D., and Rouder, I. N. (2015). Computation of Bayes Factors for Common Designs [R package BayesFactor version 0.9.11-1.]. Comprehensive R Archive Network (CRAN). Available Online at: https://cran.r-project.org/web/packages/BayesFactor/index.html [accessed on December 13, 2021].

Mues, A., Birtwistle, E., Wirth, A., and Niklas, F. (2021). Parental (STEM) occupations, the home numeracy environment, and kindergarten children’s numerical competencies. Educ. Sci. 11:819. doi: 10.3390/educsci11120819

Muthen, L. K., and Muthen, B. O. (2021). MPlus User’s Guide, 8th Edn. Los Angeles, CA: Muthén & Muthén.

Napoli, A. R., and Purpura, D. J. (2018). The home literacy and numeracy environment in preschool: cross-domain relations of parent-child practices and child outcomes. J. Exp. Child Psychol. 166, 581–603. doi: 10.1016/j.jecp.2017.10.002

Navarro, M. G., Braham, E. J., and Libertus, M. E. (2018). Intergenerational associations of the approximate number system in toddlers and their parents. Br. J. Dev. Psychol. 36, 521–539. doi: 10.1111/bjdp.12234

Nguyen, T., Watts, T. W., Duncan, G. J., Clements, D. H., Sarama, J. S., Wolfe, C., et al. (2016). Which preschool mathematics competencies are most predictive of fifth grade achievement? Early Child. Res. Q. 36, 550–560. doi: 10.1016/j.ecresq.2016.02.003

Niepel, C., Stadler, M., and Greiff, S. (2019). Seeing is believing: gender diversity in STEM is related to mathematics self-concept. J. Educ. Psychol. 111, 1119–1130. doi: 10.1037/edu0000340

Niklas, F., Annac, E., and Wirth, A. (2020a). App-based learning for kindergarten children at home (Learning4Kids): study protocol for cohort 1 and the kindergarten assessments. BMC Pediatr. 20:554. doi: 10.1186/s12887-020-02432-y

Niklas, F., Cohrssen, C., and Tayler, C. (2016). Improving preschoolers’ numerical abilities by enhancing the home numeracy environment. Early Educ. Dev. 27, 372–383. doi: 10.1080/10409289.2015.1076676

Niklas, F., and Schneider, W. (2012). Die Anfänge geschlechtsspezifischer Leistungsunterschiede in mathematischen und schriftsprachlichen Kompetenzen [The beginning of gender-based performance differences in mathematics and linguistic competencies]. Z. Entwicklungspsychol. Pädagog. Psychol. 44, 123–138. doi: 10.1026/0049-8637/a000064

Niklas, F., and Schneider, W. (2014). Casting the die before the die is cast: the importance of the home numeracy environment for preschool children. Eur. J. Psychol. Educ. 29, 327–345. doi: 10.1007/s10212-013-0201-6

Niklas, F., and Schneider, W. (2017). Home learning environment and development of child competencies from kindergarten until the end of elementary school. Contemp. Educ. Psychol. 49, 263–274. doi: 10.1016/j.cedpsych.2017.03.006

Niklas, F., Wirth, A., Guffler, S., Drescher, N., and Ehmig, S. C. (2020b). The home literacy environment as a mediator between parental attitudes toward shared reading and children’s linguistic competencies. Front. Psychol. 11:1628. doi: 10.3389/fpsyg.2020.01628

Nosek, B. A., Smyth, F. L., Sriram, N., Lindner, N. M., Devos, T., Ayala, A., et al. (2009). National differences in gender-science stereotypes predict national sex differences in science and math achievement. Proc. Natl. Acad. Sci. U. S. A. 106, 10593–10597. doi: 10.1073/pnas.0809921106

Overstall, A. M., and King, R. (2014). Conting: an r package for bayesian analysis of complete and incomplete contingency tables. J. Stat. Softw. 58, 1–27. doi: 10.18637/jss.v058.i07

Peacock-Chambers, E., Martin, J. T., Necastro, K. A., Cabral, H. J., and Bair-Merritt, M. (2017). The influence of parental self-efficacy and perceived control on the home learning environment of young children. Acad. Pediatr. 17, 176–183. doi: 10.1016/j.acap.2016.10.010

Pettigrew, K. A., Fajutrao Valles, S. F., Moll, K., Northstone, K., Ring, S., Pennell, C., et al. (2015). Lack of replication for the myosin-18B association with mathematical ability in independent cohorts. Genes Brain Behav. 14, 369–376. doi: 10.1111/gbb.12213

Puglisi, M. L., Hulme, C., Hamilton, L. G., and Snowling, M. J. (2017). The home literacy environment is a correlate, but perhaps not a cause, of variations in children’s language and literacy development. Sci. Stud. Read. 21, 498–514. doi: 10.1080/10888438.2017.1346660

Saracho, O. N., and Spodek, B. (2008). Fathers: the ‘invisible’ parents. Early Child Dev. Care 178, 821–836. doi: 10.1080/03004430802352244

Schmader, T., Johns, M., and Barquissau, M. (2004). The costs of accepting gender differences: the role of stereotype endorsement in women’s experience in the math domain. Sex Roles 50, 835–850. doi: 10.1023/B:SERS.0000029101.74557.a0

Schumacker, R. E., and Lomax, R. G. (2010). A Beginner’s Guide to Structural Equation Modeling, 3. Edn. Oxfordshire: Routledge.

Skwarchuk, S.-L. (2009). How do parents support preschoolers’ numeracy learning experiences at home? Early Child. Educ. J. 37, 189–197. doi: 10.1007/s10643-009-0340-1

Skwarchuk, S.-L., Sowinski, C., and LeFevre, J.-A. (2014). Formal and informal home learning activities in relation to children’s early numeracy and literacy skills: the development of a home numeracy model. J. Exp. Child Psychol. 121, 63–84. doi: 10.1016/j.jecp.2013.11.006

Sonnenschein, S., Galindo, C., Metzger, S. R., Thompson, J. A., Huang, H. C., and Lewis, H. (2012). Parents’ beliefs about children’s math development and children’s participation in math activities. Child Dev. Res. 2012, 851657. doi: 10.1155/2012/851657

Sonnenschein, S., Metzger, S. R., and Thompson, J. A. (2016). Low-income parents’ socialization of their preschoolers’ early reading and math skills. Res. Hum. Dev. 13, 207–224. doi: 10.1080/15427609.2016.1194707

Susperreguy, M. I., Douglas, H., Xu, C., Molina-Rojas, N., and LeFevre, J.-A. (2020). Expanding the home numeracy model to chilean children: relations among parental expectations, attitudes, activities, and children’s mathematical outcomes. Early Child. Res. Q. 50, 16–28. doi: 10.1016/j.ecresq.2018.06.010

Susperreguy, M. I., Jiménez Lira, C., Xu, C., LeFevre, J.-A., Blanco Vega, H., Benavides Pando, E. V., et al. (2021). Home learning environments of children in mexico in relation to socioeconomic status. Front. Psychol. 12:626159. doi: 10.3389/fpsyg.2021.626159

Tatto, M. T., Schwille, J., Senk, S. L., Ingvarson, L., Rowley, G., Peck, R., et al. (2012). Policy, Practice, and Readiness to Teach Primary and Secondary Mathematics in 17 countries: Findings from the IEA Teacher Education and Development Study in Mathematics (TEDS-M). Paris: IEA.

Tazouti, Y., and Jarlégan, A. (2019). The mediating effects of parental self-efficacy and parental involvement on the link between family socioeconomic status and children’s academic achievement. J. Fam. Stud. 25, 250–266. doi: 10.1080/13229400.2016.1241185

Tomasetto, C., Mirisola, A., Galdi, S., and Cadinu, M. (2015). Parents’ math–gender stereotypes, children’s self-perception of ability, and children’s appraisal of parents’ evaluations in 6-year-olds. Contemp. Educ. Psychol. 42, 186–198. doi: 10.1016/j.cedpsych.2015.06.007

Vasilyeva, M., Laski, E., Veraksa, A., Weber, L., and Bukhalenkova, D. (2018). Distinct pathways from parental beliefs and practices to children’s numeric skills. J. Cogn. Dev. 19, 345–366. doi: 10.1080/15248372.2018.1483371

Vygotsky, L. S. (1980). Mind in Society: The Development of Higher Psychological Processes. Cambridge, MA: Harvard University Press.

Zippert, E. L., and Rittle-Johnson, B. (2020). The home math environment: more than numeracy. Early Child. Res. Q. 50, 4–15. doi: 10.1016/j.ecresq.2018.07.009


Conflict of Interest: 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Mues, Wirth, Birtwistle and Niklas. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.











	 
	ORIGINAL RESEARCH
published: 16 May 2022
doi: 10.3389/feduc.2022.840618





[image: image]

Social Contexts and Gender Disparities in Students’ Competence Beliefs: The Role of Gender-Stereotypical Beliefs and Achievement Patterns in the Classroom for Students’ Self-Concept in Gender-Stereotypical Subjects

Ida G. Andersen* and Emil Smith

Department of Educational Sociology, Danish School of Education, Aarhus University, Aarhus, Denmark

Edited by:
Daniela Barni, University of Bergamo, Italy

Reviewed by:
Marlene Kollmayer, University of Vienna, Austria
Malte Jansen, Institute for Educational Quality Improvement (IQB), Germany

*Correspondence: Ida G. Andersen, idagran@edu.au.dk

Specialty section: This article was submitted to Educational Psychology, a section of the journal Frontiers in Education

Received: 21 December 2021
Accepted: 28 March 2022
Published: 16 May 2022

Citation: Andersen IG and Smith E (2022) Social Contexts and Gender Disparities in Students’ Competence Beliefs: The Role of Gender-Stereotypical Beliefs and Achievement Patterns in the Classroom for Students’ Self-Concept in Gender-Stereotypical Subjects. Front. Educ. 7:840618. doi: 10.3389/feduc.2022.840618

This study investigated the role of social contexts for gender disparities in education by examining the associations between gender-stereotypical beliefs (GSB) of students, peers, and teachers and gender achievement patterns in the classroom and students’ self-concept in language and math. We applied multilevel models with school fixed effects to a unique sample of combined survey and register data from Denmark to analyze detailed learning environments within schools and their correlations with gender differences in self-concept across subject domains. Results showed a gender gap in favor of boys in mathematics, net of academic achievement that were consistent across classrooms. In language, the influence of gender varied across classrooms. Furthermore, although GSB and gender achievement patterns did not alter the gender gap in either language or mathematics, we found that they moderated the relationship between gender and self-concept in heterogeneous ways across subjects. While teachers’ GSB increased the gender gap in language by decreasing boys’ self-concept, the students’ own GSB was more important for students’ self-concept in mathematics. Moreover, girls’ mathematics self-concept was lower in classrooms, in which, female peers had a relatively higher level of mathematics achievement compared to boys, suggesting that counter-stereotypical achievement patterns in the classroom do not increase students’ self-concept in subjects with strong gender stereotypes. On the contrary, girls are most likely to compare themselves to female peers, resulting in a negative association with self-evaluations. Our results highlighted the role played by social contexts in schools in the generation of gender differences in self-concept in traditionally stereotyped subject domains, but also showed important differences in how boys and girls were affected by their learning environments across different subject domains, suggesting there are different mechanisms at play.
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INTRODUCTION

Recent decades have seen considerable change in patterns of gender disparities in education. Two notable tendencies are evident and contribute to a complex pattern of vertical and horizontal gender inequality. On the one hand, women have increased their levels of participation in tertiary education and have now surpassed men in terms of educational attainment, both in the United States (DiPrete and Buchmann, 2013) and in most European countries (Vincent-Lancrin, 2008). Furthermore, studies have shown that female students outperform male students in most subject domains, particularly in language (Voyer and Voyer, 2014; Reilly et al., 2019). However, while female students a few decades ago had almost universally lower academic achievement in STEM (Science, Technology, Engineering, and Math)-related subjects compared to male students (Reilly, 2012), there has been a slight decline in the number of countries with gender achievement gaps in mathematics (Hyde et al., 2008; Else-Quest et al., 2010; OECD, 2019) and the gender gap in science now favors girls in most countries (Neuschmidt et al., 2008; Mullis et al., 2020). On the other hand, despite women’s higher levels of vertical educational attainment, strong horizontal gender segregation persists. Accordingly, women remain underrepresented in most STEM fields and particularly within math-intensive fields (UNESCO, 2017; McNally, 2020). Whether horizontal segregation constitutes a problem is open to debate. Nevertheless, research has suggested that horizontal segregation, beginning as early as in upper secondary education, is linked to subsequent inequality in the labor market, with math-intensive tracks providing the greatest advantages (Birkelund et al., 2021).

An important conclusion from prior research is that disparity in academic and educational outcomes do not reflect inherent gender differences, but are a result of culturally embedded gender beliefs in the form of stereotypes—that is, a belief or set of beliefs regarding the characteristics, attributes, or behaviors of a particular group or category of people (Hilton and Von Hippel, 1996). Empirical research has shown that gender disparities in prior academic achievement cannot alone explain gender differences in entry to STEM fields (Riegle-Crumb et al., 2012). Combined with variations in gender disparities in educational outcomes across national contexts and cohorts (Penner, 2008), these findings support sociological theories on the social nature of gender. Although gender can be perceived as a social structure with importance for educational stratification (Risman, 2004; England, 2010), gender is not a fixed category, but a social construction constituted through a multilayered system of macro-level structures and cultural beliefs, as well as micro-level contexts of personal interactions and exchanges (Correll, 2004; Ridgeway and Correll, 2004). Accordingly, it has been suggested that gender is likely to be more salient in some social interactions than in others and different social settings may activate certain stereotypes or social scripts regarding gender identity and achievement (Ridgeway, 2009). So far, research has tended to focus on a specific dimension of gender differences (e.g., boys’ lower reading scores or girls’ under-representation in STEM), thus, providing important yet narrow explanations for the existence of such differences (Legewie and DiPrete, 2014; Mann et al., 2015; Retelsdorf et al., 2015; Riegle-Crumb and Morton, 2017; Muntoni and Retelsdorf, 2018). Thus, there is a shortage of theoretical explanations covering the broad constellation of gender differences and similarities in terms of educational outcomes, as well as empirical research investigating the social construction of gender identity and inequality in social contexts (Riegle-Crumb et al., 2018). Moreover, we currently have limited knowledge of the presence and variability of cultural gender beliefs and stereotypes across different school contexts characterized by diverse achievement-related gender structures and how they may shape gender disparities in competence beliefs of male and female students.

To address this gap, this paper investigates the role of school contexts in students’ competence beliefs in traditionally gendered subjects. Previous research has shown that students’ competence beliefs – or academic self-concept – are key factors in predicting educational behavior (Wigfield and Eccles, 2000) and documented the existence of gender gaps in self-concept in different academic subjects in line with traditional gendered patterns. While boys typically hold more positive self-concepts in mathematics (Goldman and Penner, 2016) and science (Sikora and Pokropek, 2012), girls typically hold more positive self-concepts in language (Jacobs et al., 2002), net of actual achievement. Building on psychological and sociological research, we focused on two determinants of competence beliefs that potentially generate gendered patterns in attainment. First, we examined the role of gender-stereotypical beliefs (GSB). Girls generally hold lower self-concepts than boys at equal ability levels (Correll, 2001) and it has been suggested that self-concept is an expression of internalized gender beliefs (Charles and Bradley, 2009; Eccles, 2011; Breda et al., 2020). Accordingly, if a girl believes that boys are more competent in mathematics, she might view mathematical competence as inconsistent with female gender identity and thus, doubt her mathematical ability. Indeed, research has shown associations between gender stereotypes and students’ self-concept in the traditionally male-dominated subject of mathematics (Riegle-Crumb and Peng, 2021) and the traditionally female-dominated subject of reading (Retelsdorf et al., 2015; Muntoni et al., 2021). Second, we investigated whether gender-stereotypical achievement patterns in the classroom affected the competence beliefs of male (female) students in mathematics (language) and the extent to which counter-stereotypical achievement reduced gender gaps in self-concept across gender-stereotypical subject domains.

We applied multilevel models to combined survey and register data on 1,099 Danish compulsory school students and their respective language and mathematics teachers to investigate how GSB in the classroom influence students’ self-concept in language and mathematics. Our study contributes and adds to the existing body of research in three specific ways. First, unlike most previous research, which has typically focused on gender stereotypes among either students, peers, or teachers, we used a unique data set that includes all three dimensions. Combined with the fact that our data was sampled at the classroom level, we were able to investigate very rich variations in GSB within and across different social contexts in schools. Second, we expand on previous research on GSB in schools by also including information on gender-achievement patterns in classrooms. While gender beliefs are one important dimension of the classroom environment, another is the relative achievement of male/female students across different subject domains. To the best of our knowledge, research on the influence of gender-achievement patterns in the classroom on gender differences has been limited or non-existent. We believe that this is an important dimension of the social context in schools with possible implications for the construction of gender and inequality across classrooms. Third, we added to prior research on the role of peers in terms of students’ educational outcomes in general and gender differences in domain-specific self-concept, in particular, by distinguishing between male and female peers. This distinction was motivated by empirical research that has shown that STEM-related outcomes and course-taking in high school are influenced by same-gender friendships (Riegle-Crumb et al., 2006; Raabe et al., 2019).



THEORETICAL PERSPECTIVES


Gender Differences in Students’ Competence Beliefs

The expectancy-value theory offers a powerful framework for understanding gender differences in students’ achievement-related behavior. According to this perspective, there are two components of students’ motivation: expectancy beliefs (e.g., competence beliefs) and task value beliefs (e.g., interest and utility) (Eccles and Wigfield, 1995). Individuals holding higher expectancy and task beliefs are more likely to pursue a specific subject. There is a degree of overlap between expectancy beliefs and the terms self-efficacy and academic self-concept, and expectancy beliefs have often been operationalized as such in empirical studies (Bong and Skaalvik, 2003; Marsh et al., 2019). Academic self-concept refers to an individual’s assessment of their ability (Wigfield and Eccles, 2000) and varies across different subject domains, such as language and mathematics (Marsh et al., 2006; Jansen et al., 2014). Students’ beliefs about their competencies most likely reflect two distinct elements: a descriptive and a normative element. On the one hand, students’ academic self-concept can be expected to reflect their actual ability. On the other hand, students evaluate their ability through a subjective lens, reflecting on social and cultural norms. Previous empirical research has supported this by showing that even when performing at the same level as their male peers, girls were less confident in their math and science abilities (Else-Quest et al., 2010).

Many scholars have investigated gender differences in students’ competence beliefs across different subject domains, as well as the sources of these differences. Findings in this field have generally reflected the culturally gendered perception of subject domains, with math as a male domain and language as a female domain, in that girls have a lower academic self-concept than boys in math domains (Goldman and Penner, 2016), while boys have a lower academic self-concept than girls in language domains (Durik et al., 2006; Ireson and Hallam, 2009). Importantly, these gender differences have often remained even when controlling for achievement. In a study using data from TIMSS 2015, Mejía-Rodríguez et al. (2021) documented the existence of a gender gap in mathematics self-concept in most participating countries, usually favoring boys. This difference in self-concept across male and female students remained after controlling for academic achievement and other covariates and was evident as early as 4th grade. However, findings have been less robust about the language self-concept of male students, with some studies finding no statistically significant gender differences (Skaalvik and Skaalvik, 2004; Evans et al., 2011). Nevertheless, boys’ self-concept, rather than their innate ability, is an important predictor of their language achievement (Heyder et al., 2017). Furthermore, girls’ self-concept in math is related to their belief in math ability as innate (i.e., a fixed mindset), whereas no such relationship has been found between boys’ self-concept in language and their beliefs about innate language ability (Heyder et al., 2021), suggesting that girls may, to a larger degree, have internalized beliefs about gender and ability.



School Contexts and the Social Construction of Gender and Competence Beliefs

According to many sociological and psychological theories, students’ achievement-related outcomes are influenced by social contexts and interactions. Specifically, sociological scholarship has repeatedly documented the centrality of social influences for gender differences in achievement-related outcomes in general (Legewie and DiPrete, 2012; Salikutluk and Heyne, 2017; Raabe et al., 2019) and gender disparities in orientations toward STEM in particular (Crosnoe et al., 2008; Legewie and DiPrete, 2014; Riegle-Crumb and Morton, 2017). Such research suggests that gender is a multi-level system that is (re-)constructed through interactions and experiences in social contexts, such as schools and classrooms, and that to better understand gender inequality we need to consider variation in such contexts (Ridgeway and Correll, 2004; Risman, 2004). The production of gender roles and positions in schools is likely a consequence of the fact that images of femininity and masculinity are socially constructed in everyday student interactions with peers and teachers, who, thus, collectively functions as active agents of gender socialization. A similar perspective can be found in Eccles (1994) expectancy-value theory, which states that socializing agents, such as peers and teachers, play an important role in shaping students’ academic self-concept. In particular, peers have been found to play an important part in gender role socialization (Witt, 2000) and, perhaps, even discourage gender non-conformity through victimization (Lamb et al., 1980; Aspenlieder et al., 2009). Moreover, same-gender peers are particularly important in shaping gendered patterns in academic outcomes, by both serving to promote gender conformity in educational decisions (Riegle-Crumb et al., 2006; Rosenqvist, 2018; Raabe et al., 2019) and serving as reference points for self-evaluations that shape competence beliefs (Thijs et al., 2010).



Gender-Stereotypical Beliefs in the Classroom

Stereotypes can be defined as reflecting “general expectations about members of particular social groups” (Ellemers, 2018, p. 276). In education, different subject domains have often been shown to be gendered. In general, math and math-related domains are stereotyped as male, while language domains are stereotyped as female (Charles and Bradley, 2009; Martinot et al., 2012; Heyder and Kessels, 2013; Nowicki and Lopata, 2017). Stereotypical expectations can reflect both actual and false differences. On the one hand, descriptive expectations reflect an observed gendered pattern, such as the mathematics achievement of boys and girls in a particular classroom, and, thus, a seemingly “true” representation of gender differences. On the other hand, expectations may reflect not only students’ actual achievement but also cultural perceptions of gender and how well-suited boys and girls are for different subject domains. Importantly, even the observed gender differences rarely reflect inherent biological gender differences, but can most often be ascribed to socialization (Ellemers, 2018). Furthermore, expectations concerning an entire social group, such as girls or boys, are often imprecise when directed at a single individual, but can still have negative consequences by reinforcing the stereotype.

The students’ own stereotypical beliefs have been shown to have a negative influence on outcomes, such as achievement and self-concept (Plante et al., 2009, 2013; Heyder and Kessels, 2013), but stereotypes often stem from significant others in social contexts. The negative consequences of being exposed to stereotypical beliefs have often been framed as a stereotype threats, which describes how exposure to stereotypical beliefs can lead to stereotypes becoming self-fulfilling prophecies (Steele, 1997). Stereotype threat has been found in controlled experimental settings for both girls in math achievement (Flore and Wicherts, 2015) and boys in language achievement (Pansu et al., 2016). However, recent studies have explored the role of stereotype threat and the generally negative impact of gender-stereotypical beliefs in the context of the classroom, emphasizing the role of the gender-stereotypical beliefs of socializing agents such as teachers and peers for various student outcomes. Specifically, factorial survey studies have found evidence of teachers’ judgment of students being biased by gender stereotypes (Holder and Kessels, 2017), while the gender-stereotypical beliefs of teachers have been found to negatively affect girls’ achievement (Alan et al., 2018) and self-concept (Heyder et al., 2019) in mathematics and boys’ self-concept (Retelsdorf et al., 2015) and achievement (Muntoni and Retelsdorf, 2018) in reading. Similarly, the gender-stereotypical beliefs of peers have been found to negatively affect girls’ achievement in math (Salikutluk and Heyne, 2017) and boys’ self-concept in reading (Muntoni et al., 2021).



Gender-Stereotypical Achievement Patterns in the Classroom

In addition to culturally embedded perceptions of gender, an important aspect of social contexts in schools is the achievement pattern in the classroom; i.e., the academic performance of a student’s peers. To understand how students form academic self-concepts and the role played by social comparison in an educational setting, (Marsh, 1987) proposed the idea of the big-fish-little-pond (BFLP) effect. According to this perspective, students compare their academic ability to that of their classroom peers when forming an academic self-concept. This implies that students in higher-achieving social contexts have lower academic self-concepts than students of similar ability in lower-achieving settings. Numerous empirical studies have supported the BFLP effect (Seaton et al., 2010; Fang et al., 2018; Loyalka et al., 2018), as well as confirmed its generalizability across cultural contexts (Seaton et al., 2010; Loyalka et al., 2018). However, research has also shown that social comparison processes differ across gender and that students’ academic self-concept is mainly affected by same-gender classmates and only to a lesser extent by different-gender peers (Thijs et al., 2010). Furthermore, in the mathematics domain, gender has been shown to moderate the BFLP effect since female students tend to be more responsive than male students to the achievement of peers (Plieninger and Dickhäuser, 2015). While previous research has provided important evidence that gender is a relevant frame of reference within classrooms, as well as of heterogeneous influences of social comparison across gender, no study, to date, has investigated how classroom achievement patterns intersect with cultural perceptions of gender and how this influences students’ evaluation of their competences. In this paper, we argue that when gender is used as a frame of reference, gender identity plays an important role in the social comparison process. In contrast to the more general BFLP perspective in which students’ self-concept is negatively affected by average peer performance, students may be positively affected by high-achieving same-sex peers because such peers can function as role models and, thus, provide counter-stereotypical evidence of gender suitability within a subject domain. Accordingly, girls may hold more positive self-concepts in mathematics if surrounded by female peers that counteract the stereotype that girls have lower ability than boys within this subject domain do. Consequently, counter-stereotypical achievement patterns potentially can disrupt gender stereotypes and how they influence students’ self-concept. We defined counter-stereotypical achievement patterns as math (language) classrooms in which female (male) students have higher average achievement than male (female) students—i.e., classrooms in which girls’ (boys’) relative achievement contradicts the stereotypical expectation. Specifically, we expected that being in a classroom, in which female peers outperform male peers in mathematics achievement could increase girls’ mathematics self-concept through identification.



The Present Study

In this study, we investigated the influence of gender on students’ self-concept within and between classroom contexts in language and mathematics, which represents traditionally stereotyped subject domains. We posed three specific research questions:


1Is there a gender gap in students’ self-concept in language and mathematics net of actual subject-specific achievement, and does the influence of gender vary across classrooms?

2Do students, peers, and teachers’ GSB affect gender gaps in self-concept in language and mathematics?

3Does the gender-achievement pattern in the classroom affects gender gaps in language and mathematics self-concept?



First, based on previous research on gender gaps in education, we hypothesized that there is a gender gap in self-concept in the language (Durik et al., 2006; Ireson and Hallam, 2009) and mathematics (Goldman and Penner, 2016). Specifically, we expected girls to hold a more positive self-concept in language and boys in mathematics, net of actual achievement in the respective subjects.

H1: There is a gender gap in students’ self-concept in language and mathematics, following traditional gender-stereotypical patterns:

H1a: Girls hold more positive self-concepts compared to boys in language net of actual achievement.

H1b: Boys hold more positive self-concepts compared to girls in mathematics net of actual achievement.

Second, drawing on previous research on gender stereotypes across subject domains, we hypothesized that GSB affects gender gaps in the language (Retelsdorf et al., 2015; Muntoni et al., 2021) and mathematics (Heyder et al., 2019). Contrary to most previous research, our data included information on the GSB of students themselves as well as their peers and (subject-specific) teachers. Furthermore, due to the sampling of full classrooms, we were able to distinguish between male and female peers to examine the extent to which the influence of the GSB on same- and different-gender peers differ. Specifically, we hypothesized that GSB about the language of students, peers, and teachers would be associated with a more positive language self-concept for girls and less positive for boys. By contrast, we expected that GSB about the mathematics of students, peers, and teachers would be associated with a more positive mathematics self-concept for boys and less positive for girls.

H2: GSB in the classroom context influences gender gaps in language and mathematics:

H2a: GSB, regarding language, is associated with more positive language self-concepts for girls and less positive for boys, net of actual achievement.

H2b: GSB, regarding mathematics, is associated with more positive mathematics self-concepts for boys and less positive for girls, net of actual achievement.

Third, while one dimension of the classroom gender context is GSB, another is the specific gender-achievement pattern. Does subject-specific achievement in the classroom follow traditional gender-stereotypical patterns or is there a counter-stereotypical achievement pattern with boys (girls) outperforming girls (boys) in the language (mathematics) and with what implications for students’ self-concept? Specifically, we hypothesized that counter-stereotypical achievement patterns in the classrooms could alter gender gaps in self-concept.

H3: The specific gender-achievement pattern in the classroom influences gender gaps in language and mathematics:

H3a: Counter-stereotypical achievement in mathematics classrooms (i.e., girls outperforming boys) reduces the gender gap by increasing mathematics self-concepts among female students.

H3b: Counter-stereotypical achievement in language classrooms (i.e., boys outperforming girls) reduces the gender gap by increasing language self-concepts among male students.




MATERIALS AND METHODS


Data and Sample

The survey was conducted in 2019 as part of the project Exploring School Culture (ESCU) at Aarhus University and included a sample of students nested in 94 classrooms at 33 Danish schools, specifically 6th (N = 1,094, response rate = 80.2%) and 9th-grade students (N = 892, response rate = 74.3%) and their teachers in Danish and mathematics (N = 143, response rate = 61.6%). Recruited schools registered their 6th and 9th-grade classrooms, and data were collected among the entire classrooms of students (for more information on recruitment and data collection, see Authors 2021). Through unique student identifiers, we were able to combine the survey data with high-quality background information on parental education, income, and occupation, as well as standardized test scores in reading and mathematics from tests conducted in the 6th and 8th grades for the 6th and 9th-grade students, respectively, from the Danish registers.

Combining survey and register data had four major advantages. First, sampling entire classrooms allowed us to analyze fine-grained gender-specific learning environments that include all students within a classroom linked to their teachers in language and mathematics, respectively, which represent two important and traditionally gender-stereotyped subject domains. Second, the data included measures of GSB at the student, classroom, and teacher levels across language and mathematics, developed from existing scales (e.g., Martinot et al., 2012) and adjusted to the Danish context, as well as detailed information on students’ achievement in the same subjects. Accordingly, contrary to most previous research on gender beliefs and stereotypes in schools, which typically focus on either students, peers, or teachers, we were able to analyze a multilevel dataset that includes all three dimensions. Third, drawing on register data allowed us to include an extensive set of control variables that were not based on students’ self-reports and were available for the entire population. Fourth, linking survey data on students’ academic self-concept to information on their actual achievement from national tests enabled us to investigate students’ self-concept in different subject domains net of actual achievement in these subjects.



Students’ Self-Concept

We measured self-concept in the language and mathematics domains based on two separate four-item scales (e.g., “I am just not good at mathematics/Danish”) answered on a five-point Likert scale. These items stemmed from the self-concept measure from the Programme for International Student Assessment 2012 (OECD, 2013), reworked to also fit the Danish language domain. The scales exhibited high internal consistency, as indicated by Cronbach’s alpha for both mathematics (9th-grade α = 0.93 and 6th-grade α = 0.90) and language (9th-grade α = 0.90 and 6th-grade α = 0.87). See Appendix Table 1 for the full list of items. In our analyses, we estimated the gender gap in self-concept as the coefficient for the gender variable in a model predicting the self-concept.



Independent Variables


Student-Level Variables

We used test scores from nationally administered mandatory high-stakes standardized tests to measure student achievement in both subjects. The tests were adaptive; i.e., items were adapted to match students’ competence level based on previous responses. For 6th-grade students, the test was taken in the spring of 2019, at the same time as the survey was conducted, while for the 9th-grade students, the test was taken the previous year when they were in 8th grade.

The measures of domain-specific GSB were based on items about perceived differences in ability and attitudes from the “mathematics as a gendered domain” scale (Leder and Forgasz, 2002). Items were translated to Danish and reworked to present general statements that respondents could connect to either boys or girls. Specifically, respondents reacted to seven statements (e.g., “The weakest students in mathematics/Danish are…”) by indicating whether this is most true for girls or boys on an 11-point scale with “primarily girls” at the one extreme (0) and “primarily boys” at the other (10), with a neutral category in the middle (5). The broad scope of the measure sought to capture beliefs that go beyond observed gender differences in achievement. The stereotype scales displayed high internal consistency, with Cronbach’s alpha for mathematics (9th grade α = 0.89 and 6th grade α = 0.85) and language (9th grade α = 0.92 and 6th grade α = 0.87). For the analyses, both GSB measures were coded, so that a higher score indicated beliefs in line with the common stereotype (i.e., favoring boys in mathematics and girls in language). See Appendix Table 2 for the full list of items.



Classroom-Level Variables

We included several explanatory variables at the classroom level based on teacher and peer measures. For teachers, we included a measure of GSB corresponding to the one described for students above. Specifically, this measure was based on seven corresponding items that were answered in the same way as for the students. The internal consistency was acceptable for mathematics (α = 0.71) and high for language (α = 0.92).

For the peer group, we included measures of GSB, mean achievement, and differences in achievement between female and male peers. The peer GSB measure was calculated as the mean of the student GSB scales at the classroom level for each subject and male and female students separately. Peer achievement was calculated as the mean achievement of students at the classroom level. The individual student was excluded when calculating peer variables, to avoid including the student in their peer group.

Finally, we calculated the gender-specific achievement pattern in the classroom using the difference between female and male achievement in mathematics (female achievement minus male achievement), meaning that a positive score on this variable indicated that the female peer group outperformed the male peer group in the classroom. For language, we did the opposite (i.e., male achievement minus female achievement), meaning that a positive score indicated that the male peer group outperformed the female peer group. Controlling for the classroom-specific gender difference in achievement also served to remove residual variance in the GSB measures that simply reflected the observed gender-achievement patterns in the classroom.



Control Variables

As previous research has indicated an association between socioeconomic status (SES) and GSB (Davis, 2007; Cotter et al., 2011; Pampel, 2011), we controlled for SES at both the individual and classroom levels. We measured the SES of the student’s father and mother individually through a composite measure of income (in quartiles), years of education, and occupation (four categories: self-employed, employed, student, and unemployed). We combined these measures by deriving polychoric factor scores (Holgado-Tello et al., 2010). For the SES of both father and mother, we aggregated at the classroom level to calculate a measure of peer SES, while excluding the individual student, as for the other peer variables.

To control for spurious associations with teacher GSB, we included controls for teacher characteristics: gender, age in years, education (a dummy indicating whether they hold a master’s degree), and teaching experience in years. Table 1 presents an overview of unstandardized variables included in the analyses. For descriptive statistics by gender, see Appendix Tables 3, 4.


TABLE 1. Descriptive statistics.
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Notably, teacher GSB was generally lower than student and peer GSB, suggesting that either teacher were less inclined to hold stereotypical beliefs or that teachers were more inclined to social desirability bias than were the students. Nevertheless, the GSB of teachers generally showed a statistically significant positive correlation with those of students and peers (see Appendix Tables 5, 6 in the Appendix for correlation matrices). Notably, however, female peers’ GSB and teacher GSB in language were negatively correlated, suggesting that the girls held lower GSB in language, regardless of the GSB of their teacher.




Analytical Strategy

To test our hypotheses, we analyzed data using a linear multilevel regression model consisting of two levels: students (level 1) and classrooms (level 2). The multilevel framework had several advantages in this context. First, the multilevel strategy allowed us to obtain unbiased standard errors from our hierarchical data, despite violating the principle of independent sampling of observations. Second, we were able to partition the variance in self-concept into student-level and classroom-level variance components, allowing us to determine and study the variance that can be attributed to the social context of the classroom. Third, we tested whether the effect of gender on self-concept varied across the classroom context; i.e., if the impact of gender on a student’s competence beliefs depended on the social context of the classroom. We examined this for both language and mathematics self-concept by fitting a random slope for gender and testing this more elaborate model against a simpler random intercept model using a likelihood ratio test.

Finally, while our data contained three levels (students nested in classrooms that were nested in schools), our research questions focused on the first two levels. Therefore, we treated the school level as incidental in our models by adding dummy indicators for each school. This corresponded to a school fixed effects approach, which has previously been used in similar analyses (McNeish and Wentzel, 2017). Besides being a strategy for modeling the school level, the fixed effects approach had the added benefit of significantly reducing selection bias by taking into account selection processes in schools, which may otherwise have biased our estimates. This strategy is valid under the assumption that there is the limited systematic selection of students into classrooms within schools—i.e., that classrooms are formed more or less at random (for a similar argument see Ammermueller and Pischke, 2009). Although we cannot completely rule out the selection at the school level, the strategy is realistic in the Danish context, where schools sought to create equal classrooms by “balancing” resources. This particular characteristic of the Danish compulsory school system implies very limited selection within schools and, at worst, a selection process that can be characterized as negative; i.e., “better” and more experienced teachers tend to be allocated to more disadvantaged classrooms, which would yield conservative estimates (for elaboration see Andersen and Reimer, 2019).

All models were estimated separately for each subject. For the analyses, we group-mean centered all student-level variables and grand-mean centered all classroom-level variables. All analyses were carried out using Stata version 17.

Missing values in our data occurred mainly at the teacher level due to non-response. For language, teacher non-response reduced our sample by 17% and for mathematics by 36%. Due to teacher non-response, we had no information to impute teacher variables. Therefore, we chose a listwise deletion approach to handle missing values. We also excluded classrooms with less than eight student responses. This resulted in an analytical sample of 1,097 students for language and 934 students for mathematics.




RESULTS

We present results from our empirical analysis in three steps. First, we investigated whether or not students’ self-concept differed across classrooms and if there was a gender gap in students’ self-concept in language and mathematics net of actual academic achievement. Second, we tested whether the influence of gender on students’ self-concept varied across language and mathematics classrooms. Third, we introduced measures of gender-stereotypical beliefs and achievement patterns and their interaction with students’ gender.

Tables 2, 3 present the impact of student, peer, and teacher covariates on students’ self-concept in language and mathematics. In Model 1, we estimated a baseline model including only students’ gender and achievement as predictors of self-concept to estimate the mean gender difference in self-concept across language and mathematics. In Model 2, we included school fixed effects to account for unobserved factors at the school level and thus, focus the analysis on within-school variation. Models 3–5 introduced covariates at the student, peer, and teacher levels, respectively, measuring gender-stereotypical beliefs and achievement patterns, as well as their interaction with students’ gender. The main influence of these factors indicated how they affected students’ self-concept on average—i.e., across both male and female students—and whether including them in the models affected the gender gap in self-concept in language/mathematics, as well as the difference in gender gaps across classrooms. We included cross-level interactions between students’ gender and measures of gender-stereotypical beliefs and achievement to assess heterogeneous effects across male and female students. Finally, Model 6 included the full model with all cross-level interactions.


TABLE 2. Results from a multilevel model of self-concept in language.
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TABLE 3. Results from a multilevel model of self-concept in mathematics.
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Tables 2, 3 show that in both language and mathematics, the ICC was 9%. Accordingly, 9% of the variation in students’ self-concept could be attributed to factors at the classroom level. Model 2 showed that there is a gender gap in students’ self-concept in mathematics, while the gender gap in language did not reach conventional levels of statistical significance. In mathematics, there was a large gender gap of 0.39 standard deviations in favor of boys. Accordingly, on average, girls tended to evaluate their mathematics competencies as worse than boys, net of their actual academic achievement. In language, the gender gap was reversed: on average, girls evaluated themselves more positively than boys (b = 0.101), although this difference was not statistically significant.

To examine whether the influence of gender varied across classrooms, we tested a random slope of gender (i.e., whether the gender gap varied across classrooms) in both subjects using a likelihood ratio test. The results shown in Table 4 supported the presence of a random slope in the language (p = 0.06), but not in mathematics. Accordingly, the gender gap in mathematics self-concept was stable across classrooms, while the difference between male and female students in language self-concept varied across classrooms. Consequently, in our empirical analysis, we modeled mathematics self-concept using a random intercept model, while allowing a random slope for gender in language self-concept.


TABLE 4. Results for likelihood ratio tests for random coefficients of gender.
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In Model 3 in Tables 2, 3, we added students’ GSB and the interaction of these beliefs with students’ gender. In language, we found no evidence of students’ GSB having a significant influence on their self-concept, neither on average nor across male and female students. In mathematics, by contrast, students’ GSB had a positive average influence on self-concept and a significantly negative association with gender. Consequently, female students’ GSB negatively affected their self-concept in mathematics. In Model 4 in Tables 2, 3, we included peer covariates. We distinguished between the GSB of male and female students to examine if peer influence is gender-specific. Furthermore, we added information on mean peer achievement as well as the gender-achievement pattern in the classroom to investigate how counter-stereotypical achievement patterns influenced students’ self-concept in language and mathematics. Mean peer achievement in the classroom had a positive influence on students’ self-concept in both language and mathematics. There was no significant impact of peer covariates or their interaction with gender in language. In mathematics, however, we found that the better the mathematics achievement of female peers relative to that of male peers, the lower the mathematics self-concept of girls. In Model 5 in Tables 2, 3, we examined the influence of teachers’ GSB and the interaction of these beliefs with students’ gender. We found that teachers’ stereotypical beliefs influenced students’ self-concept in language, but not in mathematics. Accordingly, boys’ language self-concept was lower when their teachers endorsed gender stereotypes concerning language ability. Model 6 in Tables 2, 3 represented the full model including all student, peer, and teacher covariates and their interactions with gender. Results from this model showed that the relationship between gender and self-concept in language was moderated by the teacher’s GSB. Meanwhile, the relationship between gender and self-concept in mathematics was moderated by students’ GSB and by counter-stereotypical achievement patterns. These moderation effects remained when taking into account all other covariates and interactions. Consequently, as illustrated in Figure 1, our empirical analysis showed that the gender gap in students’ self-concept in language increased with teachers’ GSB because there was a negative effect on male students.
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FIGURE 1. Teacher gender-stereotypical belief (GSB) and predicted language self-concept by gender. Marginal effects of teacher GSB on language self-concept by gender. Based on estimates from Model 6 in Table 2.


The gender gap in mathematics was unaffected by teachers’ GSB. As illustrated in Figure 2, in addition to the GSB and relative performance of female peers, gender differences in mathematics self-concept were mostly affected by students’ own GSB. Stronger GSB correlated with higher mathematics self-concept among boys and lower mathematics self-concept among girls, increasing the gender gap.
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FIGURE 2. Students’ GSB and predicted mathematics self-concept by gender. Marginal effects of teacher GSB on mathematics self-concept by gender. Based on estimates from Model 6 in Table 3.


In addition to students’ own GSB, the relative achievement of female/male students also moderated the relationship between gender and self-concept in mathematics. Figure 3 illustrates that female students on average had lower mathematics self-concept in classrooms with “over-performing” female peers.
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FIGURE 3. Difference in female/male peer achievement and predicted mathematics self-concept by gender.


Accordingly, being in a counter-stereotypical classroom in terms of stereotypical mathematics achievement did not benefit girls’ self-concept in mathematics. On the contrary, the mathematics self-concept of girls was lower when their female peers in the classroom outperformed their male peers in mathematics.

In summary, our empirical analysis showed that 9% of the variation in students’ self-concept in language and mathematics was due to variations at the classroom level. The ICC was reduced to approximately 6% in language and approximately 2% in mathematics when introducing school fixed effects to the model. Including contextual covariates further reduced the ICC in both subjects; in the full model, the ICC was close to 0 in mathematics and approximately 3% in language. Furthermore, there was a significant gender gap in students’ self-concept in mathematics, but not in language. Gender differences in students’ self-concept were unaffected by gender-stereotypical beliefs and achievement patterns since the influence of gender in both subjects was approximately equal across models. Yet, the influence of gender on self-concept varied across classrooms in language, with almost half the variation attributed to interactions between GSB and gender. The random slope of gender in language was reduced by approximately 28% when introducing teacher GSB. Finally, we found evidence of interaction effects between students’ gender and GSB, although the specific mechanism differed across subjects. While teachers’ GSB were important for the gender gap in students’ self-concept in language, they did not have an impact on gender differences in students’ mathematics self-concept. The more teachers endorsed the stereotype that language is for girls, the lower the language self-concept of boys net of actual achievement. By contrast, the influence of students’ own gender-stereotypical beliefs differed between male and female students in mathematics. The more girls endorsed the stereotype that mathematics is for boys, the lower their assessment of their mathematical ability. Moreover, girls’ self-concept was negatively affected by counter-stereotypical achievement in mathematics; i.e., when female peers in the classroom outperformed male peers.



DISCUSSION

This paper set out to investigate gender differences in students’ competence beliefs in language and mathematics and the role of gender beliefs and gender-achievement patterns in the social context of classrooms. We analyzed combined survey and register data from Denmark, which had the advantage that it included measures of GSB at the student, (female/male) peer, and teacher levels, as well as detailed information on student and peer achievement. Furthermore, we only analyzed within-school variation, thus, taking into account selection processes in schools. Our analysis pointed to three main findings. First, consistent with our hypothesis, we found a gender gap in mathematics self-concept favoring boys, even among boys and girls with the same level of performance. This gender gap was quite large (0.39 SD) and did not vary across classrooms. By contrast, the gender gap in language varied across classrooms (p = 0.06). Second, we found that GSB influenced gender gaps in self-concept in both language and mathematics. An increase in GSB was generally associated with a larger gender gap, driven by a decrease in self-concept among students of the negatively stereotyped gender. Accordingly, GSB resulted in a lower self-concept among girls in mathematics and boys in language. Meanwhile, although the general mechanism of GSB was consistent across subject domains, how they operate differed. In language, gender differences in self-concept (which varied across classrooms) were driven by teachers’ GSB. As teachers’ GSB increased, language self-concept among boys decreased. By contrast, boys’ language self-concept was unaffected by their own and male/female peers’ GSB. In mathematics, gender differences in self-concept (which did not vary across classrooms) reflected students’ own GSB. Accordingly, the greater the extent to which individual (female) students endorsed the stereotype that math is for boys, the lower their mathematical self-concept. Third, counter-stereotypical achievement patterns in mathematics classrooms hurt girls’ self-concept. Accordingly, girls did not benefit from being surrounded by female peers that outperformed male peers. Instead, girls in such counter-stereotypical classrooms in terms of mathematics achievement assessed their competence in mathematics at a lower level than girls in classrooms characterized by more gender-stereotypical achievement patterns. This negative influence on achievement among female peers was likely due to a social comparison effect where girls compared themselves to their female classroom peers.


Theoretical and Practical Implications

While our findings support previous empirical and theoretical understandings of the importance of socializing agents (Eccles, 1994) and social contexts (Crosnoe et al., 2008; Legewie and DiPrete, 2014; Riegle-Crumb and Morton, 2017; Salikutluk and Heyne, 2017; Raabe et al., 2019) for the development of competence beliefs, we have also highlighted how these processes differ according to gender and subject domains. Until now, most research has focused on one specific subject domain (such as language or mathematics) and gender beliefs and stereotypes among students, peers, or teachers (Retelsdorf et al., 2015; Salikutluk and Heyne, 2017; Alan et al., 2018; Muntoni and Retelsdorf, 2018; Heyder et al., 2019; Muntoni et al., 2021). Our study contributes to a greater understanding of the interplay between gender-stereotypical beliefs and achievement patterns and students’ self-concept in gender-stereotypical subjects by analyzing very detailed social contexts in classrooms. Accordingly, this paper is to our knowledge the first to consider the multifaceted nature of GSB in schools. While many of our results support what we know from previous studies concerning gender differences in self-concept and the role of GSB, our study adds to this body of research by providing evidence of the complex nature of gender beliefs in schools and their consequences on student outcomes. Most importantly, our findings suggest that how GSB influences students’ self-concept are not necessarily homogeneous across gender and subject domains. While students’ GSB was associated with students’ self-concept in both language and mathematics, the gender gap in language self-concept differed across classrooms within schools. Accordingly, the social context seemed to play a different role in language classrooms than in mathematics classrooms because gender differences in self-concept were related to differences across classrooms. Combined with the finding that language self-concept among boys was most strongly influenced by teacher GSB, this finding suggests that the gender gap in the language is perhaps more malleable. If the language self-concept of male students varies across different social contexts and is influenced by the teacher, then interventions to counteract GSB among teachers might be able to reduce the gender gap in language self-concept.

In contrast to the male disadvantage in language, the gender gap in mathematics was very large and constant across classrooms. This fits well with the finding that girls’ mathematics self-concept reflected their own GSB net of their actual mathematics achievement. Accordingly, the female disadvantage in mathematics reflected strong internalized beliefs about gender and mathematics among the girls themselves. This result may be interpreted in light of cross-cultural research on gender inequality, which has argued that while (vertical) gender inequalities tend to decline in affluent Western democracies, self-expressive value systems, particularly in highly egalitarian countries, still endorse the idea that the genders are innately and fundamentally “equal but different,” and therefore continue to encourage the development and enactment of culturally masculine or feminine affinities (Charles and Bradley, 2009). Under these “post-materialist” gender regimes, gender segregation retains legitimacy because it can be understood as the result of free choices by equal, yet innately different, men and women (Thébaud and Charles, 2018). In this context, Denmark can be thought of as a prime example and girls’ (boys’) strong internalization of GSB in mathematics (language) might be understood as a way of expressing “gendered selves” through cultural gender beliefs. In addition to suggesting a very different mechanism in play than in the case of language, the role of female students’ own GSB may also point to a much more stubborn problem. While teachers’ GSB about students may be altered through targeted interventions, female students’ own internalized perceptions concerning the mathematical ability of girls are most likely harder to change. This is particularly true if such internalized perceptions are intertwined with “natural” and free expressions of gender identity (Cech, 2013) and if girls have a more fixed mindset about math ability with consequences for their competence beliefs (Heyder et al., 2021).

Finally, girls’ mathematics self-concept was also influenced by gender-stereotypical achievement patterns of female peers. Our results provided evidence of a social comparison effect, whereby girls evaluated themselves more harshly when surrounded by high-achieving female peers. This result is partly in line with previous research, which has suggested that classmates in general (Salikutluk and Heyne, 2017) and the gender stereotypes of classmates specifically (Muntoni et al., 2021) play an important role in students’ educational outcomes. However, we only found this to hold for girls. Consequently, girls may be more prone to the influence of female peers, as has also been suggested by research on gender differences in STEM (Riegle-Crumb et al., 2006; Raabe et al., 2019), which has particularly stressed that intra-gender social comparison effects are stronger than inter-gender effects (Thijs et al., 2010).

In summary, researchers, politicians, and schools should bear in mind that GSB among students, peers, and teachers has a significant and extensive influence on students’ competence beliefs and that gender gaps in self-concept in language and mathematics are important for later gender segregation and inequality. Yet, gender beliefs operate in very different ways (Correll, 2001) and need careful consideration and attention, both at the individual and classroom level. Furthermore, our study points to an important distinction between internalized GSB and the GSB of others, which calls for a context-sensitive approach to the consequences for students and the development of possible interventions.



Limitations and Future Directions

The results from this study should be interpreted in light of several limitations. First, the survey data consisted of a non-random sample of schools. During the data collection process, random samples of schools were invited to participate; however, only a fraction of the schools agreed to participate, which meant that schools to some extent self-selected into our sample (although schools could only choose to participate if they had been invited). Analyses of the representativeness of the sample revealed only minor differences between the full population and the sample in terms of parental income and education, as well as 6th-grade test scores (about 0.1 SD). No differences were found in terms of 9th-grade test scores or school size. In other words, the sample was not perfectly representative, but discrepancies in observed characteristics were small (Smith et al., 2021). Furthermore, our original sample of teachers, particularly those teaching mathematics, was significantly reduced due to non-response. We chose not to impute missing data since we did not have good imputation variables at the teacher level. If, for instance, teachers decided to participate in the survey based on certain unobserved characteristics, our results may be biased.

Second, our study aimed to investigate the role of school contexts in the generation of gender disparities in educational outcomes. Yet, we do not know if such disparities – in this case in self-concept – are consequential for later outcomes. An important task for future research is to examine whether early gender disparities translate into later gender differences and inequality in educational behavior and pathways, both within and across gender.

Third, while our explicit measure of GSB was straightforward to implement, there may have been a social desirability bias. Accordingly, we might have underestimated GSB in our sample due to respondents not providing honest answers [deliberately or because of cognitive constraints regarding introspective access to gender perceptions (Wenz et al., 2016)]. Future research should investigate GSB using techniques that have been shown to reduce social desirability bias, such as factorial surveys investigating implicit gender beliefs and their causal mechanisms. Furthermore, future studies could focus on collecting data capable of distinguishing between individual GSB and the perceived GSB of others to explore the internalization of GSB from the social context.
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It has been repeatedly shown that the extent to which individuals adopt stereotypically masculine and feminine traits in their self-concept impacts their health and well-being. This is especially important in adolescence, when developmental changes and social pressures to conform to stereotypical gender roles can affect psychological functioning. However, previous studies investigating relationship between gender role self-concept and well-being in adolescents focused mostly on general well-being rather than well-being in specific contexts. Given that school is one of the most important contexts for adolescents’ development and well-being, the aim of this study was to investigate differences between adolescents with different gender role self-concepts (masculine, feminine, androgynous and undifferentiated) in school-related well-being. In line with the new conceptualization of well-being uniting hedonic (pleasure attainment and pain avoidance) and eudemonic (self-actualization and having meaningful purpose in one’s life) approaches, the present study used a measure of school-related well-being encompassing five domains suggested in the EPOCH (Engagement, Perseverance, Optimism, Connectedness and Happiness) model as well as a superordinate well-being factor. A total of 999 Austrian adolescents (52.2% girls, Mage = 13.79, SDage = 1.53) answered inventories assessing adolescents’ gender role self-concept (GRI-JUG) and school-related well-being (EPOCH-G-S). The results supported the androgyny model of well-being, showing clear advantages of having both positive masculine and feminine qualities in one’s self-concept for optimal levels of school-related well-being. In addition, our results indicated the strong importance of femininity in adolescence and the school context. Theoretical and practical implications are discussed.

Keywords: well-being, hedonic, eudemonic, school, gender, androgyny, adolescence


INTRODUCTION

Adolescence is seen as a key stage of development characterized by profound changes in the biological and psychosocial domains (Choudhury et al., 2006). In this period, individuals should develop the capabilities required to lead a happy, healthy, and productive life (Laski, 2015). According to gender intensification theory, it is during this same time that girls and boys develop increasingly differentiated gender role identities due to increased pressure to conform to stereotypical gender roles (Hill and Lynch, 1983). These two developmental processes are interrelated, as it has been repeatedly shown that differences in the extent to which individuals adopt stereotypically masculine and feminine traits in their self-concept impact their psychological adjustment and well-being (Abele, 2014; Wang, 2016; Martínez-Marín and Martínez, 2019; Matud et al., 2019). Likewise, high levels of well-being in adolescence enable young people to deal with developmental tasks and promote a healthy transition to adulthood (Pyhältö et al., 2010). It has been shown that adolescents’ well-being is related to their academic functioning (Lewis et al., 2011), academic achievement (Berger et al., 2011), and is a protective factor for health in general (Carver et al., 2010). Studies have shown that adolescents with high levels of well-being are more resilient (Gilman and Huebner, 2006; Antaramian et al., 2010), have fewer depressive and anxiety symptoms, higher self-esteem, higher self-efficacy and higher adaptation (McKnight et al., 2002; Antaramian et al., 2010). These adolescents show enhanced mental and physical health outcomes and higher general life satisfaction (Tian et al., 2014).

Well-being in adolescence is integrally shaped by the everyday contexts in which adolescents grow and develop (Žukauskienė, 2014). As the place where adolescents spend almost one-third of their lives, school is one of the most important contexts within which adolescents’ development, including their well-being and gender socialization, unfolds (Eccles, 2004). It has been shown that adolescents’ experiences and relationships at school have an important impact on their perceived quality experiences and relationships in school of life (Jourdan et al., 2008) and likely have important implications for their lifelong development (Park, 2004; Eccles and Roeser, 2011). Given the developmental milestones related to gender identity and well-being in adolescence, as well as the importance of school in this period of life, this study aims to understand the role of gender role self-concept in well-being in the school context.


Gender Role Self-Concept and Well-Being

Socialization pressure may lead adolescents to internalize societal gender role expectations as part of their self-concept (Bem, 1981; Hill and Lynch, 1983; Klaczynski et al., 2020). Gender role self-concept refers to the degree to which persons adopt stereotypically feminine and masculine attributes in their self-descriptions (Wolfram et al., 2009). In most studies investigating gender role self-concept, self-perception of expressive traits (e.g., being kind, gentle, sensitive to others) is used to assess femininity, and self-perception of instrumental traits (e.g., being independent, competitive, strong) is used to assess masculinity (Bem, 1974, 1981; Spence, 1991). While the equating of instrumentality (or agency) with masculinity, and expressiveness (or communion) with femininity has previously been questioned and criticized (e.g., Pedhazur and Tetenbaum, 1979), a more recent principal component analysis confirmed their interchangeability, showing that these concepts can be equated on an operational level (Abele and Wojciszke, 2007). Similarly, previous studies investigating the role of gender role self-concept in well-being labeled these gendered dimensions interchangeably when referring to the same concepts—self-ascribed gender stereotyped traits (see, e.g., Yarnell et al., 2019). Hence, we use and interpret these terms synonymously. Regardless of labels, four types of gender role self-concepts can be formulated based on continuous scores on these dimensions. Masculine individuals perceive themselves as high on masculine and low on feminine traits, feminine individuals score high on feminine and low on masculine traits, androgynous persons rate themselves as high on both sets of traits, and undifferentiated individuals view themselves as low on both sets of traits. The interrelations between gender role self-concept and well-being have been widely studied, as it has been noted that individual differences in these two dimensions affect overall functioning and health (e.g., Abele, 2014; Martínez-Marín and Martínez, 2019; Matud et al., 2019). There are three different models explaining the relationship between gender role self-concept and well-being, namely the congruence model, the androgyny model and the masculinity model.

Traditionally, individuals’ psychological well-being was thought to be related to their successful adoption of gender-typical behaviors and traits (the congruence model, Markstrom-Adams, 1989; DiDonato and Berenbaum, 2011). This hypothesis has received some support with preadolescent samples. For instance, Carver et al. (2003) found that early adolescents who perceived themselves to be atypical members of their same-sex peer group reported distress over their peer relations. In another study, the same authors confirmed that feeling gender-typical was positively related to adolescents’ well-being, whereas feeling pressure to conform to gender stereotypes was found to have a negative influence (Yunger et al., 2004). These authors did not measure gender role self-concept as the self-ascription of gender-typical traits, but focused on a measure of gender identity based on adolescents’ feelings of same-gender typicality, which is composed of five different components: membership knowledge, gender typicality, gender contentedness, felt pressure for gender conformity and intergroup bias (Egan and Perry, 2001). Other studies using Egan and Perry’s (2001) measure have also found that the more adolescents feel same-gender typical, the greater their self-esteem and the fewer internalizing problems they have (Corby et al., 2007; Menon et al., 2013; Pauletti et al., 2017).

The androgyny model (Bem, 1974; Spence and Helmreich, 1979) posits that psychological well-being is maximized when one has an androgynous gender role self-concept, which encompasses a broad set of attributes and behavioral options that allow for flexible behavior and successful coping with different demands and life situations. Studies have found that women and men whose self-concept includes both masculine-instrumental and feminine-expressive characteristics have greater well-being (e.g., Wang, 2016; Matud et al., 2019). More recent studies using both—a new measure of gender identity (Egan and Perry, 2001; Pauletti et al., 2017) and self-ascribed gender typical attributes (Martínez-Marín and Martínez, 2019), showed benefits of androgyny for well-being, self-esteem and psychological adaptation of adolescents. However, the proposed relationship between androgyny and psychological well-being has been called into question by empirical findings claiming that it is the masculine component of androgyny that is most associated with both adolescents’ and adults’ well-being (the masculinity model; Whitley, 1985). Indeed, the vast majority of studies have found masculinity to be associated with subjective well-being and other self-report measures of psychological adjustment (e.g., Wolfram et al., 2009; Abele et al., 2016; Matud et al., 2019). Studies with adolescents have come to more heterogeneous results. In an old study with adolescents aged 11, 13 and 15 in the United States using the Children’s Sex Role Inventory (CSRI; Boldizar, 1991), masculinity was linked to lower rates of depressive symptoms, while femininity was not (Priess et al., 2009). Another cross-sectional study using a brief version of the Bem Sex Role Inventory (BSRI) with 12,287 Norwegian adolescents aged 12 to 20 found femininity to be modestly positively correlated with depressed mood, whereas no such correlation was obtained for masculinity (Wichstrøm, 1999). On the other hand, Helgeson and Palladino (2012) found that both masculinity and femininity, measured as agentic and communal traits, were associated with positive relationship and health outcomes among US adolescents, with femininity being a stronger predictor than masculinity. A recent longitudinal study with Chinese children and adolescents aged 6–11 using self-descriptive questionnaires containing instrumental and expressivity traits found that older children’s self-esteem was more related to instrumental than expressive traits, whereas younger children’s self-esteem was more related to expressivity than instrumentality (Chen et al., 2018). These authors argued that expressive traits and behaviors are relatively more important to younger children’s self-esteem due to the prominence of social goals at this age; conversely, instrumental traits and behaviors are relatively more important to older children’s self-esteem due to the increasing importance of performance-related goals. In sum, empirical evidence supports both the masculinity and androgyny models of well-being, but indicates the stronger importance of femininity in adolescence compared to adulthood.



School-Related Well-Being

Well-being has also been operationalized in heterogeneous ways in existing studies, ranging from self-esteem measures (e.g., Carver et al., 2003), positive and negative affect and life satisfaction scales (e.g., Buchanan and Bardi, 2015), absence of depression (e.g., Priess et al., 2009) and psychological distress (Helgeson and Palladino, 2012), to various measures of adjustment such as low internalizing problems (e.g., Pauletti et al., 2017). On the whole, most previous measures focused on hedonic well-being, which defines well-being in terms of attaining pleasure and avoiding pain (Kahneman, 1999), and refer to well-being as an outcome. However, in recent years, with the emergence and growth of positive psychology, well-being has been reconceptualized in a way that includes eudemonic aspect as well. This aspect refers to self-actualization and having meaningful purpose in one’s life, defining well-being in terms of personal growth experience (Tian et al., 2014). This led to the conceptualization of well-being as consisting of both hedonic and eudemonic dimensions in terms of the full functioning of the person, referring to well-being as a process (Ryan and Deci, 2001). Against this backdrop, Seligman (2011) proposed a five-element model consisting of Positive Emotions, Engagement, Relationships, Meaning, and Accomplishment (PERMA). Applying the PERMA model to adolescents (Kern et al., 2015) led to the development of the EPOCH model of adolescent well-being (Kern et al., 2016), which likewise encompasses five domains: Engagement, Perseverance, Optimism, Connectedness, and Happiness. While optimism and happiness correspond to the hedonic aspect of well-being, other EPOCH dimensions capture eudemonic characteristics. Engagement refers to the capacity to become absorbed in and focused on activities and tasks. Perseverance reflects the ability to keep striving toward one’s goals despite encountering obstacles. Optimism is characterized by hopefulness and confidence about the future. Connectedness describes satisfying relationships and friendships, giving and receiving support to and from others. Happiness refers to having a generally positive mood and feeling content with one’s life (Kern et al., 2016). Thus, EPOCH covers a wide range of components associated with optimal functioning in adolescence, taking into account both hedonic as well as eudemonic aspects of well-being. Hence, it unites domains that have been studied individually or combined under the umbrella term “well-being” in different constellations.

Another change resulting from positive psychology is the emphasis on youth’s optimal well-being in specific contexts (Seligman and Csikszentmihalyi, 2000; Elmore and Huebner, 2010; Long et al., 2012). School is a key life context for school-aged children and adolescents and a place where they spend a great deal of time. As such, school plays an important role in every aspect of youth development—it shapes their identity, intellectual and cognitive growth, social relationships and psychological well-being (Park, 2004; Long and Huebner, 2014; Verhoeven et al., 2019). Moreover, school is a place where adolescents prepare for their future (Eccles and Roeser, 2011). Understanding adolescents’ overall functioning and well-being in school is of utmost importance. However, most existing scales for subjective school-related well-being encompassed one cognitive element linked to the individual’s life satisfaction and two affective—positive affect and negative affect (see Liu et al., 2016) or used indicators of adolescents’ hedonic well-being and functioning in school (e.g., global school satisfaction or achievement; see Kern et al., 2015 or Yang et al., 2018 for further discussion). These indicators are, however, not considered as components of adolescents’ psychological well-being that focus on subjective experience (Holzer et al., 2021). Accordingly, previous studies showed well-being to be an important but distinguishable correlate of other indicators of academic functioning (e.g., Howell, 2009; Steinmayr et al., 2018). In line with the new conceptualization of well-being uniting hedonic and eudemonic approaches, in the present study a new measure of school-related well-being has been used: Buerger et al. (2022) have adapted the EPOCH model to the school context, resulting in the EPOCH-School (i.e., EPOCH-S), and its corresponding measure in German language, the EPOCH-German-School (i.e., EPOCH-G-S). Thus, engagement and perseverance according to the EPOCH-S model refer to school tasks and activities. Optimism refers to positive expectations of future academic success and future experiences at school. Connectedness refers to positive relationships in school in general, whether with peers or teachers, and happiness refers to positive mood in school and satisfaction with school life. By explicitly focusing on eudemonic and hedonic aspects of well-being, the EPOCH-S model distinguishes itself from previous operationalizations of school well-being via general school-related emotions or outcomes, reflecting the full variety of adolescents’ functioning in the school context. Moreover, the psychological characteristics and processes as indicators of well-being construct in the EPOCH-S model allow to derive specific intervention needs that might promote more global outcomes such as achievement or school satisfaction.



Objectives of the Present Study

This study focuses on the relations between adolescents’ gender role self-concept and school-related well-being in terms of the EPOCH-S model. We investigate differences between adolescents with different gender role self-concepts (masculine, feminine, androgynous and undifferentiated) in terms of overall school-related well-being (EPOCH-S) as well as in the individual EPOCH-S dimensions: Engagement, Perseverance, Optimism, Connectedness, and Happiness.

Taking into account both social and performance-related challenges and requirements in school and the fact that androgynous individuals have the broadest repertoire of traits and behaviors (e.g., Bem, 1981; Pauletti et al., 2017), we expect androgynous boys and girls to show the highest levels of overall school-related well-being compared to the other three types of gender role self-concept. Similarly, we expect androgynous boys and girls to have the highest levels of the two hedonic dimensions—optimism and happiness. We have differential hypotheses for the eudemonic dimensions. Engagement and perseverance are instrumental qualities, as they reflect orientations toward achievement-related goals, while connectedness reflects the core value of expressivity—orientation towards others and social-related goals (Abele et al., 2016). Therefore, we expect masculine and androgynous boys and girls to exhibit the highest levels of engagement and perseverance and feminine and androgynous boys and girls to exhibit the highest levels of connectedness. Undifferentiated adolescents are expected to have the lowest levels of both overall school-related well-being as well as all individual dimensions compared to the other three types. We expected our hypotheses to be confirmed for both boys and girls of all ages in our study. In order to investigate potential changes in school-related well-being throughout middle adolescence, age was included as predictor in all analyses.




MATERIALS AND METHODS


Participants and Procedure

The study sample consisted of 999 secondary school students (52.2% girls, Mage = 13.79, SDage = 1.53; age range 12–17) from Vienna, Austria. Data collection took place in January 2020. To recruit participants, 10 secondary schools in Vienna were contacted by e-mail. Seven of these schools agreed to participate and were included in the sample. Students filled out paper-pencil questionnaires in their classrooms, supervised by trained research assistants. Participation in the study was voluntary and parental consent was obtained for participation in the study as well as data usage. The study was approved and supported by the local school board in accordance with Austrian federal law.



Measures


Gender Role Self-Concept

To assess self-perceived femininity and masculinity, positive traits from the Inventory for Measuring Adolescents’ Gender Role Self-concept (GRI-JUG) were used (Krahé et al., 2007). Although the original GRI-JUG instrument encompasses negative traits as well, we assessed only positive traits in our study to keep the questionnaire’s length reasonable. This is in line with Bem’s theorizing (1981) and related studies (e.g., Woodhill and Samuels, 2003), showing that only positive androgyny, that is a balance of positive masculine and positive feminine qualities, is relevant for psychological well-being. Participants were presented with five masculine attributes (humorous, courageous, sporty, companionable, and strong; α = 0.68) and five feminine attributes (emotional, romantic, industrious, sympathetic and empathic; α = 0.66), and were asked to rate to what extent each attribute is characteristic of them on a 5-point Likert scale ranging from 1 (not at all true) to 5 (completely true). Scores were calculated for masculinity and femininity separately. The median-split procedure adopted by Spence et al. (1975) and Bem (1977) was used to determine the four types of gender role self-concept (see Table 1). Participants were classified into a 2 × 2 table according to whether they fell above or below the median score on the masculinity and femininity scales. Scores falling exactly on the median were classified as “high” scores (e.g., Carver et al., 2013). In the present sample, the median masculinity score was 3.8 and the median femininity score was 3.6. All four types significantly differed in both masculinity [F(3,993) = 681.094, p < 0.001] and femininity [F(3,993) = 669.293, p < 0.001], with androgynous adolescents scoring highest on both dimensions (M = 4.36 for masculinity and M = 4.12 for femininity), followed by masculine (M = 4.19) and feminine (M = 3.30) type on masculinity and feminine (M = 3.96) and masculine (M = 3.07) type on femininity. Undifferentiated type scored significantly lowest on both dimensions (M = 3.06 for masculinity and M = 2.85 for femininity) compared to other types.



TABLE 1. Gender role self-concept types.
[image: Table1]



Well-Being

School-related well-being was assessed with the EPOCH-G-S Measure of School-related Adolescent Well-Being (Buerger et al., 2022), a 19-item measure developed for students aged 10–18. The EPOCH-G-S measure of student’s well-being in school was validated with results favoring a second-order model with well-being as a second-order factor and the five specific EPOCH-S first-order factors. Invariance analyzes showed scalar invariance, indicating that factor means can be compared between boys and girls as well as between different age groups. Thus, the EPOCH-G-S with its multidimensional structure allows for detecting strengths and weaknesses in students’ well-being profiles and intervene on the school, class or individual level. The measures’ scales address the five dimensions of the EPOCH-S model: Engagement (four items, e.g., “When I do an activity for school, I enjoy it so much that I lose track of time”), Perseverance (four items, e.g., “When I have started a school task, I finish it”), Optimism (three items, e.g., “I am optimistic about my future at school”), Connectedness (four items, e.g., “When something good happens to me, I have people at school who I like to share the good news with”), and Happiness (four items, e.g., “I feel happy at school”). The measure uses a 5-point response format (1 = not true at all; 5 = completely true). The internal reliability of the EPOCH-G-S was α = 0.86. Reliabilities for the EPOCH-G-S subscales were α = 0.72 for Engagement, α = 0.79 for Perseverance, α = 0.67 for Optimism, α = 0.73 for Connectedness, and α = 0.85 for Happiness.





RESULTS


Overall School-Related Well-Being

In order to examine differences in overall school-related well-being in adolescents, a 4×2 ANCOVA was conducted with gender role self-concept and sex as between-subject factors and age as a covariate. The mean score of all EPOCH-G-S items was the dependent variable. Means and standard deviations for overall school-related well-being by gender role self-concept and sex are presented in Table 2.



TABLE 2. Means and standard deviations for overall school-related well-being and single EPOCH-S dimensions by gender role self-concept and sex.
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The results showed a significant effect of age, F(1, 996) = 27.72, p < 0.001, η2p = 0.027, indicating a negative relationship between age and school-related well-being, r(998) = −0.147, p < 0.001. There was also a significant main effect of gender role self-concept after controlling for adolescents’ age, F(3, 996) = 60.98, p < 0.001, η2p = 0.156. A Bonferroni post hoc test showed that androgynous adolescents (M = 3.73, SD = 0.54) reported significantly higher overall school-related well-being than masculine (M = 3.39, SD = 0.53), feminine (M = 3.42, SD = 0.49) and undifferentiated (M = 3.16, SD = 0.57) adolescents, all ps < 0.001. Undifferentiated adolescents, on the other hand, had significantly lower overall school-related well-being than adolescents with other gender role self-concepts, all ps < 0.01. There were no differences between masculine and feminine adolescents in overall school-related well-being, p > 0.05. The main effect of sex was also significant, F(1, 996) = 16.21, p < 0.001, η2p = 0.016, with girls (M = 3.50, SD = 0.53) reporting higher overall school-related well-being compared to boys (M = 3.35, SD = 0.54). The interaction between gender role self-concept and sex was not significant, F(3, 996) = 1.58, p = 0.192.



Dimensions of School-Related Well-Being

To explore differences between boys and girls with different gender role self-concepts in the EPOCH-G-S dimensions, a two-way multivariate analysis of covariance (MANCOVA) with gender role self-concept and sex as between-subject factors and age as a covariate was conducted. The mean scores of the five EPOCH-G-S dimensions Engagement, Perseverance, Optimism, Connectedness and Happiness served as dependent variables in the model. Correlation coefficients between EPOCH-G-S dimensions are reported in Table 3. The MANCOVA yielded significant multivariate effects for gender role self-concept, F(3, 996) = 12.86, p < 0.001, η2p = 0.061, and sex, F(1, 996) = 11.76, p < 0.001, η2p = 0.056, as well as the covariate age, F(1, 996) = 14.30, p < 0.001, η2p = 0.068. The interaction effect between factors was not significant, F(3, 996) < 1, p = 0.476. We followed up on the significant multivariate effects with univariate analyses of covariance (ANCOVAs). Table 2 presents the means and standard deviations for all five EPOCH-G-S dimensions by gender role self-concept and sex.



TABLE 3. Correlations between EPOCH-S dimensions.
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Engagement

The results showed a significant effect of age, F(1, 996) = 16.88, p < 0.001, η2p = 0.017. There was a negative relationship between age and engagement, r(998) = −0.127, p < 0.001. There was also a significant main effect of gender role self-concept after controlling for age, F(3, 996) = 17.46, p < 0.001, η2p = 0.050. A Bonferroni post hoc test revealed that androgynous adolescents (M = 3.07, SD = 0.82) reported significantly higher scores on engagement than masculine (M = 2.69, SD = 0.82), feminine (M = 2.74, SD = 0.76), and undifferentiated (M = 2.65, SD = 0.85) adolescents. Differences among the other types were not significant, al ps > 0.05. The main effect of sex was also significant after controlling for age, F(1, 996) = 5.58, p < 0.05, η2p = 0.006, with girls (M = 2.86, SD = 0.80) reporting higher engagement than boys (M = 2.72, SD = 0.88).



Perseverance

The results showed a significant effect of age, F(1, 996) = 38.28, p < 0.001, η2p = 0.037. The relationship between age and perseverance was negative, r(998) = −0.181, p < 0.001. The results showed also a significant main effect of gender role self-concept after controlling for age, F(3, 996) = 29.23, p < 0.001, η2p = 0.082. A Bonferroni post hoc test revealed that androgynous adolescents (M = 3.87, SD = 0.76) reported significantly higher scores on perseverance than masculine (M = 3.46, SD = 0.85), feminine (M = 3.64, SD = 0.76), and undifferentiated (M = 3.31, SD = 0.81) adolescents, p < 0.05. Undifferentiated adolescents reported lower scores than androgynous and feminine adolescents, p < 0.05. Mean differences between the other groups were not significant, p > 0.05. The main effect of sex was also significant after controlling for age, F(1, 996) = 10.40, p < 0.01, η2p = 0.010, with girls (M = 3.66, SD = 0.80) reporting higher perseverance than boys (M = 3.48, SD = 0.84).



Optimism

The effect of age was not significant for optimism, F(1, 996) = 1.78, p = 0.182. The results showed a significant main effect of gender role self-concept, F(3, 996) = 29.47, p < 0.001, η2p = 0.082. A Bonferroni post hoc test showed that androgynous adolescents (M = 3.65, SD = 0.81) reported significantly higher scores on optimism than masculine (M = 3.33, SD = 0.85), feminine (M = 3.35, SD = 0.79), and undifferentiated (M = 3.02, SD = 0.85) adolescents, p < 0.05. Undifferentiated adolescents reported lower scores than all other groups, while there was no significant difference between masculine and feminine adolescents. The main effect of sex was not significant, F(1, 996) = 1.32, p = 0.251.



Connectedness

The results showed no significant effect of age for connectedness, F(1, 996) < 1, p = 0.631. The main effect of gender role self-concept was significant, F(3, 996) = 32.73, p < 0.001, η2p = 0.090. A Bonferroni post hoc test revealed that androgynous adolescents (M = 4.24, SD = 0.70) reported significantly higher scores on connectedness than masculine (M = 4.02, SD = 0.71), feminine (M = 3.96, SD = 0.83), and undifferentiated (M = 3.64, SD = 0.85) adolescents, p < 0.05. Undifferentiated adolescents reported lower scores than all other groups, while there was no significant difference between masculine and feminine adolescents on connectedness. The main effect of sex was also significant, F(1, 996) = 30.60, p < 001, η2p = 0.030. Girls (M = 4.11, SD = 0.78) scored significantly higher on connectedness than boys (M = 3.82, SD = 0.80).



Happiness

The effect of the covariate age was significant for happiness, F(1, 996) = 31.54, p < 0.001, η2p = 0.031. There was a negative relationship between age and happiness, r(998) = −0.167, p < 0.001. The main effect of gender role self-concept was also significant after controlling for age, F(3, 996) = 31.74, p < 0.001, η2p = 0.088. A Bonferroni post hoc test revealed that androgynous adolescents (M = 3.81, SD = 0.86) scored significantly higher on happiness than masculine (M = 3.45, SD = 0.88), feminine (M = 3.39, SD = 0.87), and undifferentiated (M = 3.15, SD = 0.87) adolescents, p < 0.05. Undifferentiated adolescents reported lower scores than all other groups, while there was no significant difference between masculine and feminine adolescents. The main effect of sex was significant after controlling for age, F(1, 996) = 7.37, p < 0.01, η2p = 0.007, with girls (M = 3.53, SD = 0.88) scoring higher on the happiness scale than boys (M = 3.37, SD = 0.93).




DISCUSSION

The goal of this study was to investigate relations between adolescent boys’ and girls’ gender role self-concepts and school-related well-being, taking into account both hedonic and eudemonic aspects of well-being. In general, our results support the androgyny model of well-being: androgynous boys and girls exhibited the highest levels of overall school-related well-being as well as the highest scores in all individual EPOCH-S dimensions: Engagement, Perseverance, Optimism, Connectedness, and Happiness. This finding is in line with Bem’s theorizing that individuals who score high in both masculinity and femininity display better adjustment and greater psychological health (Bem, 1981, 1993), as well as other studies confirming this notion in adolescent samples (Boldizar, 1991; Pauletti et al., 2017). School is the first social space after the home in which individuals experience obligations, engagement, commitment and relationships. Thus, having a broader set of attributes and behavioral options that allow for flexible behavior and successful coping with different demands is more important in school than anywhere else during adolescence. This might be even more important in secondary school when classes become more challenging, peer relationships grow more complex, and educational and professional goals are developed and shaped (Brown and Larson, 2009; Verhoeven et al., 2019). Our results also confirmed our assumption that undifferentiated adolescents exhibit the lowest scores in overall school-related well-being as well as all individual dimensions. Similar to androgynous persons, undifferentiated individuals are not gender-typed (Bem, 1977), but unlike androgynous individuals, they lack the enriched behavioral repertoire of androgynous persons and at the same time do not possess the positive characteristics typical of either a masculine or feminine self-concept. For that reason, the lowest levels of well-being were found in this group in previous studies focusing on general well-being (see Markstrom-Adams, 1989 for review) and were expected in the context of school-related well-being as well.

However, contrary to our expectations, androgynous girls and boys scored higher on all individual EPOCH-S dimensions compared to masculine and feminine girls and boys. This finding is not surprising for the two hedonic dimensions of school-related well-being—optimism and happiness—which refer to positive affect in the school context and, as such, are not related to either masculinity or femininity. However, the eudemonic dimensions—engagement, perseverance and connectedness—have more gendered connotations and encompass instrumental and expressive goals and behaviors. With engagement and perseverance being clearly achievement-oriented, and connectedness reflecting social-related goals, we expected masculine adolescents to achieve the same results as androgynous adolescents in engagement and perseverance, and feminine adolescents to be similar to androgynous adolescents on connectedness. The non-significant differences between adolescents with masculine and feminine gender role self-concepts in hedonic, but especially eudemonic dimensions, as well as in overall school-related well-being, speak in favor of the equal importance of masculinity and femininity for school-related well-being. Despite the clear dominance of the masculinity model over the femininity model of well-being in the literature (Wichstrøm, 1999; Priess et al., 2009; Abele et al., 2016), femininity seems to be as relevant as masculinity for adolescents’ functioning in school. This is not surprising giving the vital role of peer relationships in adolescence, as social interactions with classmates have been found to contribute to adolescents’ well-being (e.g., Sandstrom and Dunn, 2014). Moreover, feminine students are more liked by teachers and obtain better grades (Heyder and Kessels, 2013), have stronger school-related self-esteem and exhibit stronger feelings of belonging at school (Skinner et al., 2019). Thus, our results confirm previous studies indicating the stronger importance of femininity in this period and in the school context compared to later in life (Heyder and Kessels, 2013; Chen et al., 2018).

The salience of femininity for school-related well-being can be explained with William James’s theorizing that “self-centrality breeds self-enhancement,” according to which people’s judgement of their own self-worth is determined by the self-centrality of expressive or instrumental traits (Gebauer et al., 2013). Given the social nature of school, it can be argued that femininity occupies a more central position for adolescents’ school-related well-being than for general well-being or well-being in adulthood. On the other hand, schooling continually emphasizes performance- and achievement-related goals in the form of competence-related feedback, performance-based evaluations and expectations of adolescents to be successful and ambitious about their futures, making instrumentality integral to school-related well-being as well. Chen et al. (2018) argued that expressivity is relatively more central to younger children’s self-esteem due to their social goals, whereas instrumentality is relatively more central to older children’s self-esteem due to the importance of performance-related goals in that period of life. The effects of age on school-related well-being in our study did not confirm this. The results showed a negative relationship between age and the “instrumental” dimension of the EPOCH-S measure, with younger adolescents scoring higher on engagement and perseverance, whereas age did not have an effect on connectedness, indicating equal endorsement of items related to connectedness among adolescents of all ages. Although femininity might be more central for self-esteem at a younger age, connectedness in school seems equally important across adolescence from the age of 12 to age 17. On the other hand, engagement and perseverance as defined in the EPOCH-S model seem to be more endorsed by younger adolescents. This is not surprising given that adolescents’ behavioral and emotional involvement in academic activities declines as they grow older (Archambault et al., 2009). Our results also show a negative relationship between age and overall school-related well-being and happiness. Younger adolescents exhibit higher overall well-being and happiness. This finding is consistent with previous studies showing a decrease in overall well-being and positive affect from early to middle adolescence (Goldbeck et al., 2007; González-Carrasco et al., 2017).

Although one might expect stereotypical gender differences in the eudemonic EPOCH-S dimensions, our results showed that girls score higher in engagement, perseverance, connectedness, happiness, and overall school-related well-being than boys. There were no significant differences between boys and girls in optimism. In studies with adults, sex differences were found in gendered dimensions of well-being, with men scoring higher than women in self-acceptance and autonomy and women scoring higher than men in positive relations with others (Matud et al., 2019). A study applying the original EPOCH model of adolescents’ general well-being found small sex differences for optimism and connectedness only (Kern et al., 2016), with girls scoring higher on connectedness and boys on optimism. However, items assessing the EPOCH-S model are specific to the academic context, where girls exhibit higher engagement and tend to outperform boys (Duckworth and Seligman, 2006), which could explain girls’ higher endorsement of EPOCH-S items. More importantly, gender role self-concept has been shown to be a more important determinant of well-being and psychological adjustment than biological sex (e.g., Bem, 1993; Priess et al., 2009; Chen et al., 2018). Sex differences in this context are therefore secondary to the effects of gender role self-concept. Moreover, the interaction between sex and gender role self-concept was not significant for overall school-related well-being or for any individual dimensions, supporting Bem’s argument that androgyny does not offer more benefits to one gender than the other (Bem, 1993). In sum, our findings revealed that, beyond the effects of age and sex, androgynous adolescents experienced the highest levels of school-related well-being.

The results of this study have practical implications for school functioning. Developing curricular activities and a classroom environment that enhance both expressive and instrumental traits and behaviors in boys and girls may increase their school-related well-being. Interventions might focus on building performance- and achievement-related traits and goals as well as social-related traits and goals among all students, especially those at risk in terms of their well-being in school. These programs can not only contribute to school-related well-being among adolescents, but also decrease gender typing, which can result in reduced gender stereotypes in newer generations of adolescents.


Limitations and Future Directions

Although the current study provides valuable insights into the relationship between gender role self-concept and school-related well-being, several limitations must be considered. First, this study focuses only on gender role self-concept, that is, the self-perceived possession of specific gender-stereotyped attributes, and does not take into account other facets of gender role identity. Future studies might investigate the relationship between androgyny and school-related well-being by assessing gender identity as overall felt gender typicality (see Egan and Perry, 2001). Second, although the effect sizes of gender role self-concept comparisons for overall well-being were moderate, the effect sizes for single EPOCH-S dimensions were small, limiting the practical relevance of the identified coefficients. Third, the inventory used to assess gender role self-concept in this study comprised only positive masculine and feminine attributes. Although it has been noted that positive androgyny results in higher psychological well-being (Woodhill and Samuels, 2003), future studies should investigate the relationship between negative gender-stereotyped attributes and well-being in the school context, which might provide new insights. Moreover, although in line with original instrument (Krahé et al., 2007), alpha reliabilities for both femininity and masculinity scale are rather low, indicating poor internal consistency of items constructing gender role self-concept types. However, scholars argue that constellations of gendered attributes similar to those used in our study reliably predict health and well-being (see, e.g., Abele, 2014; Yarnell et al., 2019). Future study thus should test similar design with another gender role identity measure for adolescent population. Fourth, this study does not address other factors impacting both gender socialization and school-related well-being. Further studies are needed to investigate the role of peers and teachers for the relation between gender role self-concept and school-related well-being. Finally, this study was conducted in a Western country and the results should not be generalized to other cultures. Androgyny seems to be beneficial for school-related well-being in individualist societies where traditional gender roles might be more liberal. In societies with more rigid gender norms or different cultural contexts, a different interplay between gender role self-concept and school-related well-being might be observed.
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While traditional seating (also known as fixed seating or fixed classroom) remains the preferred classroom seating arrangement for teachers, a new type of seating arrangement is becoming more common in schools: the flexible classroom (also known as flexible seating). The purpose of this type of arrangement is to meet the needs of students by providing a wide variety of furniture and workspaces, to put students at the center of learning, and to allow them to make choices based on their preferences and the objectives of the task at hand. This study aimed to examine the influence of flexible seating on the wellbeing and mental health of elementary school students. This article presents the results of exploratory research conducted in Quebec among Grade 5 and 6 students comparing the wellbeing and mental health of students in fixed and flexible classrooms. The study was conducted with 107 students in three Grade 5 and 6 flexible classrooms (n = 51) and three Grade 5 and 6 fixed classrooms (n = 56). It is based on a quasi-experimental, quantitative design with post-test only and a control group. The groups were matched based on natural conditions (i.e., from a convenience sample). Furthermore, the study included a gender-differentiated analysis for each group. The results showed that flexible classroom seating had a positive influence on the girls’ wellbeing and mental health. In contrast, for the boys, fixed classroom seating was most conducive to their wellbeing and mental health. However, our study has some limitations that are discussed in the article.

Keywords: physical environment, classroom layout, flexible seating, wellbeing, mental health, upper elementary school


INTRODUCTION

Over the past few years, there has been a growing awareness in the education community about the importance of the school physical environment (Gouvernement du Québec. Ministère de l’Éducation et de l’Enseignement Supérieur, 2020). Indeed, by the possibility that students have to interact with the physical school environment through movement, exploration, and social interaction, it would strengthen the physical, cognitive, emotional, and social development of students based on the principle that a well thought-out school physical environment promotes the global development of students, promotes academic wellbeing and inclusion (Aziz et al., 2017). In fact, the fields of architecture and educational psychology have looked at the dimensions of the physical environment that can impact on the global development of students. According to an interdisciplinary perspective, the school space is thought of as a living environment where the student and his environment interact in a transactional way and mutually define each other (Jodelet, 2015). In this perspective, the theoretical model proposed by Pianta et al. (2008), on transactional and developmental theories, presents an interactional model between students, the teacher, and the school environment. The school environment is considered in all aspects of the daily experience and interactions that the student has with his teacher and his peers. As a result, the educational environment influences the resulting social interactions and the cognitive and socio-affective development of students (Bronfenbrenner and Morris, 1998; Broto, 2013; Huynh et al., 2013).

Numerous international publications (Organisation de coopération et de développement économiques, 2001, 2011) on the 21st-century school were pivotal in considering the role of the physical environment in students’ school experiences. As a result, many education systems, such as those in Quebec, France, Germany, Denmark, and Finland, have begun to ask whether the school environment in which students develop can contribute to their sense of wellbeing and, ultimately, to their success. At the same time, teachers are increasingly interested in the question of how to structure their classrooms to meet teaching requirements and support learning. The term “classroom physical environment” refers to all the furniture and its spatial arrangement in the classroom (Abbasi, 2013). We note that the majority of classroom arrangements, particularly in Quebec, remain fixed classrooms. However, in recent years, a new type of classroom seating arrangement has developed: the flexible classroom seating (Laquerre, 2018; Vallée, 2019).

The fixed classroom, also known as the traditional classroom, is the most commonly observed seating arrangement in schools and is also associated with teacher-centered practice. In this type of classroom, there are as many desks as there are students, and the teacher is usually responsible for assigning a desk to each student. Desk arrangement can vary—rows, U-shaped, or clusters. There are several explanations for the choice of desk arrangement. Desks arranged in rows especially encourage individual work (Wannarka and Ruhl, 2008), while U-shaped or cluster arrangements encourage social interaction and cooperation (Wannarka and Ruhl, 2008; Farmer et al., 2011; Gest and Rodkin, 2011). However, desk arrangement is rarely changed during the year, and classrooms are not routinely rearranged for a particular teaching activity.

The second type of arrangement, called the flexible classroom seating, is currently gaining traction with teachers (Laquerre, 2018; Vallée, 2019). In Quebec, it is estimated that there are more than 1,500 flexible classrooms in place throughout its School Services Centres (CSSs; Bluteau et al., 2019). Adoption of the flexible classroom has spread as a result of social networks (Havig, 2017). In this type of classroom, some or all of the desks have been replaced by a wide range of so-called flexible furniture that offers a variety work surfaces, seating sizes and heights, body positions (Dornfeld, 2016; Havig, 2017; Limpert, 2017; Del’Homme, 2018; Laquerre, 2018; Legout, 2018; Tiennot, 2019; Vallée, 2019). In this way, students do not have assigned seating (Legout, 2018). They can move about in the classroom and choose the seat that best suits them for the task at hand (Dornfeld, 2016; Havig, 2017; Limpert, 2017; Del’Homme, 2018; Laquerre, 2018; Legout, 2018; Tiennot, 2019; Vallée, 2019). It allows students to explore, move about, experiment, manipulate, and make the space and furniture their own, with the goal of encouraging original and creative ways of experiencing the classroom (Abbasi, 2013; Mazalto and Paltrinieri, 2013; Keymeulen et al., 2020). Flexible furniture is also designed so that classrooms can be modified easily. Teachers can therefore rearrange their classroom to suit the teaching activity and the type of behavior expected (Wannarka and Ruhl, 2008; Havig, 2017; Carignan, 2018; Erz, 2018; Keymeulen et al., 2020), including group work, pair work, or individual work. From this perspective, this type of classroom arrangement allows for implementing teaching practices that can be described as “flexible,” that is, student-centered, differentiated, and collaborative (Barrett et al., 2015, 2017; Delzer, 2015; Dornfeld, 2016; Havig, 2017; Erz, 2018; Keymeulen et al., 2020). Flexible classrooms address the principles of the “Current pedagogical discourse […] focused on learning, on putting the student at the center of the discussion, on helping them to be adaptive, creative, cooperative, responsive, and self-reliant.”1 (Blyth, 2013, p. 53). Thus, the flexible classroom seating is more associated with student-centered teaching practice.

Previous research has found that the functioning of the flexible classroom seating contributes to the development of certain personal skills, such as self-reliance, self-regulation, and problem-solving (Doyon, 2018; Erz, 2018; Laquerre, 2018; Legout, 2018). The flexible seating can therefore help to empower students and make them actors in their own learning (Legout, 2018). Furthermore, the functioning of the flexible classroom seating can have positive effects particularly on attention, motivation, engagement, and the adoption of task-appropriate behavior (Delzer, 2015; Dornfeld, 2016; Boudreault, 2017; Comaianni, 2017; Limpert, 2017; Allen, 2018; Erz, 2018; Laquerre, 2018; Legout, 2018; Schrage, 2018; Tiennot, 2019). By encouraging movement, choice, and interaction, and increasing students’ sense of control, this type of classroom arrangement addresses students’ physical, social, and cognitive needs (Comaianni, 2017; Havig, 2017; Limpert, 2017; Erz, 2018; Legout, 2018; Schoolcraft, 2018; Schrage, 2018; Sorrell, 2019; Vallée, 2019). However, there are limitations to flexible seating addressed in the literature that should be mentioned. On the one hand, this type of classroom arrangement may be challenging for students who need guidance and routine (Legout, 2018; Vallée, 2019). On the other hand, some students may be challenged by the lack of personal space. As Legout (2018) found, shared furniture and space, and no longer having an assigned desk, do not work for all students. Nevertheless, despite the growing interest by teachers in this type of arrangement, the flexible classroom remains poorly documented in the literature (Havig, 2017; Laquerre, 2018; Vallée, 2019), and its influence on student learning and mental health is still poorly understood. As a result, there is a sizeable gap between research that is currently available and the enthusiasm that this type of arrangement has generated among teachers (Havig, 2017; Laquerre, 2018; Vallée, 2019).

Furthermore, interest in school wellness and mental health came late to the field of studies in education (Piché et al., 2017) and has become prominent in many educational system reforms (Bacro et al., 2017). Indeed, the redefinition of success to include various aspects of students’ holistic development has made wellbeing a fundamental concept of the 21st-century school (Guimard et al., 2015; Ferrière et al., 2016). Numerous studies have revealed that lived school experiences are associated with development, identity construction, academic success, and wellbeing (Konu and Rimpelä, 2002; Wigfield et al., 2006; Eccles and Roeser, 2011; Rousseau, 2012; Bacro et al., 2017). In this sense, wellbeing at school may depend on many factors rooted in students’ school experience (Guimard et al., 2015, as cited in Fouquet-Chauprade, 2013; Ferrière et al., 2016). Wellbeing is a multidimensional, multifactorial, and systemic concept (Conseil Supérieur de l’Éducation, 2020). It has been characterized according to objective, subjective, environmental, and contextual factors (Espinosa and Rousseau, 2018). The scientific literature takes two divergent paths to define wellbeing. On the one hand, the hedonic conception associates wellbeing with pleasure, satisfaction, and subjective happiness (Laguardia and Ryan, 2000; Doré and Caron, 2017; Conseil Supérieur de l’Éducation, 2020). Thus, a positive sense of wellbeing “consists of experiencing many positive affects, few unpleasant ones” (Laguardia and Ryan, 2000, p. 282), but also “feeling a high overall satisfaction with one’s life”2 (Florin and Guimard, 2017, p. 20). On the other hand, the eudemonic conception of wellbeing refers to personal fulfillment and self-actualization (Laguardia and Ryan, 2000; Conseil Supérieur de l’Éducation, 2020). Commonly referred to as psychological wellbeing, this conception is more recent (Antoine et al., 2007). Here, wellbeing consists solely in living in accordance with one’s own nature and values (Laguardia and Ryan, 2000; Conseil Supérieur de l’Éducation, 2020). For a long time, these two approaches have represented divergent directions for research. However, at present, a combination of the two conceptions would seem necessary to encompass wellbeing in its entirety: “Well-being should be understood as a state of subjective pleasure and satisfaction with life, but also of self-actualization”3 (Conseil Supérieur de l’Éducation, 2020, p. 20). This more encompassing definition comes close to the current World Health Organization (WHO) definition of good mental health. Indeed, the rise of positive psychology has led to a more encompassing definition of mental health (Ferrière et al., 2016; Doré and Caron, 2017; Shankland et al., 2017). This new branch in psychology is defined as, “the scientific study of positive experiences, wellbeing, and optimal functioning of the individual”4 (Antoine et al., 2007, p. 170). The definition of positive mental health, also known as optimal mental health, takes into account the wellbeing and good psychological and social functioning of the individual (Doré and Caron, 2017; Shankland et al., 2017; Conseil Supérieur de l’Éducation, 2020). Indeed, mental health includes all dimensions of a student’s overall development (Welsh et al., 2015) and can be defined by low stress, a sense of psychological wellbeing, and ultimately, good coping and behavioral functioning. Thus, mental health and wellbeing are closely linked (Conseil Supérieur de l’Éducation, 2020). Protective factors that positively influence mental health and wellbeing in school and decrease exposure to stressors include the quality of the physical environment, classroom interactions (Amoly et al., 2014), and social support provided by the teacher (Kruger et al., 2007; Heaney and Israel, 2008). However, the wellbeing, and ultimately, the mental health of students can be influenced by the quality of the environments they occupy, which can be explained by “the degree to which psychological and/or physiological needs are met in each environment, the physical perception of the environment, and the atmosphere of the environment” (Joing et al., 2018, p. 19). Furthermore, few studies to our knowledge have examined the relationship between classroom seating arrangement and student wellbeing and mental health. To date, the few studies that have examined the effects of seating arrangement show that certain aspects of the school physical environment (natural light, space, air quality, and so on) are linked to student concentration in the classroom and academic achievement (Cheryan et al., 2014; Barrett et al., 2017). However, in studies related to school architecture, little attention has been given to student mental health and wellbeing in the classroom. Nevertheless, seating arrangement and furniture play a role in teaching situations and overall development, and may ultimately influence student wellbeing and mental health (Mazalto, 2017; Doyon, 2018; Erz, 2018; Joing et al., 2018; Laquerre, 2018; Legout, 2018). As such, examining the influence of seating arrangement on mental health and wellbeing by investigating two types of classroom arrangements (fixed classroom seating and flexible classroom seating) may fill a gap in the existing literature on the topic, which this study has sought to do.

With this in mind, the question that guided this study was “Does classroom seating influence the academic wellbeing and mental health of elementary school students?” To answer this question, the study had two specific objectives: (1) compare the wellbeing and mental health of Grade 5 and 6 students in the context of differentiated classroom arrangements (fixed and flexible classrooms); and (2) compare, by gender, the wellbeing and mental health of Grade 5 and 6 students in the context of differentiated classroom arrangements (fixed and flexible classrooms).

Our starting hypothesis was to observe differences between the groups on the variables studied and an increase of wellbeing and better mental health in the flexible group, with no difference in terms of gender.



MATERIALS AND METHODS


Research Design

This study is part of the Social Sciences and Humanities Research Council-funded research project “Influence of Classroom Seating Arrangement and Quality of Teacher-Student Interactions on Stress Coping and School Mental Health of Elementary School Students” (Bluteau et al., 2019). The study was approved by the Institutional Human Research Ethics Committee (CIEREH) of the Université du Québec à Montréal (UQAM) in October 2019. The study bears the following ethics certificate number: 3761_e_2019. The CIEREH agreement was then sent to the head office of the School Services Centre (CSS) for verification and approval.

The study is based on a quasi-experimental, quantitative design with post-test only and a control group. The groups were matched based on natural conditions (i.e., from a convenience sample). Participants were Grade 5 and 6 students in three fixed and flexible classrooms. Wellbeing and mental health were studied in both groups, and for boys and girls in each group.



Participants


Teachers

Although teachers were not the focus of the study, teachers are in charge of the classroom and subject to its design. Thus, for research validity, it was important to select teachers in such a way as to control for teacher effect. Teacher effect can be perceived through the teacher’s attitude, experience, and sense of efficacy, among others. For this reason, a questionnaire was given to each teacher who wanted to participate. The purpose of the questionnaire, whose variables will be described in Section “Measuring Instruments and Data Collection Procedures,” was to match the three flexible classroom teachers to three fixed classroom teachers with similar teacher profiles in terms of sense of self-efficacy, job satisfaction, intention in the performance goal structure, years of teaching experience, and age. In the end, each flexible classroom teacher was matched to three fixed classroom teachers based on scale score equivalence. Consequently, six female teachers agreed to have students in their classrooms participate. The mean age of the female teachers in the fixed classrooms was 36 (SD = 6.36), and in the flexible classrooms (SD = 2.65) it was 34. As such, two fixed Grade 5 classrooms and one fixed Grade 6 classroom were matched to two flexible Grade 5 classrooms and one flexible Grade 6 classroom. In this way, each pair of teachers taught at the same level, had the same profile, and were in the same age range.



Students

The sample consisted of 107 students: 51 students in fixed classrooms (24 girls and 27 boys) and 56 students in flexible classrooms (26 girls and 30 boys). We note that the number of students in each group and the proportion of girls to boys in each group were relatively equal. The mean age of students in the fixed classrooms was 11.13 (SD = 0.54). Students in the flexible classrooms had a mean age of 11.23 (SD = 0.7; see Table 1).



TABLE 1. Sample description.
[image: Table1]



Procedures

To limit bias, the study ensured that the two groups of students were equivalent on multiple levels, namely, (1) the School Services Centre, (2) the teachers, (3) the classes, and (4) the students.

The first phase consisted of establishing a partnership with a Montreal South Shore School Services Centre (CSS). The six classes in the sample were drawn from the same CSS. Notably, the CSS had been undertaking numerous expansion and construction projects to redesign classrooms and schools. Furthermore, the CSS was implementing flexible classrooms in a controlled manner to document the testing of this type of classroom and to examine its impact on indicators of educational success.

In the second phase, initial contact was made with the teachers of the partner CSS. Approximately 50 CSS teachers were contacted by email. The objective was to recruit teachers interested in the project who were teaching Grade 5 and 6 students in flexible classrooms. They were asked if they were interested in the project and, if so, whether they taught in a flexible classroom environment with Grade 5 and 6 students. As a result, three flexible classroom teachers who met the criteria were selected. Subsequently, a CSS manager in charge of the study was able to provide us with contact information for eight Grade 5 and 6 teachers (one male and seven female teachers) who had opted for the fixed classroom arrangement. A matching questionnaire (see “Teacher Matching”) was distributed to the three flexible classroom teachers and the eight fixed classroom teachers in order to pair the three flexible classroom teachers with three fixed classroom teachers based on a number of criteria. A total of seven fixed classroom teachers responded to the questionnaire, three of whom were matched to the three flexible classroom teachers.

Next, we examined the socio-economic background index for each school in our sample. The schools in our sample were public schools located in rural and semi-rural areas. The Disadvantaged Index for all public elementary and secondary schools, made available by the Ministère de l’Éducation et de l’enseignement supérieur (Ministry of Education and Post-Secondary Studies), provided a picture of the socio-economic background index (IMSE) for each school in our sample. Schools are ranked on a scale from 1 to 10, with a score of 1 representing the least disadvantaged schools and a score of 10 representing the most disadvantaged schools (Gouvernement du Québec. Ministère de l’Éducation et de l’Enseignement Supérieur, 2020; see Table 2).



TABLE 2. Socio-economic environment index (IMSE) and decile rank for each school in the sample.
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Two fixed classrooms were in the same school having a score of 7. The school of the remaining fixed classroom had a score of 6. Consequently, these classrooms were in the least advantaged schools in the CSS. As for the flexible classroom schools, one had the same disadvantage index score as the fixed classroom schools (6). However, the other two schools with flexible classrooms had scores of 2 and 3, respectively, meaning they were in the most advantaged schools in the CSS. Therefore, the schools were not equivalent overall with regard to their disadvantage index.

After receiving approval from the Institutional Human Research Ethics Committee (CIEREH) and authorization from the CSS, the school principals, and the teachers, we were able to meet with the students in class to present the study. Since participation in the project was voluntary, an invitation to participate and a consent form were distributed for parents to sign. Data collection took place during December 2019 (pre-pandemic). As such, the students were exposed to the research environment for a period of 4 months, from the beginning of the school year. The data collection procedure lasted, on average, about 40 min per student and was conducted under the supervision of a research assistant. Students were asked to complete two questionnaires (see “Students”): the Liddle and Carter (2015) questionnaire and the BASC-3 (Reynolds and Kamphaus, 2015). The Liddle and Carter (2015) questionnaire was distributed in paper format and took students 10 min on average to complete. The BASC-3 required 30 min on average to complete. Students completed the paper version, and their responses were transcribed using the Q-Global platform licensed by NCS Pearson, Inc. No participants withdrew during data collection.




Measuring Instruments and Data Collection Procedures


Teacher Matching

As mentioned above, the objective of the questionnaire was to match the three flexible classroom teachers with three fixed classroom teachers having a similar teacher profile in order to control for teacher effect. The self-report questionnaire consisted of twenty-four items divided into three categories. The Teacher Self-Efficacy scale consisted of ten items (α = 0.82; Schwarzer, 1992; Bandura, 1997; Schwarzer and Hallum, 2008) in which teachers were asked to choose among four Likert scale responses (not at all true, only slightly true, moderately true, completely true). Job accomplishment was assessed using five items (α = 0.77; Ho and Au, 2006). Teachers were asked to select the most appropriate response among five items (strongly disagree, somewhat disagree, neither disagree nor agree, somewhat agree, strongly agree). Finally, Intention in the performance goal structure was measured using nine items (α = 0.69; Midgley et al., 2000). Teachers were asked to rate each statement on a Likert scale from 1 to 7, 1 being completely false and 7 being completely true. The questionnaire took an average of 10 min to complete.



Students

Students were asked to complete two self-reported questionnaires individually, the first measuring wellbeing at school using the Liddle and Carter (2015) questionnaire, and the second measuring mental health using the BASC-3 tool (Reynolds and Kamphaus, 2015), which reports on students’ coping and behavioral functioning.

The Liddle and Carter (2015) questionnaire is a 12-item self-report questionnaire (α = 0.82) using a Likert scale (never, not often, regularly, often, all the time). For example, students were asked to respond to the following statements: “I think good things will happen to me in my life”; “I get along with people”; and “I feel relaxed.”5

The BASC-3 (Reynolds and Kamphaus, 2015) measurement tool examines the mental health of students by taking into account various aspects of personal adjustment and behavioral functioning. It consists of 137 items. The five composite scales (internalizing problems, inattention/hyperactivity, school problems, emotional symptoms, personal adjustment; α = 0.89–0.95) grouped ten clinical scales (anxiety, attention problems, attitude to school, attitude to teachers, atypicality, depression, hyperactivity, locus of control, sense of inadequacy, social stress; α = 0.73–0.86) and four adaptive scales (relations with parents, interpersonal relations, self-esteem, self-reliance; α = 0.75–0.87; see Table 3). The questionnaire was divided into two parts. In the first part, students were to answer true or false for each statement. For example, students were asked to respond to the following statements: “I often do things without thinking”; “I am not interested in school”; “I like who I am.”6 In the second part, students were to choose from four Likert scale items (never, sometimes, often, almost always). In this section, students were asked, among other things, to respond to the following statements: “I get along well with others”; “I am nervous”; and “I am a good listener.”7



TABLE 3. Description of variables measured by BASC-3 (Reynolds and Kamphaus, 2015).
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Data Analysis

To provide a portrait of each group, descriptive analyses were performed on the entire sample (N = 107) using the two variables of “age” and “gender.” For each group, age was described by mean and standard deviation (SD). The “gender” variable was described by its frequency in each group (fixed and flexible classrooms).

As previously mentioned, the students’ responses to the BASC-3 were transcribed using the Q-Global platform, thus providing an analysis of all students’ scores. Scores were standardized, that is, raw scores were translated into T-scores and percentile scores (see Table 4).



TABLE 4. Basc-3 scale and composite score classification (Reynolds and Kamphaus, 2015).
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Normality of distribution was verified beforehand using a normal probability plot with Henry’s line, and homogeneity of variance was verified by a Levene test. For statistical analyses, STATA 15.1 software was used, with a significance level less than or equal to 0.05. A Student t-test was performed (independent variable “group” with two categories) to analyze the different variables measured by the instruments (quantitative dependent variables). Differential analyses were also conducted by gender (boys and girls separately). The results of the study are discussed in the next section.




RESULTS

To recall, the purpose of this exploratory study was to compare the wellbeing and mental health of Grade 5 and 6 students in differentiated classroom seating arrangements (fixed and flexible classrooms). Secondly, the study compared gender-specific wellbeing and mental health of Grade 5 and 6 students in differentiated classroom seating arrangements (fixed and flexible classrooms). The results are therefore presented in three parts:

1. Mental health indicator results by group (fixed and flexible) for both genders.

2. Mental health indicator scores by group (fixed and flexible) for boys.

3. Mental health indicator scores by group (fixed and flexible) for girls.


Mental Health Indicator Results by Group (Fixed and Flexible) for Both Genders

Table 5 presents the mental health indicator scores by group (fixed and flexible) for both genders. For each mental health indicator, the mean (M), standard deviation (SD), minimum, and maximum obtained by students in each group, as well as statistical significance (p-value), are presented.



TABLE 5. Mental health indicator results by group (fixed and flexible) for both genders.
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For the “wellbeing” variable, the difference was not statistically significant (p = 0.197). Students in the flexible group had a lower mean wellbeing score of 57.1 points (SD = 8.57) compared to a mean wellbeing score of 54.8 points (SD = 9.57) for students in the fixed group.

For the “internalizing problems” variable, students in the fixed group had a slightly higher mean score (M = 53.1; SD = 11.7) than students in the flexible group (M = 52.4; SD = 10.5). Although this difference was not statistically significant (p = 0.740), the scores suggest that students in the flexible group exhibited less atypicality, social stress, anxiety, and depression. They appeared to have a better locus of control and a lower sense of inadequacy compared to students in the fixed group.

For the “inattention/hyperactivity” variable, students in the fixed group had a mean score of 50.9 points (SD = 9.30), while students in the flexible group had a mean score of 51.9 points (SD = 11.0). Thus, students in the flexible group reported relatively more attention problems with or without hyperactivity than students in the fixed group. However, this difference was not statistically significant (p = 0.618).

As for the “school problems” variable, which reflects student attitudes to school and teachers, the mean scores were 49.3 points (SD = 9.19) for students in the fixed group and 48.0 points (SD = 8.04) for students in the flexible group. However, this difference was not statistically significant (p = 0.426).

For the “emotional symptoms” variable, there were no statistically significant differences (p = 0.901) between the two groups. The mean scores were 51.5 points (SD = 11.0) for students in the fixed group and 51.3 points (SD = 10.6) for students in the flexible group. The students therefore had comparable mean scores for social stress, anxiety, depression, and sense of inadequacy, as well as self-esteem and self-reliance.

The difference was not statistically significant (p = 0.963) for the “personal adjustment” variable. Students in the fixed group had a score of 52.3 points (SD = 7.66), while students in the flexible group had a mean score of 51.5 points (SD = 9.46). This suggests that students in the flexible group had relatively better parent–child and interpersonal relations, higher self-esteem, and higher levels of self-reliance.



Mental Health Indicator Results by Group (Fixed and Flexible) for Boys

Table 6 presents the mean scores [standard deviation (SD), minimum, and maximum] for boys’ mental health indicators by group (fixed and flexible), as well as the statistical significance (p-value) of each indicator.



TABLE 6. Mental health indicator results by group (fixed and flexible) for boys.
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Regarding the “wellbeing” variable, although the difference was not statistically significant (p = 0.492), boys in the fixed group had a higher mean score (M = 55.3; SD = 9.84) than those in the flexible group (M = 53.6; SD = 9.02).

The difference was statistically significant (p = 0.016) for the “internalizing problems” variable. In the flexible group, boys had a higher mean score (M = 56.8; SD =10.3) than boys in the fixed group (M = 50.2; SD = 9.86). As a result, boys in the fixed group reported less atypicality, social stress, anxiety, and depression, and had a better locus of control and a lower sense of inadequacy compared to boys in the flexible group.

The mean scores for the “inattention/hyperactivity” variable were 50.7 points (SD = 7.99) for boys in the fixed group and 57.2 points (SD = 10.3) for boys in the flexible group. Therefore, boys in the fixed group presented less attention problems with or without hyperactivity than boys in the flexible group. The difference was statistically significant (p = 0.010).

As for the “school problems” variable, boys in the flexible group (M = 51.3; SD = 8.51) had relatively better attitudes to school and teachers compared to boys in the fixed group (M = 53.1; SD = 9.25). However, this difference was not statistically significant (p = 0.454).

For the “emotional symptoms” variable, the difference between the two groups was statistically significant (p = 0.015). The mean scores were 48.9 points (SD = 8.69) for boys in the fixed group and 55.6 points (SD = 11.1) for boys in the flexible group. Thus, boys in the flexible group had more social stress, anxiety, and depression. They also had a greater sense of inadequacy, lower self-esteem, and lower levels of self-reliance than students in the fixed group.

Regarding the “personal adjustment” variable, although the difference was not statistically significant (p = 0.064), boys in the fixed group had a higher mean score (M = 52.9; SD = 6.30) than boys in the flexible group (M = 47.2; SD = 10.4). Boys in the fixed group tended to have better interpersonal and family relationships, self-esteem, and self-reliance compared to boys in the flexible group, although the observed difference did not reach statistical significance.



Mental Health Indicator Results by Group (Fixed and Flexible) for Girls

Table 7 presents the scores (mean, standard deviation [SD], minimum, and maximum) for mental health indicators by group (fixed and flexible) for girls, as well as the statistical significance (p-value) of each indicator.



TABLE 7. Mental health indicator results by group (fixed and flexible) for girls.
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For the “wellbeing” variable, girls in the flexible group had a higher mean score (M = 61.1; SD = 5.96) than girls in the fixed group (M = 54.2; SD = 9.44). This difference between the two groups of girls was statistically significant (p = 0.003).

There was a statistically significant difference between the two groups of girls for the “internalizing problems” variable (p = 0.004). In the fixed classrooms, girls had a higher mean score (M = 56.3; SD = 12.9) than girls in the flexible classes (M = 47.0; SD = 8.01). Based on the results, girls in the fixed classrooms showed more internalizing problems than girls in the flexible classrooms. Thus, girls in the fixed group showed more atypicality, had greater social stress, anxiety, depression, and sense of inadequacy, and had poorer locus of control compared to girls in the flexible group.

For the “inattention/hyperactivity” variable, the difference was statistically significant (p = 0.050). Girls in the flexible group (M = 45.8; SD = 8.33) had fewer attention problems with or without hyperactivity than girls in the fixed group (M = 51.2; SD = 10.8).

Regarding school problems, girls in the fixed group were found to have a slightly higher mean score (M = 45.1; SD = 7.19) compared to girls in the flexible group (M = 44.1; SD = 5.46). Although the difference did not reach statistical significance (p = 0.607), the mean score for school problems for girls in the flexible group was lower (−1 point).

For the “emotional symptoms” variable, girls in the flexible group (M = 46.3; SD = 7.58) had a lower mean score compared to girls in the fixed group (M = 54.5; SD = 12.7) and thus had less social stress, anxiety, depression, had a lower sense of inadequacy, and had higher self-esteem and self-reliance than girls in the fixed group. This difference was statistically significant (p = 0.007).

The mean scores for the “personal adjustment” variable were 51.7 points (SD = 9.04) for girls in the fixed group and 56.3 points (SD = 4.87) for girls in the flexible group. Although this difference was not statistically significant (p = 0.073), girls in the fixed group tended to have poorer interpersonal and family relationships, self-esteem, and self-reliance.




DISCUSSION

The results presented in the previous section are discussed below. First, we will answer the research question. The results will then be discussed in light of the available scientific literature. Finally, the study’s contributions, limitations, and prospects for research will be discussed.


Summary of Results and Answer to the Research Question

With regard to the above results, the comparative analysis of the two groups (fixed and flexible) for both genders combined did not reveal any statistically significant difference for the various variables. However, when the two groups were analyzed by gender, statistically significant differences were found between the two groups (fixed and flexible). The mean scores for boys showed statistically significant differences for the following variables: (1) internalizing problems, (2) inattention and hyperactivity, and (3) emotional symptoms. Thus, boys in the fixed group had significantly fewer internalizing problems, attention problems with or without hyperactivity, and emotional symptoms than boys in the flexible group. For girls, the statistically significant variables were (1) wellbeing, (2) internalizing problems, (3) inattention and hyperactivity, and (4) emotional symptoms. Unlike the boys, girls in the flexible group reported greater wellbeing and fewer internalizing problems, attention problems with or without hyperactivity, and emotional symptoms. Based on the results of our gender-differentiated analysis, it appears that classroom seating arrangement influenced the wellbeing and mental health of elementary students at school. Based on the data, boys had a greater sense of wellbeing and mental health in fixed classrooms. In contrast, among the girls, the classroom seating arrangement most conducive to their wellbeing and mental health, according to these results, was flexible seating. Thus, flexible seating seemed to be a real challenge for some students and a real asset for others, which we will now discuss.



Flexible Seating: Advantages and Limitations

As noted above, previous research on flexible classroom seating has reported that this type of arrangement helps meet students’ needs (Comaianni, 2017; Havig, 2017; Limpert, 2017; Erz, 2018; Legout, 2018; Schoolcraft, 2018; Schrage, 2018; Sorrell, 2019; Vallée, 2019) and encourages the development of skills, such as self-reliance, self-regulation, and problem-solving (Doyon, 2018; Erz, 2018; Laquerre, 2018; Legout, 2018). Although flexible seating is intended to be student-centered and needs-based, our results indicate that this type of arrangement can be detrimental to the wellbeing and mental health of some students. In the flexible classroom, students no longer have a place assigned to them (Legout, 2018). They move about freely and choose the seat that best suits the task at hand. As a result, the flexible classroom requires students to apply more skills, such as self-control, problem-solving, self-reliance, cooperation, and soft skills, such as working together, and so on. Flexible seating may therefore require students to initially have good coping strategies.

Surveys in Quebec have reported that girls perform better in problem-solving and self-control skills, among other things (Direction régionale de santé publique de Montréal, 2018; Institut de la statistique du Québec, 2018). However, problem-solving is a critical coping skill in the flexible classroom since students are required to make strategic choices throughout the day (Dornfeld, 2016; Havig, 2017; Limpert, 2017; Del’Homme, 2018; Laquerre, 2018; Legout, 2018; Tiennot, 2019; Vallée, 2019). As for the skill of self-control, it allows students to self-regulate more readily (Félouzis, 1993; Bouchard et al., 2006; Besnard et al., 2016) and makes it easier to adapt to the norms and expectations of the school (Commissariat général à la stratégie et à la prospective, 2014; Esperbès-Pistre et al., 2015). Self-control is especially important in flexible seating to be able to exercise self-reliance and cooperation in a classroom where all the furniture is available to the students. In addition, it appears that girls tend to develop more pro-social behaviors conducive to cooperation in the classroom (Félouzis, 1993; Bouchard et al., 2006; Ruel, 2010; Besnard et al., 2016), a key aspect of the flexible classroom (Del’Homme, 2018). Thus, girls may have an easier time adapting and engaging in the flexible classroom, which would explain why girls in the flexible classrooms had a higher sense of wellbeing and mental health, as measured. More broadly, flexible seating, through the practices, behaviors, and attitudes it encourages, may benefit students who initially have good coping strategies, may enhance their sense of control and may help meet their needs (self-reliance, socialization, and so on). This type of classroom arrangement may therefore be conducive to their wellbeing and mental health.

However, students who have difficulty adapting and behaving in a way that is conducive to the task at hand may be challenged by the flexible classroom. Many studies have reported that boys are more affected by behavioral and learning problems (Walker and Berthelsen, 2007; Childs and McKay, 2010; Besnard et al., 2016), which may affect their concentration, on-task behavior (Félouzis, 1991, 1993; Bouchard et al., 2006; Walker and Berthelsen, 2007; Ruel, 2010; Girardin, 2012; Gilles, 2018), and coping skills. Some studies have noted that freedom of choice and movement can be challenging for students who need a framework and routine (Legout, 2018; Schoolcraft, 2018; Vallée, 2019). For these students, fixed seating appears to be beneficial to their wellbeing and mental health. This may be because having an assigned desk, in other words, a space of their own, is reassuring (Legout, 2018) and reinforces their sense of control. Moreover, fixed seating provides a framework that may be more appropriate for these students (Legout, 2018; Vallée, 2019). Thus, it is not so much flexible furniture per se that may explain why these students have a lower sense of wellbeing and mental health, but how the flexible classroom itself functions (less controlling environment, undefined personal space, and so on; Havig, 2017; Legout, 2018; Vallée, 2019). Nevertheless, flexible seating is not to be ruled out for students with coping difficulties, but it does require teachers to provide alternatives and more ongoing support for these students.



Contributions of the Study

These results add to current knowledge in the field of educational research. Because flexible seating is a recent phenomenon, few studies have been conducted on the topic (Havig, 2017; Laquerre, 2018; Vallée, 2019) and little is known about the influence of flexible seating on student wellbeing and mental health. Furthermore, few studies have compared the two types of seating arrangements (fixed versus flexible classrooms), and those that do rarely conduct gender-differentiated analyses.

On a practical level, this study provides additional guidance for teachers. It invites teachers to better anticipate the potential limitations of flexible seating to better prepare students for change. Indeed, regular support by teachers for students who need to develop coping strategies would seem vital.



Limitations of the Study

Some of the limitations of our study relate to our sample. First, the small sample size (N = 107) does not allow drawing generalizable conclusions from our results. Indeed, this study was exploratory and intended to generate hypotheses and research questions in a new field of research. Another limitation of our sample lies in the socio-economic background indices (IMSE). Although our study only considered the socio-economic factor of school in his neighborhood, it did not consider the socio-economic factor of each family. This study was part of an exploratory process at the start, and we did not plan to collect this data directly from the parents of students. Thus, concerning the distribution of the presence of psychological difficulties (e.g., internalized and externalized problems and ADHD) in the two groups, there could be misleading reading of the results.

Furthermore, recall that the schools in the fixed group were among the least advantaged schools in the CSS, while two schools in the flexible group were among the most advantaged schools. However, previous research indicates that difficult socio-economic conditions in the home environment are associated with lower sense of wellbeing, mental health, and academic achievement (Ayotte et al., 2009; Riberdy et al., 2013; Couture, 2019). According to Riberdy et al. (2013), youth from disadvantaged backgrounds are more likely to be diagnosed with a mental health problem and report a perceived mental health problem. As a result, a higher prevalence of behavioral problems (hyperactivity, internalizing, and externalizing problems) is observed in these youth (Ayotte et al., 2009; Riberdy et al., 2013; Kettani et al., 2017; Couture, 2019). Moreover, according to Childs and McKay (2010), boys appear to be more susceptible to the effects of a low socio-economic background. Thus, the poorer mental health of boys in the flexible group compared to boys in the fixed group does not appear to be explained by socio-economic background.

A number of limitations of the study relate to methodology. To better understand the results, it would have been useful to use a mixed design and incorporate qualitative data through individual or group interviews. Also, our starting methodology had to have two measurement times, which would have been optimal for answering our research questions. This constitutes a significant limitation to our study and to the interpretation of the results concerning the differences between our groups. Moreover, it would have been useful to do a second measurement at the end of the year (outside of the pandemic context) to compare the two groups over the school year and to see if there were any changes in mental health indicators. In this sense, an important limit of the results indicates that the independent variable (type of arrangement) has a significant effect, not so much on the processes of adaptation/functioning in the classroom, but on indicators of general functioning (internalizing problems; inattention/hyperactivity; emotional symptoms) which can probably be interpreted as previous aspects, not attributable simply to the arrangement of the class.

Another limitation is that not all the data collected were independent from one another. Indeed, the analyses conducted (t-tests) were based on the premise of non-independence of the data. This limitation could have been circumvented by introducing group affiliation as a covariate in the analyses. Furthermore, the gender-differentiated analysis used separate t-tests, but this distinction required first validating that significant interaction emerged a priori. This would have required conducting a MANOVA predicting mental health indicators and wellbeing and including gender and group as inter-subject variables. Were this interaction significant, separate t-tests would have been indicated. However, given the gender significance of the results, there is little doubt that this interaction was significant. The other limitation of our study concerns the limited literature on the topic. Indeed, our results could not be documented and supported by other studies that conducted gender-differentiated analyses. The final limitation of our study is that we did not consider students with special needs. A study should focus on the inclusion of these students in the context of flexible seating classroom.

Therefore, the above considerations need to be confirmed. Ultimately, this study had an exploratory intention. In addition, the protocol had to be modified because of COVID-19, a measurement time could not be completed. As we cannot redo the study, we can only add limits to the discussion and place the study in an exploratory context of research on a seed grant model in a new field.



Prospects for Research

Our findings suggest the need for further studies on the topic. Indeed, the results of this study provide initial data on the influence of classroom seating arrangement on student wellbeing and mental health at school.

In view of the differences found between boys and girls, it would seem vital to make gender-differentiated analyses routine in scientific research related to human health or behavior (Tannenbaum et al., 2019). In the future, it would be relevant for studies conducting qualitative analyses to gather student and teacher perceptions to have a better understanding of school design-related factors influencing student mental health and wellbeing.

Also, it should be emphasized that the pedagogical methods within the classrooms affect a positive modification of the learning processes in children compared to the fixed seating classroom. In fact, in this sense, in a future study, pedagogy and learning processes should also be investigated in addition to wellbeing.

Finally, it would be very interesting in future studies in this field to favor a comparison between different cultures with an intercultural perspective. Thus, flexible classrooms could promote inclusive processes for children with special educational needs.
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FOOTNOTES

1“discours pédagogique actuel […] axé sur l’apprentissage, sur le fait de mettre l’élève au centre du débat, de l’aider à s’adapter, à être créatif, coopératif, réactif et autonome.” [Our translation].

2“ressentir une grande satisfaction générale à l’égard de sa vie.” [Our translation].

3“le bien-être devrait être compris comme un état de plaisir subjectif et de satisfaction à l’égard de la vie, mais aussi de réalisation de soi.” [Our translation].

4“l’étude scientifique des expériences positives, du bien-être et du fonctionnement optimal de l’individu.” [Our translation].

5“Je pense que de bonnes choses vont m’arriver dans ma vie”; “Je m’entends bien avec les gens”; “Je me suis sentie détendue.” [Our translation].

6“Je fais souvent des choses sans réfléchir”; “L’école ne m’intéresse pas”; “J’aime qui je suis” [Our translation].

7“Je m’entends bien avec les autres”; “Je suis nerveux”; “Je sais bien écouter.” [Our translation].
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While many sociocultural, contextual, biological, behavioral, and psychological variables may contribute to the widespread under-representation of girls and women in the science, technology, engineering, and mathematics (STEM) field, this study focused on STEM-gender stereotypes, school experiences, and adolescence as critical factors in driving students' interest and motivation in STEM. Based on this, the study (a) investigated differences by gender and national context (Italy vs. Nigeria) in adolescents' STEM-gender stereotypes, school empowerment, and school engagement in a preliminary step, and (b) simultaneously examined how adolescents' STEM-gender stereotypes were related to school empowerment and school engagement as well as to socioeconomic status (SES). These latter relations were considered within the context of the potential moderating role of gender and national context. Participants included 213 Italian adolescents (Mage = 13.91; 52.1% girls) and 214 Nigerian adolescents (Mage = 13.92; 60.3% girls), who completed measures of school empowerment and engagement, STEM-gender stereotypes, and SES. A multivariate analysis of covariance showed that Nigerian girls and boys reported significantly higher levels of school empowerment, school engagement, and STEM-gender stereotypes than their Italian peers. Moreover, regardless of the national context, boys scored significantly higher on school empowerment and STEM-gender stereotypes than girls. Furthermore, a multiple-group path analysis revealed how higher school empowerment was related to lower STEM-gender stereotypes in both Italian and Nigerian girls' groups, while higher school engagement was associated with lower STEM-gender stereotypes only in the Nigerian groups. Regardless of gender and nationality, higher SES was linked to lower STEM-gender stereotypes. These findings particularly suggest that school empowerment and school engagement can be relevant dimensions to be studied and to develop strategies to counteract STEM-gender stereotypes in adolescence. Nonetheless, gender and national context are key factors to be considered. Limitations, strengths, future research, and educational implications are discussed.

Keywords: STEM-gender stereotypes, school empowerment, school engagement, socio-economic status, cultural comparison


INTRODUCTION

Science, technology, engineering, and mathematics (STEM) education is one of the key factors for preparing students for in-demand careers worldwide (e.g., Marginson et al., 2013; Zilberman and Ice, 2021; Eurostat, 2022). The continually evolving STEM sectors produce increasing opportunities to find entry-level work positions. This trend is proven not only in low- and middle-income countries, like those in Africa, where STEM education is strongly supported as a critical investment for social and economic development (World Bank, 2014) but also in high-income industrial countries. For example, in Italy 80% of STEM graduates find work within 1 year after graduation and this percentage becomes 92.1% within 5 years after graduation. These employment rates are significantly higher than those observed for graduates as a whole (AlmaLaurea, 2022) and confirm that new jobs are emerging within our economies, which require knowledge and skills in STEM. In addition to youth employment issues, global problems such as climate change, nutrition of a growing population, or growth of the economy itself can be better afforded by a new generation of well-educated young people in STEM. Therefore, STEM education has become a priority issue for both researchers from different fields and policymakers and non-governmental organizations.

However, despite this push toward the multiplication of actions to favor the spread of STEM education and employment, many countries are facing increasing gaps in this field (Kramer et al., 2015). As the United Nations Children's Fund (UNICEF) recently pointed out (2020a) in a specific report—much of this gap depends also on the under-representation of girls and women in STEM. The UNICEF report maps gender equity in STEM in 86 countries in different areas of the world and shows remarkable results. First, in more than 60% of the countries, girls at school (both at the upper primary and secondary level) show “minimum levels of proficiency” (MLP) in math and science at least comparable or higher than boys, but substantial differences exist depending on the regional area and socioeconomic status (SES). For example, girls present significantly lower MLP in math in most developing countries in Sub-Saharan Africa and Latin America, while within countries, girls show lower MLP in math than boys in the context of lower (but not higher) SES. Second, considering the “high proficiency levels” (HPL) in STEM, girls are less likely than boys to achieve these levels in most of the countries: 72% for math and 56% for science in upper primary school and 96% and 83%, respectively, at secondary school. Third, in around 60% of the countries, girls have a significant lower level of self-confidence in their STEM abilities than boys starting from the upper primary school; in the other 40% of countries, self-confidence scores also tend to be lower for girls, although in a statistically non-significant way. Fourth, girls' lower self-confidence is linked to a gender gap in STEM engagement, interest, and enjoyment, with correlations ranging from 0.44 to 0.65. Fifth, in 92% of countries, more boys than girls aspire to a STEM career; this gender gap is also evident even in the groups with the highest levels of STEM proficiency, with more than a fifth of boys aspiring to a STEM career in 64% of the countries, while this percentage drops to 17% for girls.

What emerges from this set of findings is that the under-representation of girls and women in the STEM field is generally widespread. This situation has evident negative consequences not only in terms of the development of the individual potential of half of the world's population (i.e., creativity, innovation, problem-solving, or increasing work-related STEM skills), but also from a more general, social, and political point of view. Without equal access and participation in STEM, for example, the 2030 Agenda for Sustainable Development provided by the United Nations (2015) will hardly reach its goals. STEM for girls, in fact, can stimulate and accelerate a number of Sustainable Development Goals (SDGs), like gender equality (SDG 5), no poverty (SDG 1), good health and wellbeing (SDG 3), and decent work and economic growth (SDG 8). This is because through better knowledge and use of science and technology (for example, related to health or communications) girls and women can potentially improve their lives and work-related opportunities. This acceleration may also concern quality education (SDG 4) or industry, innovation, and infrastructure (SDG 9), because higher STEM abilities empower girls to contribute to developing transferable, technical, and vocational skills for entrepreneurship and to lead innovative solutions in industrial sectors (UNICEF, 2020b).

In view of such a context and the potential negative future scenarios that arise from it, it is extremely important to understand why girls are under-represented in STEM and what actions can be taken to reverse the trend. While many sociocultural, contextual, biological, behavioral, and psychological factors may contribute to limiting girls' engagement with STEM, Master and Meltzoff (2016) highlighted the critical contribution of gender stereotypes in driving young students' interest and motivation in STEM. The under-representation of girls and women in the STEM field is deeply rooted in gender social representations that suggest how girls are not appropriate, or at least less than boys, for STEM education and employment (Master et al., 2014; Piatek-Jimenez et al., 2018; Thébaud and Charles, 2018; UNICEF, 2020b). Data from the above-mentioned report from UNICEF (2020a) support this view by associating gender gap in STEM with a variety of gender norms, biases, and stereotypes (e.g., girls receive less STEM-related praise; parents expect their sons, rather than their daughters, to have a STEM career). Regarding gender stereotypes, in many of the countries included in the report, 70% of individuals considers STEM as adequate for males than for females (e.g., Nosek et al., 2009; Campos et al., 2014; Cheryan et al., 2015; Grunspan et al., 2016; UNESCO, 2017; Schleicher, 2019).

Focusing on gender stereotypes is consistent with the most recent evidence claiming that the most important explanations of gender differences are grounded in preferences and choices rather than in skills and performance (e.g., Riegle-Crumb et al., 2012; Dasgupta and Stout, 2014). This approach explains why there would be fewer or no reliable gender differences in primary school than at later school levels when girls and boys more actively express preferences and interests and have been exposed to gender stereotypes influence for a longer time. In their work on these issues, Master and Meltzoff (2020) provide at least two key suggestions. First of all, they distinguish between two dimensions of STEM-gender stereotypes (see also Master and Meltzoff, 2016; Wynn and Correll, 2017): a “cultural fit” stereotype (i.e., the belief that “STEM = male” and “girls like STEM less than boys”) and an “ability” stereotype (i.e., the belief that “girls have less ability than boys”). Girls and women may worry about not fitting into the image of a STEM person and not having the ability to succeed in STEM and this combination contributes to their STEM under-representation. This broadens the concept of stereotype threat (Steele, 1997) and the related research approach, usually focused on how ability stereotypes affect girls' and women's performance in STEM and suggests using appropriate measures to grasp simultaneously “cultural fit” and “ability” stereotypes. Also, they propose a comprehensive STEreotypes, Motivation, and Outcomes (STEMO) developmental model, in which social factors (e.g., stereotypes) are essential in explaining youth's interest and academic outcomes in STEM. Specifically, this model indicates that when individuals encounter stereotypes about social groups (e.g., STEM-gender cultural fit and ability stereotypes) and these stereotypes are relevant to their social identity (e.g., gender), this has an impact on their self-representations (i.e., identification, ability beliefs, and sense of belonging) in STEM and, consequently, compromise their interest and academic achievement (e.g., participation) in STEM.

The STEMO model is a promising avenue for future interventions, given the centrality of STEM-gender stereotypes and their potential malleability in the school settings. From this point of view, one of the possible interventions is to challenge stereotypes about who belongs to STEM (cultural fit stereotypes) and the possession of fixed abilities determined by gender (ability stereotypes). According to the STEMO model, such interventions would have the consequence of changing the way girls would see themselves, increasing aspects such as the sense of identification with the STEM domain (“I am a math person”), the self-efficacy (“I am able to be successful in science and technology”), and the sense of belonging (“I am part of the STEM group”). This would lead to more positive STEM outcomes. Thus, one of the central questions is to evaluate which contextual, individual, social, and cultural factors favor overcoming the “traditional” STEM-gender stereotypes. In this study, we addressed the issue by focusing on (a) school context and adolescence; (b) two individual factors related to school experience, namely school empowerment and school engagement, theoretically associated with STEM-gender stereotypes; (c) one social factor like SES, given its influence on STEM outcomes (see above); and (d) gender and cultural differences, by comparing girls and boys from a high-income industrial country, such as Italy, with girls and boys from a low-middle-income country, such as Nigeria.

We considered that the processes suggested by the STEMO model unfold with the experiences in school (Master and Meltzoff, 2020), which represents one of the primary socialization environments for children and youth in terms of STEM subjects and expectations. Teachers and school staff may hold STEM-gender stereotypes influencing their interactions with students (e.g., Gunderson et al., 2012) as well as students' STEM-gender stereotypes and self-concepts (e.g., del Río et al., 2019). At higher school levels, students organize their tertiary educational and career preferences and choices also based on these experiences. Therefore, school is a privileged context to be considered both in terms of understanding the mechanisms that boost or buffer the transmission of STEM-gender stereotypes and in terms of potential interventions. In addition, adolescence represents a crucial life phase to be considered in relation to STEM-gender stereotypes. In fact, the most recent literature has adequately supported that traditional STEM-gender stereotypes were more prevalent among adolescents compared to younger children (e.g., Passolunghi et al., 2014; Miller et al., 2018; Starr and Simpkins, 2021). This finding was explained through the peculiarities of adolescence, a period when individuals are engaged in identity formation and try to use more systematically the information deriving from social confrontation (Erikson, 1968). Stereotypes may contribute to the development of identity because adolescents have the cognitive abilities to relate stereotypes to themselves (e.g., Marcia, 1994; Patterson and Bigler, 2018). Hence, adolescents represent a crucial group to be studied within the STEM-gender stereotypes research context.

Given the importance of the school context, dimensions such as school empowerment (Tam et al., 2020; Ruiz-Cantisani et al., 2021) and school engagement (Almeda and Baker, 2020) can play a role in the formation of STEM-gender stereotypes and STEM gender gap. Previous research suggested how there are links between STEM-gender stereotypes and self-efficacy: girls or women with higher explicit or implicit gender stereotypes in a STEM domain (e.g., math or science) frequently show lower beliefs to succeed in such a domain (e.g., Deemer et al., 2014; Passolunghi et al., 2014; Ertl et al., 2017). According to Bandura (1982), self-efficacy is subject-specific, and it should be conceptualized separately in each STEM domain. However, Zimmerman and Warschausky (1998) highlighted how self-efficacy is only a component of psychological empowerment, which “is not simply the belief that an individual can overcome barriers to independence, but also includes the individual's capacity and willingness to make such an effort (p. 13).” Cattaneo and Chapman (2010) argued that empowerment focuses on personally meaningful goals and aims to enhance one's social influence to exert power in social interaction. Starting from these conceptualizations, we assumed empowerment as a process that helps people gain control over their own lives (Page and Czuba, 1999), including reduced effects of stereotypes held by a society or community. The school community plays a relevant role in providing opportunities to experience psychological empowerment. Thus, higher levels of psychological empowerment experienced in the school context (school empowerment) could be related to lower levels of STEM-gender stereotypes, which usually reduce power in social influence and life choices. Furthermore, considering the STEM gender gap and the contents of STEM-gender stereotypes, it is still possible to assume a (negative) relation between school empowerment and STEM-gender stereotypes in girls, but not in boys.

The research also showed how students' engagement in the school context (school engagement) may be associated with STEM aspirations (Cunningham et al., 2015) and with the type of school programs chosen by the students, with those in STEM programs more highly engaged than those in traditional programs (Patel et al., 2013; Kogo-Masila, 2017). However, the literature examining the association of school engagement with STEM-related dimensions is limited. To the best of our knowledge, no studies have investigated the relation between school engagement and STEM-gender stereotypes. Despite this paucity, there are reasons for this link to be explored. School engagement may be conceptualized as active, goal-directed, constructive interactions with the physical, social, and cultural environments of school (Furrer and Skinner, 2002) and, at a more individual level, may be operationalized as energy (i.e., positive approach), dedication (i.e., positive cognitive attitude), and absorption (i.e., concentration abilities) directed to school activities (Salmela-Aro and Upadyaya, 2012). Students who feel engaged with school show higher motivation and academic achievement over time (Salmela-Aro and Upadyaya, 2012); for girls, this dynamic may trigger greater curiosity and interest in STEM subjects as well as STEM-gender stereotype reactance with increased effort and willingness to demonstrate that the stereotypes are biased. Furthermore, this potential process can be more easily detectable in national contexts where the school still represents a concrete means for social redemption and where therefore school engagement can have more relevant outcomes from this point of view (i.e., more in a low-middle-income country rather than in a high-income country).

Social factors are also involved in students' STEM-gender stereotypes. Students from higher SES backgrounds may have previously been given more opportunities to learn about STEM and to build their STEM skills. This is especially important for girls, who can maximize their potential for success in STEM and, consequently, construct less biased STEM-gender stereotypes (Master and Meltzoff, 2020). On the contrary, girls from lower-SES backgrounds have fewer learning opportunities in STEM and chances to experience STEM skills; therefore, they may be more easily adherent to the culturally transmitted STEM-gender stereotypes.

Both STEM-gender stereotypes and the individual and social factors just described as well as their relations may vary depending on the students' gender and the national context of reference. STEM-gender stereotypes are cultural representations expressed by a particular society in many ways, such as social interactions and language use (Markus and Kitayama, 2010; Master and Meltzoff, 2020). They transcend beliefs within an individual, but when stereotypes concern issues involving gender, they can favor a gender more than another. Traditional STEM-gender stereotypes favor the boys, who may tend to conform to them less critically and present higher levels of stereotypes than girls, especially during adolescence (see Starr and Simpkins, 2021). Also, in low- and middle-income economies with higher levels of gender gap, STEM-gender stereotypes may be more prevalent (UNICEF, 2020b; World Economic Forum, 2021) than in developed countries, where all genders grow up by believing they share the same opportunities. Furthermore, previous studies reported consistent gender differences in school engagement, with girls more engaged with school than boys (e.g., Wang and Eccles, 2012; Fernández-Zabala et al., 2016). As Wang and Eccles (2012) reported, this finding may reflect a greater girls' concern for school performance, maybe because of gender socialization processes and differential expectations of parents and teachers (see also Wilkinson and Marrett, 1985; Eccles, 2007). The research also highlighted gender differences for school empowerment, with females scoring higher than males, and justified such a finding with the relevance of the social dimension for girls compared to boys (Helgeson, 1994; Årdal et al., 2018); yet these differences are small and further studies on this topic are needed. As for the differences related to the national context, to the best of our knowledge, literature does not report how school engagement and empowerment may change depending on country income levels (low and middle vs. high). However, it is theoretically possible that when school represents a greater opportunity for social mobility (in low- and middle-income countries), school engagement may be higher. Also, in terms of the relations among STEM-gender stereotypes, school empowerment, and school engagement, the research seems to be specifically lacking. Nevertheless, starting from the related literature, we previously suggested that (a) higher school empowerment may be associated with lower STEM-gender stereotypes in girls and (b) higher school engagement may be more associated with lower STEM-gender stereotypes in low-middle-income countries than in high-income countries, especially for girls. Finally, regarding the link between SES and STEM-gender stereotypes, previous research suggested that higher SES is associated with lower levels of STEM-gender stereotypes, and this is particularly evident for girls (Master and Meltzoff, 2020).


Aims and Hypotheses

In light of previous arguments, this study addressed the following two aims: (a) to assess gender and cultural differences in adolescents' STEM-gender stereotypes, school empowerment, and school engagement as a preliminary step; and (b) to analyze the associations of adolescents' school empowerment, school engagement, and SES with STEM-gender stereotypes and how these relations may change depending on gender and cultural context. To achieve these goals, as previously mentioned, we referred to two specific national contexts such as Italy and Nigeria, which are interesting to compare due to their socioeconomic and cultural characteristics. Italy is a European westernized country and one of the world's most industrialized economy with high-income levels. The gross domestic product (GDP) in Italy was 1,890 billion US dollars in 2020, according to official data from the World Bank (2022a). However, despite an improvement in the global gender gap index during the last 15 years, Italy is in the 63rd place across the 156 countries covered by the 2021 Global Gender Gap Report (GGGP, World Economic Forum, 2021) and presents a ratio of 1:0.46 in terms of STEM attainment in favor of males. Nigeria is a low-middle- income country, located in the western Sub-Saharan Africa. The GDP in Nigeria was 432 billion US dollars in 2020 (World Bank, 2022b). Nigeria experienced a slight improvement in the global gender gap index during the last 15 years as well, but it ranks 139th among the 156 countries (World Economic Forum, 2021). Although the 2021 GGGP does not report any indications about the male-female ratio of STEM attainment, a number of reports have highlighted how Sub-Saharan Africa has one of the largest gender gaps worldwide in STEM, especially in the lower secondary school (e.g., Rubiano-Matulevich et al., 2019), and Nigeria presents a very low participation of females in STEM courses as a result of cultural and religious beliefs, traditions, early marriage, and parental educational background (e.g., Salman et al., 2011; Abdullahi et al., 2019).

Based on all the above information, we predicted that:

a) STEM-gender stereotypes were higher for boys than girls and for the Nigerian than the Italian adolescents.

b) School engagement was higher for girls than boys and in the Nigerian than in the Italian adolescents.

c) Higher school empowerment was significantly associated with lower STEM-gender stereotypes for girls, but not for boys.

d) Higher school engagement was more significantly associated with lower STEM-gender stereotypes in the Nigerian than in the Italian adolescents, especially for girls.

e) Higher SES was associated with lower levels of STEM-gender stereotypes, more significantly for girls than boys.

Given the lacking or less consistent literature as well as the exploratory nature of the study, we did not predict any specific gender and cultural differences for mean levels of school empowerment.




METHOD


Participants

The participants in this study included 213 Italian adolescents (Mage = 13.91, SD = 0.38, range = from 12 to 15 years; 47.9% boys and 52.1% girls) and 214 Nigerian adolescents (Mage = 13.92, SD = 0.97, range = from 12 to 15 years; 39.7% boys and 60.3% girls). Both the Italian and Nigerian participants attended the last year of lower secondary school; therefore, the following year, they would choose the higher education path that would lead them to a more restricted career perspective. This, therefore, represented a pivotal phase in their social identity development and sensitivity to STEM-gender stereotypes (see Introduction section). The Italian adolescents were attending school in southerneastern Italy (Apulia region) and Nigerian adolescents in southeastern Nigeria (Enugu State) in towns with more than 100,000 inhabitants. The average number of students in the classes frequented by the participants was 21.67 (SD = 3.59) for the Italian group and 38.19 (SD = 4.68) for the Nigerian group. The SES of the participants' families was prevalently medium. Based on a three-level classification of scores using the Barratt Simplified Measure of Social Status (BSMSS, Barratt, 2012, see Measures section), 4.2% of Italian and 9.3% of Nigerian adolescents fell into the low stratum, 62.0% of Italian and 58.9% of Nigerian adolescents fell into the medium stratum, and 33.8% of Italian and 31.8% of Nigerian adolescents fell into the high stratum. A comparison of the two national groups showed that they did not differ significantly in terms of gender (0 = boys, 1 = girls), χ2(1) = 2.89, p = 0.09, SES (0 = low, 1 = medium, 2 = high), χ2(2) = 4.42, p = 0.11, and age, t(425) = −0.17, p = 0.87. Significant differences were found for the average number of students in the classes, t(425) = −40.98, p < 0.001, with the Nigerian school classes more numerous than the Italian ones.



Procedure

The study was approved on 11 May 2020, by the Ethical Committee at the Department of Education, Psychology, and Communication at the University of Bari (Ethics reference code: ET-20-06), and all procedures were performed following the ethical principles for psychological research of the Italian Association of Psychology (2015). A convenience sample was initially recruited from three schools in the Italian urban context in Italy. The schools were selected by internal University search databases, where a list of local school institutions was stored, and encouraged to take part in the investigation through a motivation letter introducing the purpose of the research work. Within 1 month, the same procedure was followed in Nigeria by the third author of this work, who also ensured the comparability of the Nigerian schools with the Italian ones through a specific pairing process, by considering the schools' regional location in Nigeria and the urban characteristics in which they were inserted. After receiving permission from the respective school principals, the students' parents from both Italy and Nigeria were informed through a letter describing the purposes of the research, the voluntary nature of participation, and the anonymity of responses. All the parents provided informed consent for their son's or daughter's participation. In addition, participants provided signed assent agreeing to take part in the study. Participants completed a web-based survey in Italy and a web-based or a paper-and-pencil survey in Nigeria (depending on the schools) during the class time and they could withdraw at any time. The data collection took place between April and June 2021. Usually, participants completed the survey in about 30 min.



Measures

The measures used in this study were presented in the Italian language for the Italian participants, and in English for the Nigerian participants as it is the official and widely used language in Nigeria. When it was the case, we translated some measures from English into Italian (i.e., school engagement inventory). In the latter case, following the recommendations of the International Test Commission (2017), an independent English native language teacher, fluent in Italian, did a back-translation. Slight discrepancies were resolved through discussion and consensual agreement.


Socio-Demographics

Respondents were asked to indicate their age and gender. Paternal and/or maternal level of school completed (scores from 3 = less than 7th grade to 21 = graduate degree) and the parents' occupation (scores from 5 = e.g., day laborer, house cleaner, food preparation worker to 45 = e.g., physician, judge, senior manager) were assessed using BSMSS (Barratt, 2012; total education + total occupation scores from 8 to 66).



School Empowerment

An adapted form of the Psychological Empowerment Scale (PES; Spreitzer, 1995; see Pietrantoni and Prati, 2008, for the Italian version) was used to assess students' perception of school empowerment. The original version of the PES consists of 12 items assessing four different dimensions in the workplace comprising three items each: meaning, competence, self-determination, and impact. However, recently it was adapted among students in different national contexts (e.g., Beauvais et al., 2014; Azizi et al., 2020; Cayaban et al., 2022). Following this line, we culturally adapted the instrument to students and the school environment. In doing so, the first three authors worked together following a specific procedure (see, for example, da Silva Augusto et al., 2017). Preliminarily, they discussed conceptual and semantic characteristics of PES, as previously adapted in the academic context, in light of the idiomatic and cultural differences (or equivalences) between the English and Italian versions as well as the Nigerian and Italian contexts. They agreed on the need to assess cross-culturally the PES content validity, which is the degree to which each item was relevant to and representative of school empowerment. Thus, they recruited a committee of six experts (three Italian and three Nigerian) with extensive experience in the school context, who rated each item on a Likert-type scale from 1 (not important) to 4 (very important). Only the items that obtained the maximum score (i.e., 4) from at least two Italian and two Nigerian experts were considered valid. Five items met this criterion, with at least one item in one of the four initial dimensions of the PES. After excluding (to maintain the item-dimension balance) the item with less agreement among experts, the final scale had four items: “The study I do is very important to me” for meaning, “I am confident about my ability to study” for competence, “I have opportunity for independence and freedom in how I study” for self-determination, and “I have significant influence over what happens in my class” for impact. Items were scored by the participants on a Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree). Prior studies have provided evidence that PES items load on four factors corresponding to the theoretical dimensions and that these factors load on a second-order factor of empowerment (e.g., Spreitzer, 1995; Pietrantoni and Prati, 2008). Thus, we expected that our four selected items would load on one factor of school empowerment across the two national contexts. We tested this one-factor structure model, as well as measurement invariance (configural, metric, and scalar, see Van de Schoot et al., 2012) across contexts, through robust maximum likelihood multi-group confirmatory factor analysis (MG-CFA; see the “Analysis Plan” section for model fit criteria), using the four items as observed indicators. This one-factor and scalar measurement-invariant model was adequately supported, χ2(10) = 16.33, p = 0.09, CFI = 0.970, RMSEA = 0.054, SRMR = 0.098. The internal consistency reliability scores calculated by the factor determinacy (Muthén and Muthén, 2012) were good for both the Italian (0.84) and Nigerian (0.78) groups. Overall, these results allowed validly comparing scale mean scores across the two national contexts (e.g., van de Vijver and Leung, 1997; Boer et al., 2018). For both groups, a composite variable was created by computing the average of the items, with higher scores indicating higher levels of school empowerment.



School Engagement

The Schoolwork Engagement Inventory (SEI; Salmela-Aro and Upadyaya, 2012) was used to assess students' perception of school engagement. The SEI consists of nine items assessing three different dimensions comprising three items each: energy, dedication, and absorption. To culturally adapt the instrument, we followed a procedure very similar to that already described for the school empowerment. The final scale had three items: “I feel strong and vigorous when I am studying” for energy, “I am enthusiastic about my studies.” for dedication, and “Time flies when I am studying” for absorption. The items were scored by the participants on a Likert-type scale ranging from 1 (a couple of times a year) to 5 (daily). Prior studies have provided evidence that SEI items load better on one factor among the younger students (e.g., Salmela-Aro and Upadyaya, 2012). Following this line, we expected that our three selected items would load on one factor of school engagement across the two national contexts. We tested this one-factor structure model, as well as measurement invariance across contexts, through MG-CFA, using the three items as observed indicators. This one-factor and scalar measurement-invariant model was adequately supported, χ2(4) = 7.75, p = 0.10, CFI = 0.975, RMSEA = 0.066, SRMR = 0.085. The factor determinacy scores were good for both the Italian (0.94) and Nigerian (0.78) groups. For both groups, a composite variable was created by computing the average of the items, with higher scores indicating higher levels of school engagement.



STEM-Gender Stereotypes

To assess STEM-gender stereotypes, we used an eight-item questionnaire adapted by Tomasetto et al. (2015). This questionnaire measures explicit stereotypes concerning both between-gender (i.e., “I believe that generally males are more talented than females at math/science-technology”) and within-gender (i.e., “I believe that generally females have more facility with language than with math/science-technology”) differences in math (four items) and science-technology (four items). As it is possible to understand from the example items, the between-gender stereotypes recall the “ability” stereotypes, while the within-gender stereotypes recall the “cultural fit” stereotypes proposed by the STEMO model (Master and Meltzoff, 2020). To culturally adapt the instrument, we followed a procedure similar to that already described for the previous measures. All the items were retained. They were scored on a Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree). Prior studies have provided evidence that math-gender stereotypes items load on one factor (e.g., Tomasetto et al., 2015). Following this line, we expected that our eight items would load on two factor of math-gender and science/technology-gender stereotypes across the two national contexts. We tested this two-factor structure model, as well as measurement invariance across contexts, through MG-CFA, using the eight items as observed indicators. This two-factor and scalar measurement-invariant model was sufficiently supported, χ2(46) = 107.71, p < 0.001, CFI = 0.946, RMSEA = 0.079, SRMR = 0.094. The factor determinacy scores were good for both the Italian (0.96 and 0.97, respectively, for math-gender and science/technology-gender stereotypes) and Nigerian (0.92 and 0.94, respectively, for math-gender and science/technology-gender stereotypes) groups. However, the correlation between the two factors was very high: 0.95 for the Italian group and 0.78 for the Nigerian group. Based also on subsequent key analyses suggesting no differences in the patterns of results when considering math-gender and science/technology-gender stereotypes separately or as a whole, we used a unique variable of STEM-gender stereotypes henceforth for parsimony. The Cronbach's alpha coefficients for this general variable were: 0.96 for the Italian group and 0.85 for the Nigerian group. For both groups, a composite variable was created by computing the average of the eight items, with higher scores indicating higher levels of STEM-gender stereotypes.




Analytic Plan

The data analysis proceeded in three main steps. First, descriptive statistics for the study variables were initially calculated using version 24 of the Statistical Package for the Social Sciences (SPSS). Specifically, mean scores, standard deviations, normality statistics, and bivariate correlations were computed.

Second, we evaluated differences by gender (0 = boys; 1 = girls) and national context (0 = Italy; 1 = Nigeria) in school empowerment, school engagement, and STEM-gender stereotypes. Particularly, we conducted a multivariate analysis of covariance (MANCOVA) considering gender and national context as independent variables and the other constructs as dependent variables. SES was entered as a covariate.

Third, to explore the differential associations of school empowerment, school engagement, and SES with STEM-gender stereotypes and how these relations varied by gender and national context, a multiple-group path analysis using Mplus 7 (Muthén and Muthén, 2012) was performed considering four groups: Italian boys, Italian girls, Nigerian boys, and Nigerian girls. We initially estimated and compared an unconstrained (less restrictive) model, in which the most relevant path coefficients were allowed to vary between the four groups, with a constrained (more restrictive) model, where all key path coefficients were set equal across groups. Significant differences in fit between these models implied the estimation of alternative partially constrained models. We relied on well-known goodness-of-fit indices and their associated cutoffs to evaluate the model fit (e.g., Kline, 2015): chi-square (χ2) test with p > 0.05, CFI ≥ 0.90, RMSEA ≤ 0.08, and SRMR ≤ 0.10. To ascertain significant differences between nested models (the more vs. less restrictive model), at least two of these four criteria had to be satisfied (Kline, 2015): Δχ2 significant at p < 0.05, ΔCFI ≤ −0.010, ΔRMSEA ≥ 0.015, and ΔSRMR ≥ 0.010.




RESULTS


Preliminary Analyses

An initial data screening revealed that three participants (two Italians and one Nigerian) did not complete the survey (more than 30% of responses were not completed). These cases were deleted from the dataset. Tables 1–3 summarize the descriptive statistics and report bivariate correlations in the total sample and by gender, by national context, and by gender and national context. They show how some observed variables were only slightly not normally distributed with skewness and kurtosis values > ± 1.00 (Kline, 2015). This permitted us to perform the MANCOVA with some confidence, while in the structural equation modeling environment, the data were however analyzed using robust maximum likelihood estimation methods.


Table 1. Means, standard deviations, skewness, and kurtosis for the key study variables for the entire sample, by gender, by national context and by gender and national context.
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Table 2. Pearson's bivariate correlations for the Italian sample.
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Table 3. Pearson's bivariate correlations for the Nigerian sample.
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Mancova

Results from the MANCOVA showed a significant multivariate effect of gender, Wilks' Lambda = 0.95, F(3,420) = 7.94, p < 0.001, η2 = 0.05, and national context, Wilks' Lambda = 0.57, F(3,420) = 106.99, p < 0.001, η2 = 0.43. Two-way effects were not statistically significant. Follow-up univariate analyses (see Table 4) indicated that school empowerment and STEM-gender stereotypes differed significantly across gender, as well as school empowerment, school engagement, and STEM-gender stereotypes differed significantly across national contexts. Specifically, pairwise comparisons revealed that Nigerian participants reported significantly higher levels of all dependent variables than their Italian peers. Moreover, boys scored significantly higher on school empowerment and STEM-gender stereotypes than their female peers.


Table 4. Univariate analyses of covariance and pairwise comparisons for gender and national context (Italian vs. Nigerian) on school empowerment, school engagement, and STEM-gender stereotypes.
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Multiple-Group Path Analysis

The theoretical model to be estimated across gender and national context is illustrated in Figure 1. The initial unconstrained model was a saturated model, χ2(0) = 0.00, p = 0.00, CFI = 1.00, RMSEA = 0.000, SRMR = 0.000. The constrained version of the model had poor fit, χ2(18) = 74.62, p < 0.001, CFI = 0.000, RMSEA = 0.172, SRMR = 0.175 and a significantly worse fit compared to the unconstrained model, Δχ2(18) = 74.62, p < 0.001, ΔCFI = −1.00, ΔRMSEA = 0.172, ΔSRMR = 0.175. Inspection of modification indices suggested releasing the constraints for (a) paths from school empowerment to STEM-gender stereotypes in the Italian male and Nigerian male groups, (b) paths from school engagement to STEM-gender stereotypes in the Italian groups compared to the Nigerian groups, and (c) covariances between school empowerment and school engagement in the Italian groups compared to the Nigerian groups. The obtained partially constrained model had excellent fit, χ2(14) = 6.84, p = 0.94, CFI = 1.00, RMSEA = 0.000, SRMR = 0.036 and did not have a significantly different fit compared to unconstrained model, Δχ2(14) = 6.84, p = 0.94, ΔCFI = 0.000, ΔRMSEA = 0.000, ΔSRMR = 0.036. Standardized coefficients of this final model are shown in Figure 2.


[image: Figure 1]
FIGURE 1. The theoretical model to be estimated across gender and national context (Italian males, Italian females, Nigerian males, and Nigerian females).



[image: Figure 2]
FIGURE 2. Final estimated multiple-group path model. Solid lines represent significant pathways, dashed lines are non-significant. Standardized regression coefficients (betas) are shown. *p < 0.05, **p < 0.01, ***p < 0.001.


School empowerment was significantly and negatively related to STEM-gender stereotypes in both Italian and Nigerian female groups, while this association was significantly positive in the Italian male group and no significant relation was evidenced for the Nigerian male group. School engagement was significantly and negatively associated with STEM-gender stereotypes only in the Nigerian groups, while no significant relations were present in the Italian groups. SES was significantly and negatively linked to STEM-gender stereotypes in all considered groups. Furthermore, SES and school empowerment were significantly and positively correlated in all groups, while school empowerment and school engagement were significantly and positively associated only in the Italian groups and no significant relations were found in the Nigerian groups. No significant associations were revealed between SES and school engagement in all groups.




DISCUSSION

The purpose of the study was 2-fold. First, it investigated differences by gender and national context (Italy vs. Nigeria) in adolescents' STEM-gender stereotypes, school empowerment, and school engagement. Second, and more importantly, for the first time, it simultaneously analyzed how adolescents' STEM-gender stereotypes are related to the individual resources of school empowerment and school engagement as well as to the social factor of SES. These relations were considered in the context of the potential moderating role of gender and national context. The main results revealed that boys outscored girls in STEM-gender stereotypes and school empowerment and that Nigerian adolescents outperformed the Italian adolescents in STEM-gender stereotypes, school empowerment, and school engagement. Furthermore, higher school empowerment was significantly associated with lower STEM-gender stereotypes for girls regardless of the national context, while higher school engagement was associated with lower STEM-gender stereotypes in the Nigerian groups. Higher SES was associated with lower levels of STEM-gender stereotypes regardless of gender and national context. These results might suggest that, in addition to SES, school empowerment and school engagement can be relevant to be studied and to develop strategies to counteract STEM-gender stereotypes in adolescence. Nonetheless, it is necessary to consider the role of gender and national context to provide a better and appropriate interpretation of the emerging dynamics.


Gender and Cultural Differences in Adolescents' STEM-Gender Stereotypes, School Empowerment, and School Engagement

We expected higher levels of STEM-gender stereotypes for boys than girls and for the Nigerian than the Italian contexts. Our findings supported this prediction. As previous literature extensively reported (e.g., Moè et al., 2021; Starr and Simpkins, 2021), in adolescence, boys endorse STEM-gender stereotypes more strongly than girls. One explanation for this is that generally people conform more easily to associations that favor their gender. STEM-gender stereotypes propose associations that favor boys (e.g., “STEM = male”), while disadvantaging girls (“girls have less ability than boys”). This process of “favoritism” could, in turn, increase the perception of congruity between boys' gender role (what choices and behaviors they consider typical for their gender) and the beliefs that members of society usually have about what is most appropriate for them (Eagly and Karau, 2002), further fostering their stereotypes. Favoritism and gender role congruence, therefore, may account for the higher levels of STEM-gender stereotypes in boys than girls.

The national context, along with related cultural and social features, is also a principal factor that differentiates the levels of STEM-gender stereotypes. In line with prior research (UNICEF, 2020b; World Economic Forum, 2021), we found much higher levels of STEM-gender stereotypes in Nigeria than in Italy. Nigeria is a low-middle-income country with a high gender gap. It is still facing serious issues regarding gender differences (Salman et al., 2011; Abdullahi et al., 2019), linked to religious dimensions, cultural traditions (e.g., early marriages for girls), and socio-political issues (e.g., the general education levels of the population). In this context, STEM-gender stereotypes are widespread in the Nigerian population, resulting in a greater inequality of opportunities between boys and girls. Looking at the 2021 GGGP data (World Economic Forum, 2021), these sociocultural processes seem less relevant in Italy, where boys and girls can have a more equal view of future life and professional chances. This could explain why Italian boys and girls have lower levels of STEM-gender stereotypes.

We also expected higher levels of school engagement for girls than boys as well as for the Nigerian than the Italian adolescents. The findings supported this prediction only partially. First, as hypothesized, our adolescent participants in Nigeria showed higher levels of school engagement. When a context generally offers fewer prospects for personal life and profession, as in Nigeria than in Italy, the school may be perceived as one of the most significant and catalyzing environments providing opportunities for social climbing. This can lead to living in school in a more active and energetic way, building more positive attitudes toward the academic experience, fueling greater concentration in achieving goals, and ensuring more meaningful social relationships (Furrer and Skinner, 2002; Salmela-Aro and Upadyaya, 2012). Second, our expectation of higher levels of school engagement for girls than boys was not supported, and no differences were found. This is not consistent with previous research, which suggested that personality and motivation factors (e.g., Lam et al., 2012) or differential expectations of parents and teachers (Wilkinson and Marrett, 1985; Eccles, 2007; Wang and Eccles, 2012) may promote girls' greater concern on their school connection and performance. Probably, this result should be interpreted in relation to our group of participants and the period of data collection. As mentioned above, all our participants attended the last year of lower secondary school in the last period of the school year, when shortly thereafter they would face the final exams and the choice of the higher education path. This may have favored a general greater engagement by all students toward the final goal, flattening any inter-individual and gender differences. Therefore, further studies with larger samples, at different school grades, and at various times of the school year would be desirable, especially if the design is longitudinal.

We took an exploratory approach in considering gender and cultural differences in mean levels of school empowerment. Boys and Nigerian participants showed higher school empowerment than girls and Italian participants. In terms of gender differences, a previous study showed significantly higher mean scores of girls than boys for school empowerment, but the effect size was small (Årdal et al., 2018). However, the school empowerment measure was not strictly comparable to that of our study. Årdal et al. (2018) used a measure referring to motivation for influencing school, perceived control, and participatory behavior (Ozer and Schotland, 2011). Our measure was related to meaning, competence, self-determination, and impact. The main difference can be identified in the inclusion, in our measure, of the competence dimension, for which boys usually score higher than girls (e.g., Conway et al., 2015; Gomez-Baya et al., 2019). This can at least partially explain our result. Nevertheless, this finding raises the question of whether social norms and cultural stereotypes can have a strong impact on girls, inhibiting those empowerment and assertiveness skills crucial for the promotion of their interests and demands (Hentschel et al., 2019). This topic should be addressed in future research. Regarding the higher levels of school empowerment of Nigerian students compared to Italian ones, this again seems to support the idea that in Nigeria, more than in Italy, school seems to be a significant and catalyzing context for the expression of the individual resources of boys and girls, who seem to be better able to experience school as a setting of active responsibility.



Associations of Adolescents' STEM-Gender Stereotypes With School Empowerment, School Engagement, and SES in the Context of the Moderating Role of Gender and National Context

Concerning our primary goal, the findings showed that our expectations were generally supported with some exceptions. As expected, higher school empowerment was associated with lower levels of STEM-gender stereotypes in the two groups of girls regardless of the national context. Higher levels of school empowerment contribute to giving girls more control over their lives (Page and Czuba, 1999), by focusing on personal goals and enhancing their power in social interaction (Cattaneo and Chapman, 2010). This can make it easier for girls to react to the socially widespread STEM-gender stereotypes, which in contrast reduce their active self-determination and participation. The dynamic characterizing the boys is different. No significant association between school empowerment and STEM-gender stereotypes was evidenced for the Nigerian boys, while the association was positive for the Italian boys. Given that boys belong to the “gender favored by STEM-gender stereotypes,” it is not relevant for them to refer to empowering processes to counteract their social beliefs. On the contrary, the active management of social power might favor increasing levels of STEM-gender stereotypes. In line with this argument, it makes sense to expect this second mechanism to emerge in national contexts with a greater rate of individuality and where personal goals and success take on high relevance, such as in Italy, rather than in more collectivist contexts, such as Nigeria (Hofstede, 2001).

As far as the relations between school engagement and STEM-gender stereotypes are concerned, we found significantly negative links in the two groups of Nigerian boys and girls, while no associations were evidenced in the Italian groups. We hypothesized these differences related to the context, but we also expected some differences concerning gender. More specifically, we assumed a negative link between school engagement and STEM-gender stereotypes in the Italian girls, albeit less strong than that of the Nigerian girls. When students feel particularly engaged with the school, they are more inclined to consider it as a source of personal improvement, support, and motivation (Salmela-Aro and Upadyaya, 2012). This expands one's enthusiasm and interest also toward fields that social stereotypes would suggest as unsuitable and motivates to oppose these stereotypes. Such a process could therefore explain how school engagement would help reduce STEM-gender stereotypes in the Nigerian girls. However, this process might interact with the national context of reference. The more the school is considered a social value in terms of opportunities for social mobility in low-middle-income contexts, such as Nigeria, the more this process could be relevant and unfold its effects. In contexts where the levels of economic development and social support are higher, such as in Italy, the school could instead be perceived as a less determining factor for future subsistence, and this could dampen the fundamental meaning of the hypothesized process. This could be one reason for the lack of significant relation between school engagement and STEM-gender stereotypes in Italian girls. The two Italian and Nigerian contexts probably differ in another aspect as well. In the Nigerian context, where greater gender gaps and STEM-gender stereotypes are present, greater school engagement may imply greater attention to information counteracting these issues at school, and to girls when they present clear STEM skills. This could explain why school engagement was negatively associated for Nigerian boys in an equally relevant way as for Nigerian girls, while no significant relation was found for Italian boys, living in a context characterized by significantly lower levels of gender gap and STEM-gender stereotypes than in Nigeria (and this may make boys generally less sensitive to information and experiences promoting gender equity at school).

Finally, higher SES is related to lower levels of STEM-gender stereotypes, regardless of gender and national context. We expected this finding to be particularly relevant for girls compared to boys. In fact, we thought that higher levels of SES provided better chances for STEM learning and skills. Such a situation could more easily lead girls to reduce STEM-gender stereotypes than boys. However, our results suggest that SES background is equally relevant for boys as well. Although the literature suggests that STEM-gender stereotypes are more prevalent among adolescents than younger children due to advanced cognitive abilities connecting their identity with social categories (e.g., Passolunghi et al., 2014; Miller et al., 2018; Starr and Simpkins, 2021), however, other changes related to critical and moral skills could be generally associated with lower levels of STEM-gender stereotypes (e.g., Malti et al., 2021). A higher SES background could foster such skills for both girls and boys, and this could more easily explain our findings showing a lack of gender differences.



Limitations, Strengths, and Future Research

This study should be considered in light of some weaknesses. First, we used a convenience sampling method to collect our research data, and this casts doubt on the generalizability of our results. Also, because of selection bias, it is possible that the schools that participated in the study were significantly more motivated and/or more satisfied with their education paths and activities than those which did not. Large population-based random samples would be ideal to be considered in future research. Second, the use of self-report measures requires caution when interpreting the findings, even more when diverse cultural contexts are considered. Next investigations should combine mixed methods. For example, the simultaneous use of qualitative and quantitative analysis could help highlight the subjective experience of boys and girls in various national contexts. Third, the cross-sectional nature of the study design precludes us from clearly concluding the direction of the associations among the study variables (for example, from school empowerment to STEM-gender stereotypes or vice versa). Thus, it would be important to conduct future longitudinal studies following the same participants during adolescence in order to draw clearer conclusions about the direction of associations between these variables and about the causality processes involved. Fourth, our study was limited to the investigation of the associations of school empowerment, school engagement, and SES with STEM-gender stereotypes within the context of potential differences by gender and nationality. Actually, other variables may be interesting to consider. For instance, further studies could consider how the family environment and parenting, peer experiences, teacher-student relationships, sense of community, and personal future expectations could directly or indirectly affect STEM-gender stereotypes (e.g., Tandrayen-Ragoobur and Gokulsing, 2021). Furthermore, it is noteworthy to point out that we focused on explicit stereotypes only, namely on conscious representations assessed through self-reports, which may produce biased responses due to social desirability. To prevent such concerns, many studies analyzed the role of implicit gender stereotypes in STEM performance (e.g., Hausmann, 2014). This suggests that future research should consider assessing both implicit and explicit stereotypes and comparing the results.

Despite these limitations, our study contributed meaningfully to the literature because it extends our understanding of the characteristic of STEM-gender stereotypes in two ways. First, it provided a new clear picture of how STEM-gender stereotypes may differ based on gender and nationality. Second, it revealed how significant and school-based variables (empowerment and engagement) are associated with STEM-gender stereotypes, considering the role of gender and national contexts in these relations. Together, the findings highlighted potential factors to work on to reduce STEM-gender stereotypes from an international perspective. However, interventions should be developed by taking into account gender and national differences.



Educational Implication

Our findings provide implications for practice in the school community. Based on the STEMO model, we considered STEM-gender stereotypes as composed by two dimensions, i.e., cultural fit and ability stereotypes. To reduce the impact of these two types of stereotypes, it is important, on the one hand, to think of interventions that broaden the idea of who can be part of the STEM field and, on the other, to counteract the idea that skills are fixed (Master and Meltzoff, 2020). In the first case, for example, one could work by making the school environments dedicated to STEM teaching (for example, the computer room or the chemistry lab) less stereotypically masculine, using expedients such as the presence of plants, furniture with fluid lines, and colors usually matched to the feminine style (for example, powder pink and lilac). In the second case, it would be important for teachers to convey the idea that STEM skills are like a sporting activity: the more you practice and train, the more results will be obtained. Emphasizing the initial mistakes and failures of great scientists, who then achieved success by working hard, can be a good strategy. Moreover, in this line, Law et al. (2021) reported a good example of a growth mindset activity in a science museum. Both interventions seem particularly crucial to practice in contexts with high levels of stereotypes, such as Nigeria. Furthermore, they should be systematically addressed not only to girls, but also to boys, who are the holders of the highest levels of STEM-gender stereotypes and, therefore, as future fathers or managers, could hinder the STEM interests or careers of girls and women.

Based on our findings, it would also be important to design interventions to boost girls' school empowerment. To achieve this goal, schools and teachers should be committed to providing them with meaningful school environments, feelings of confidence in school work, opportunities for self-determination, and a sense of impact at school. Motivation training, aimed at making girls more confident and perceiving themselves as more able and capable to increase their performance, have proved to be effective interventions and deserve to be replicated (e.g., Moè, 2016). Another important strategy could be to provide positive role models in the use of empowerment skills (Master and Meltzoff, 2016). Teachers might represent such positive role models (they do not necessarily have to be females, just relatable and similar to the self along certain key dimensions), but also schoolmates who “are like me and manage to be influential and achieve their goals” can fulfill a similar function. Furthermore, simple activities such as assigning responsibility for leading teamwork could prove effective and easily applicable.

Intervention programs should also promote school engagement, being aware that such interventions are likely to be most effective where the value of the school is generally believed to be more socially crucial, such as in Nigeria compared to Italy. One way to achieve this goal is to strengthen the sense of belonging to the school, by proposing activities that reinforce the idea that school is a “meaningful context of life.” In this line, the redefinition of academic programs toward topics close to students' experiences, the offer of extracurricular activities of interest to them (concerning, for example, sports and music), the support of significant peer tutors, and motivational programs could be important.

It should be noted that all the interventions previously outlined involve the school microsystem of girls and boys. However, our study suggests that other factors related to the socioeconomic and cultural development of home nations and families also potentially play a role in the formation of STEM-gender stereotypes. At this level, economic and social policy interventions are desirable in the direction of providing more girls and boys with opportunities for knowledge and experiences in STEM. Such occasions should suggest that the involvement of both genders in the STEM field is a crucial point for the wellbeing and progress of our living communities.
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School performance and cognitive competence can be conceptualized as social and relational constructs. Thus, we expect their association to vary as a function of other socially-embedded variables which have proven meaningful in the academic domain. The present study takes a critical theory approach to assess gender-related and contextual variability in the association between peer-assessed school performance and self-perceived cognitive competence. The sample consisted of 719 preadolescents (M age = 9.5 years, range = 9 to 12.5 years) living in lower- and upper-middle-class neighborhoods in Montreal, Canada and Barranquilla, Columbia. Multigroup comparisons revealed that (a) peer-assessed school competence was more strongly associated with self-perceived cognitive competence for upper-middle-class than lower-middle-class participants from Barranquilla, whereas the opposite pattern was observed with Montreal participants, and (b) that the association between communal orientation and self-perceived cognitive competence was stronger for girls than for boys across the sample, especially in the upper-middle-class school in Montreal. These findings highlight the nuanced degree of gender differences in preadolescents’ perceived academic competence and emphasize the role of SES in shaping self-perceptions.
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Gender and contextual variations in self-perceived cognitive competence

The self is a dynamic construct that is shaped by experiences across the lifespan – especially in middle-childhood and adolescence (DuBois et al., 2000; Sebastian et al., 2008). Multiple proximal and distal factors influence the development of the self, including positive and negative aspects of individual experience (e.g., success and failure in achievement-related and social tasks), as well as other features of the school and peer environments (Bukowski and Raufelder, 2018). The present cross-cultural study emphasizes the intersection between gender-related features at the level of the person and the contexts where the children are situated. The study examines the associations between variations in self-perceived cognitive competence, school performance, and aspects of gender in a sample of preadolescent girls and boys from upper- and lower-middle-class families in Montreal, Canada, and Barranquilla, Colombia. The goal of the study was to examine (a) how preadolescents’ self-perceived cognitive competence is associated with school performance and with different aspects of gender and (b) how these associations vary as a function of cross-cultural context (i.e., place) and socioeconomic status (SES).

Self-perceived competence is defined as an individual’s judgment of their own abilities, functioning, and well-being (Harter, 1996). Research on the self is typically guided by three premises (Harter, 2012); (1) that self-perceptions are only moderately associated with actual experiences, (2) that self-perceived competence can be affected by other person-related variables that can either increase or decrease a person’s negative or positive self-views, and (3) that person-level and group-level variables can moderate the association between measures of functioning and self-perceptions. We used a broad multilevel perspective in our application of these premises to the study of the effects of gender and self-perceptions on cognitive competence. Our approach is characterized by two central ideas. The first is that we recognize that gender is a complex and multifaceted construct whose features need to be studied together to obtain a fuller view of how the defining aspects of gender work in concert to affect outcomes. Second, we maintain that gender is a social construct whose defining characteristics and given meanings are likely to vary across social and cultural contexts (World Health Organization [WHO], 2017). Incorporating these points related to the self and gender into our framework present some theoretical challenges, which are addressed in the following sections.


Gender theory

Our approach to these issues is inspired by critical theory (Bohman, 2021), and more specifically, by three fundamental claims from critical gender theory (Jule, 2014). The first claim is that simple comparisons between females and males provide only a very narrow assessment of the vast array of features and effects that constitute gender. In this study, we go beyond a simple binary comparison by including measures fashioned after the femininity and masculinity measures of the Bem Sex Role Inventory (BSRI) in order to capture gender-role traits that covary with cisgender measures of masculinity and femininity (Bem and Lewis, 1975). A second claim of critical gender theory is that to understand the dynamics of gender, one needs to assess how the facets of gender interface with actual experiences and social institutions.

In this study, we assessed how gender-related traits are associated with school performance. Instead of seeing school performance solely as a form of individual achievement, we also conceptualize it as a relational or participatory experience which may benefit from one’s capacity to connect with the shared goals of the institutional environment. We see the gendered dimension of communal orientation as a trait that promotes effective functioning in academic tasks. We examined these factors by assessing how aspects of gender were related directly to self-perceived cognitive competence and how they moderated the association between school performance and self-perceived cognitive competence. The third claim is that gender is a social construct whose features and meanings vary across contexts. We assessed contextual variance by examining the effects of two broad contextual factors: the socioeconomic status of the children’s school/neighborhood and place (i.e., whether participants were from Montreal. Canada, or Barranquilla, Colombia). We chose to study preadolescents from two cultural contexts that were likely to differ in their normative social relationship to gender and its multiple facets, as well as display differences in the gendered experiences they present to children in their respective settings when comparing lower- and upper-middle-class school environments. This decision is based on prior findings with classroom samples that support variance in gender identity as a function of SES (Bukowski et al., 2019, 2021). Our assessment of contextual factors focused on between-group differences in the degree to which associations between measures of gender (i.e., cisgender and gender roles) were associated with measures of self-perceived cognitive competence, and assessed whether gender moderated the association between school performance and self-perceived cognitive competence.



Self-perceived cognitive competence in an academic setting

Self-perceptions of academic competence are an understudied domain of research in relation to the self-concept. They are important because they affect subsequent goals in school tasks (Bong and Skaalvik, 2003; O’Mara et al., 2006). Children who endorse positive views of their cognitive competence have been shown to make more efforts to perform academically (Guay et al., 2003). Research also supports that academic attainment influences children’s self-concept during a developmental period where academic self-perceptions are sensitive to experiences of success and failure (Skaalvik and Valås, 1999). As such, a bi-directional model (Marsh and Martin, 2011; Brunner et al., 2013) offers a more complete understanding of the reciprocal contributions between academic self-perceptions and performance.

There is a historical trend of gender differences in school performance throughout elementary school and into adolescence (e.g., Brophy, 1985; Alexander et al., 1997; Dwyer and Johnson, 1997; Neuburger et al., 2012; Kingdon et al., 2017). Current evidence shows that the difference between girls and boys is relatively small (Voyer and Voyer, 2014) except perhaps in academic subjects that rely heavily on language skills (Reilly et al. (2019). There is some long-standing evidence that girls perceive themselves more positively in stereotypically feminine areas (i.e., reading and writing), but judge themselves more harshly on stereotypically masculine subjects (i.e., math and science) (Ruble et al., 1993). Moreover, girls evaluate themselves more negatively on measures of general self-worth (Kling et al., 1999) and report higher levels of school-related worry compared to boys (Silverman et al., 1995).

Explanations for this discrepancy may, in part, centre on differences on how boys and girls develop a sense of cognitive competence. Generally, researchers highlight that boys show higher scores on measures of self-worth compared to girls (e.g., Chubb et al., 1997; Quatman and Watson, 2001; Birndorf et al., 2005). This may be reflective of how boys and girls approach academics and manage evaluative feedback. That is, girls may regard these situations as opportunities to learn about their abilities and thus, may be more likely to internalize feedback (Roberts, 1991). These tendencies may motivate girls to do well, and also lead them correspondingly to experience more distress when they encounter failure or difficult feedback. Boys, conversely, are more competitive and may approach academics with more self-confidence and deny the evaluative feedback that is provided (Roberts, 1991). A self-confident approach may buffer the effects of failure or poor performance because it may lead boys to view feedback as less informative. This model signals potential variation in how children perceive their cognitive competence and perform in school based on the extent to which they ascribe to masculine and feminine traits.

Therefore, one can speculate that the processes of academic achievement can be conceptualized in relation to forms of functioning that are differentially associated with feminine and masculine gender roles. The items assigned to the feminine and masculine scale of the Bem Sex Role Inventory can be conceived of as fitting the well-established dimensions of communion and agency that are known to be gendered aspects of functioning (Abele and Wojciszke, 2007; Abele et al., 2016). Whereas the personal features of instrumentality and assertiveness associated with the masculine gender role (Bem, 1974) support a view of academic competence as a form of individual achievement that results from personal action, the personal feature of communion associated with the feminine gender role may support a view of competent school functioning as a collective activity that requires a commitment to group processes, which derive from group-sanctioned forms of knowledge. Hence, one could expect communion to promote self-perceived academic competence to the degree that functioning in school rests on participation in communal activities. According to this perspective, adhering to gender roles and perceiving oneself as cognitively competent may be overlapping forms of self-perception. As a result, boys who see themselves as being assertive and instrumentally competent may also see themselves as academically competent, as this form of competence is an expression of their personal assertiveness and instrumental skills. Similarly, girls who see themselves as communal may also see themselves as academically competent as this form of competence is an expression of their capacity to function in a domain that requires communal skills. This perspective is supported by evidence that adolescents perceive schools to be more feminine than masculine (Heyder and Kessels, 2013). Based on this reasoning, one can hypothesize that (a) gender roles may be univariate correlates of measures of self-perceived cognitive competence and (b) they may function as moderators that strengthen the association between achievement and self-perceived cognitive competence. Each of these hypotheses will be examined in our analyses.



Self in context

Socioeconomic status and culture are likely to affect variations in the self-concept during preadolescence. Children are situated within rich networks of influence, and thus it is unsurprising that these contexts impact their self-worth and academic achievement. Children belonging to high-SES families report higher levels of self-worth compared to those from low-SES backgrounds (Rhodes et al., 2004). However, this relationship is dependent on the importance placed on academic achievement. Campbell et al. (2002) have reported that this pattern has been observed as a result of a stronger emphasis placed on academic achievement in high-SES families.

Similarly, Santo et al. (2013) found that cognitive competence was more strongly related to self-worth in a sample of early adolescents from a low-SES background, whereas social competence was more closely linked to self-worth among children in high-SES groups. The authors posited that these patterns reflect differences in culturally-determined indicators of self-worth. For low-SES peer groups, pursuing an education may be a strong indicator of success, whereas achieving or maintaining social status may be more important for higher-SES families. Divergent patterns were also observed for adolescents from individualistic cultures relative to collectivistic cultures. More specifically, the association between perceived cognitive competence and self-worth was weaker for those from a collectivistic society compared to those from an individualistic one. Cognitive competence may be more closely aligned with individualistic values and thus regarded as less important to collectivistic groups (Santo et al., 2013). There is no doubt that differences in how early adolescents perceive their cognitive competence and general worth are complex and salient across cultural groups.



The current study

Broadly, the focus of the present study was to examine contextual variations in how young adolescents’ self-perceived cognitive competence is associated with their academic achievement. Here, gender is the primary contextual variable of interest, in that the current research builds on historical trends of gender differences in scholastic performance and provides objective indices of how they relate to cognitive competence. We conceptualize gender as a multidimensional construct. The current research examined the extent to which self-assessed cognitive competence and peer-assessed academic performance varies as a function of both masculine and feminine features of gender. It was hypothesized that children who identify more strongly with feminine features will demonstrate a stronger association between perceived cognitive competence and academic achievement.

Moreover, in light of research emphasizing the importance and complexity of the cultural context, we aimed to examine how this relationship changes across interactions of SES and cultural groups. We proposed that for children who identify with feminine traits, the relationship between their self-perceptions of cognitive competence and academic achievement will be strongest in the low-SES individualistic group. Second, we hypothesize a significant association between cognitive competence and academic achievement for children who reported more feminine traits in the low-SES collectivistic group.




Methods


Participants

The sample consisted of 719 (M age = 10.70 years, SD = 1.20) fourth-, fifth- and sixth-grade girls (N = 380) and boys (N = 339) in mixed-sex schools located in lower-middle- and upper-middle-class neighborhoods in Montreal, Canada (N = 302) and Barranquilla, Colombia (N = 417). The proportion of boys and girls, and of upper- and lower-middle-class participants, was roughly the same in each country. Socioeconomic status was operationally defined with different criteria for the two places. In Colombia, this designation was based on an index of neighborhood SES known as estrato that is assigned by the Colombian government based on the quality of housing and services in the neighborhood (Rueda-García, 2003). Scores range from 1 to 6, with higher scores indicating greater affluence. The mean estrato score for the children from lower-middle-SES schools was 2.52, (SD = 0.70) indicating that the participants at the low-SES schools were indeed within the lower socioeconomic strata. Although individual estrato ratings were not obtained from the high-SES school sampled in Barranquilla, school officials indicated that children who attended this school typically fell into the highest estrato category (6). The data were collected in 2002.

SES for the Montreal children was based on the average family income of children in their school. Parents completed a questionnaire in which they selected the income level (from 10 choices ranging from below $15,000 to over $95,000) that was closest to that of each adult member of the household in the last year. A total income score was calculated by adding the income of each family member. There were large between-school differences: one school had a mean family income of $36,027 CND, a second school had a mean of $68,400 and the third school had a mean of $79,194. The first school was designated as lower-middle class and the second two schools as upper-middle class. Based on information from the 2001 Canadian census (the census conducted closest to the time of the data collection), the mean family income of participants from the first school was considerably lower than the provincial average of $59,296, whereas the mean family income of participants in the latter two schools was above the provincial average (Statistics Canada, 2002). In the Barranquilla part of the sample, there were 149 participants from the two schools in lower- middle-class neighborhoods and 268 participants from the one school whose students came from upper-middle-class neighborhoods. In the Montréal part of the sample, there were 149 participants from the one school in a lower- middle-class neighborhoods and 268 participants from the two schools in upper-middle-class neighborhoods.



Procedure

A multi-stage recruitment process was used in each city. In Montreal, permission was first obtained from the relevant school board, and then from school principals. Active consent was required from parents of potential participants. In Barranquilla, the parents of the potential participants were informed by the school principal of the purposes and procedures of the study. They were also informed that participation in the study was voluntary. Parents could ask for their child not to be included in the study. In this region of Colombia, school principals often act in loco parentis. Their rights as participants were explained to them prior to the beginning of the data collection. Each participating child provided assent to be in the study. Using these recruitment procedures, a participation rate of over 85% was obtained in Montreal and of over 90% in Barranquilla.

The children completed a questionnaire at their desks in their classrooms in a group administration. The Colombian participants completed a version of the questionnaire that had been translated into Spanish by translators working in the areas of education and psychology. This adaptation was also backtranslated into English by a separate group of translators to ensure that the meaning of items was retained in the process.



Measures

The participants completed three measures: (a) a peer assessment measure of school performance, (b) an altered version of Harter’s (1982) Perceived Competence Scale for Children, and (c) an abbreviated version of the Bem Sex Role Inventory Bem (1974). The participants completed these inventories via a paper-and-pencil format at their desks in class. At least three members of the project team were in each classroom to make sure the participants understood the instructions and to answer any questions about how to complete the measures.



Peer assessment measure

Peer assessment procedures are used to assess how children are perceived by their peers. These procedures are known to provide valid and reliable measures of children’s competence and effective functioning (Bukowski et al., 2012). In a peer assessment procedure, participants are shown a list of items that describe forms of functioning and are asked to indicate which of their participating classmates fit each description. In this study, two items were used to assess school performance. They were “Someone who is smart and does well in school” (“Es intelligente y tiene un buen rendimiento academico en le escuela”) and “Someone who always knows the right answers in school” (“Siempre sabe la respuesta correcta en la escuela”). Two scores were calculated for each participant on each item. These values correspond to the number of times the child was nominated for the item by same- and other-gender peers. Each score for each item was adjusted for possible biases that may result from variations in group size (see Velásquez et al., 2013). Separate corrections were made for the same-gender and other-gender measures. In this study, only the same-gender measures were used. A school performance score was computed for each participant by adding the two class-size-adjusted same-gender scores together. When assessed using Cronbach’s alpha, the reliability of this aggregated score was observed to be 0.92. The use of a peer assessment measure is advantageous as it provides a common measurement procedure across the schools and contexts included in the study. Other forms of measurement, such as school grades, can be problematic due to variations in the procedures used in different schools and places. The mean and standard deviation for this measure are 1.22 and 1.88.



Bem sex role inventory

The participants rated ten words taken from Bem’s (1974) BSRI. Two of these words were “feminine” and “masculine;” the other eight words were chosen based on two criteria. First, we chose words for which there was strong empirical evidence of their alignment with the femininity and masculinity dimensions used in Bem’s (1974) initial studies. Second, the words had to be relevant to the preadolescent participants in the study. The four words were taken from the femininity scale were “Affectionate,” “Sympathetic,” “Understanding,” and “Sensitive to the Needs of Others.” This set of items was seen as representative of communal orientation. The four words taken from the masculinity dimension were “Independent,” “Athletic,” “Leader” and “Forceful.” They were interpreted as representing instrumentality/assertiveness. Using a five-point scale in which a “1” represented “Not like me at all” (“No me describe”) and a “5” equated to “Just like me” (“Me describe”), each participant rated each word according to whether it provided a true description of the self. The scores on the items for each measure were initially analyzed with a principal components factor analysis. The observed factor loadings were used to create a communal orientation score and an instrumentality/assertiveness score for each participant. To create these scores, the items were weighted by the observed factor loadings from the PCA. The internal consistency of these scales, assessed with omega, was 0.77 and 0.82 for the instrumentality/assertiveness and communal orientation scales, respectively. The mean and standard deviation for the instrumentality/assertiveness measure are 3.69 and 1.00; the mean and standard deviation for the communal orientation measure are 3.93 and 0.97.



Perceived competence scale for children

Self-perceived cognitive competence was measured using selected items from Harter’s (1982) Perceived Competence Scale for Children. A set of seven items adapted from Harter’s original scale were used to assess positive views of cognitive competence. Consistent with the rating scale concerns raised by Yeager and Krosnick (2011), the items were written to fit a simple five-point scale in which 1 meant “never true” and 5 meant “always true.” The preadolescents were instructed to read each description and indicate how well each one fit their self-view. The items were “I feel that I am very good at my school,” “I feel like I am just as smart as other kids my age,” “I like school because I do well in school,” “I am pretty slow in finishing my schoolwork,” “I often forget what I learn,” “I wish it were easier to understand what I read,” and “I have trouble figuring out the answers in school.” The last four items were reversed self-perceived competence items. As with the procedures used with the BSRI items, the scores on these items were initially analyzed with a principal components factor analysis. The observed factor loadings were used to create a self-perceived competence score for each participant. To create this score, the items were weighted by the observed factor loading from the PCA. The internal consistency of this scale, assessed with omega, was observed to be 0.76. The mean and standard deviation for this measure are 3.65 and 0.79. (The means (and standard deviations) for all the person-level variables are shown in Table 1 for the categorical combinations of cisgender, SES, and place.)


TABLE 1    Means (standard deviations) for person-level variables for groups defined by participant gender, SES, and place.
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Other variables included in the analyses were place, coded as −1 for Montreal and 1 for Barranquilla, cisgender (i.e., the gender assigned to the child at birth) coded as −1 for boys and 1 for girls, and SES coded as −1 for lower-middle-class and 1 for upper-middle-class.




Results

Analyses were conducted with Mplus (Muthén and Muthén, 2015). A two-phase procedure followed. In the first phase, person-level variables were used as predictors of the outcome measure (i.e., the measure of self-perceived cognitive competence). In the second phase, mulitigroup comparisons were performed to assess whether any of the associations observed in the first phase differed as a function of place (i.e., Barranquilla and Montreal), SES, and the intersection between place and SES.

In the first phase, eleven variables were used as predictors of the dependent variable (i.e., self-perceived cognitive competence). These predictors were used to capture the univariate and the interactive effects of the peer-assessed measure of academic performance and the three gender measures. The eleven predictors were: (a) the peer-assessed measure of school performance, (b) the participant’s cisgender, (c) the measure of instrumentality/assertiveness, (d) the measure of communal orientation, (e) the two-way interaction between the peer-assessed measure of school performance and the cisgender measure, (f) the two-way interaction between peer-assessed school performance and communal orientation, (g) the two-way interaction between peer-assessed school performance and the measure of instrumentality/assertiveness, (h) the two-way interaction between the cisgender measure and communal orientation, (i) the two-way interaction between the cisgender measure and the measure of instrumentality/assertiveness, (j) the three-way interaction between the cisgender measure, peer-assessed school performance, and communal orientation, and (k) the three-way interaction between the cisgender measure, peer-assessed school performance, and instrumentality/assertiveness. The statistically significant findings are reported in Table 2.


TABLE 2    Person-related predictors of the self-perceived cognitive competence score.
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Initial analyses revealed statistically significant coefficients for five of the predictors, specifically (a) the peer-assessed school competence measure (standardized coefficient = 0.36, standard error = 0.03 t = 10.90, p < 0.001), (b) cisgender (standardized coefficient = 0.08, standard error = 0.04 t = 2.33, p < 0.02), (c) communal orientation (standardized coefficient = 0.12, standard error = 0.04, t = 3.38, p < 0.001), (d) the two-way interaction between the peer-assessed school performance measure and cisgender (standardized coefficient = –0.10, standard error = 0.035, t = –2.87, p < 0.005), and (e) the two-way interaction between communal orientation and cisgender (standardized coefficient = 0.071, standard error = 0.039, t = 2.44, p < 0.15). A clarification of the two-way interaction between the peer-assessed school performance measure and cisgender indicated that the association between self-perceived cognitive competence and peer-assessed school performance was stronger for boys (coefficient = 0.43) than girls (coefficient = 0.27). A clarification of the two-way interaction between communal orientation and cisgender indicated that the association between self-perceived cognitive competence and communal orientation was stronger for girls (coefficient = 0.19) than for boys (coefficient = 0.04).

Multigroup comparisons, conducted with Mplus, were then performed to assess whether these associations differed (a) for the participants from the two places, (b) for the participants from the lower-middle-class and upper-middle-class schools, and (c) for the participants from the four groups defined by a combination of place and SES (i.e., lower-middle-class participants from Barranquilla, lower-middle-class participants from Montreal, upper-middle-class participants from Barranquilla, and upper-middle-class participants from Montreal). Each multigroup comparison consisted of a two-step process (see Wang and Wang, 2019). In the first step, equality constraints were used to set the coefficients for a particular association to be equal across groups (e.g., the upper-middle-class and the lower-middle-class participants). If the coefficients for these groups were equal to each other, then setting them to be equal would not affect the overall fit of the model. If the coefficients were not equal to each other, then setting them to be equal would have an adverse effect of model fit. This negative effect of model fit would be manifested in an increase in the Chi-square value. In the second step of this comparative procedure, a chi-square difference test was used to assess the statistical significance of the change in the chi-square value.

Comparisons of the coefficients observed with the participants from the two places revealed no statistically significant differences. Comparisons that assessed differences between the participants from lower-middle-class and upper-middle-class schools revealed only one statistically significant difference. Specifically, the two-way interaction between cisgender and communal orientation was observed to be weaker and statistically non-significant with the participants from the lower-middle-class schools (standardized coefficient = –0.03, standard error = 0.058, t = −0.53, p > 0.5), whereas it was statistically significant with the participants from the upper-middle-class schools (standardized coefficient = 0.13, standard error = 0.044, t = 2.88, p < 0.005). The positive coefficient observed with this two-way interaction for the participants from the upper-middle-class schools indicates that the effect of a communal orientation was stronger for girls than for boys.

Multigroup comparisons conducted with the four groups defined by a combination of place and SES revealed three between-group differences. First, the measure of peer-assessed school competence was observed to be more strongly associated with the outcome measure for the upper-middle-class participants from Barranquilla (standardized coefficient = 0.41) than for the lower-middle-class participants from Barranquilla (standardized coefficient = 0.26). The corresponding values for the upper-middle-class and lower-middle-class participants from Montreal were 0.28 and 0.36, respectively. These coefficients did not differ from each other. All of these coefficients were statistically significant. It is important to note that the differences between the upper-middle-class participants and lower-middle-class participants showed a different pattern in Montreal (lower-middle class was higher than upper-middle class) than in Barranquilla (lower-middle class was lower than upper-middle class).

A second difference was observed with the association between communal orientation and self-perceived academic competence. This association was observed to be more stronger for the lower-middle-class participants from Montreal (standardized coefficient = 0.19, standard error = 0.082, t = 2.25, p < 0.02) than for the lower-middle-class participants from Barranquilla (standardized coefficient = −0.024, standard error = 0.082, t = 0.29, p < 0.75). The corresponding values for the upper-middle-class participants from Montreal and Barranquilla were 0.07 (standard error = 0.075, t = 0.96, p > 0.3) and 0.14 (standard error = 0.055, t = 2.63, p < 0.009). Again, a different pattern of findings was observed in Montreal (lower-middle class was higher than upper-middle class) than in Barranquilla (lower-middle class was lower than upper-middle class).

The third set of differences was observed with the association between two-way interaction between cisgender and communal orientation and the measure of self-perceived academic competence. The coefficients for the association between this interaction score and the outcome were observed to be positive and statistically significant with the participants from upper-middle-class schools in Montreal (standardized coefficient = 0.14, standard error = 0.07, t = 1.98, p < 0.05) and Barranquilla (standardized coefficient = 0.12, standard error = 0.055, t = 2.15, p < 0.03) and negative and statistically non-significant with the participants from lower-middle-class schools in Montreal (standardized coefficient = –0.09, standard error = 0.082, t = −1.29, p > 0.3) and Barranquilla (standardized coefficient = –0.022, standard error = 0.082, t = –0.26, p > 0.7). Group comparisons indicated that the coefficients for the participants from the upper-middle-class school differed from the coefficient observed with the participants from the lower-middle-class schools in Montreal. The positive value of the coefficients observed with the participants from the upper-middle-class school indicates that for these participants, the association between communal orientation and the outcome measure (i.e., the measure of self-perceived cognitive competence) is stronger for girls than for boys.



Discussion

Two key findings were revealed. The first is that the measures of gender roles are associated with self-perceived cognitive competence as univariate predictors and as moderators. As importantly, our findings were varied as a function of place and SES. These findings point to the complex pattern of the factors associated with self-perceived cognitive competence and its association with specific components of gender. The findings confirm two basic features of the study’s conceptual frame. Specifically, the findings show that the associations observed with gender-related variables will vary as a function of contextual factors – especially intersection between culture and SES. The findings also show that adherence to gender roles is associated with self-perceived cognitive competence in a direct manner and as a moderator of experience. This evidence of the importance of gender role adherence was, however, observed only with the dimension of communal orientation and only in particular contexts.

A primary finding from the study is the observation that the association between peer-assessed school performance and self-perceived cognitive competence is moderated by the cisgender measure, and that this interaction is moderated by an interaction between place and SES and by the cisgender measure. Peer-assessed school competence was observed to be more strongly associated with the outcome measure for the upper-middle-class participants from Barranquilla than for the lower-middle-class participants from Barranquilla. The opposite pattern was observed with the Montreal participants; albeit to a smaller and statistically non-significant degree. The moderating effect of the cisgender measure indicated that the association between peer-assessed school performance and self-perceived cognitive competence was weaker for girls than for boys. Consistent with prior findings, self-perceptions of cognitive competence appear to be less dependent on actual experience for boys than for girls. These findings confirm our prior results, observed with a different sample, that gender differences may be stronger for upper-middle-class children in the Colombian context (Santo et al., 2013). They also provide an explanation for Van Houtte’s (2004) observation of stronger achievement levels among boys than girls.

The second important result pattern also points to a difference between girls and boys. This two-way interaction indicates that the association between communal orientation and self-perceived cognitive competence was stronger for girls than for boys. This finding provides partial support for our reasoning that the gender-role measure may overlap with the self-perceived competence measure. To a small degree, girls who see themselves as communally oriented also see themselves and being competent in cognitive tasks. This pattern was further moderated by SES and place, and was seen only among the participants from the upper-middle-class school in Montreal. Hence, this shows that the effect of gender varies as a function of culture and SES. In this way, these findings provide partial support for our speculation that gender roles are intertwined with perceptions of cognitive competence. This evidence was, however, limited in two ways. First, it was observed only with the measure communal orientation. Second the effect of communal orientation was observed only for girls from upper-middle-class neighborhoods in the two places. These findings reveal a high level of specificity in gender-related findings. Together, these findings emphasize the importance of gender in models of self-perceived academic competence.

Our analyses revealed three statistically significant univariate findings and two statistically significant two-way findings at the level of the person. Positive associations were observed between self-perceived cognitive competence and (a) peer-assessed school performance, (b) the cisgender measure (i.e., girls showed stronger judgments of their cognitive abilities than boys) and (c) communal orientation. Additionally, statistical analyses involving two-way interactions across these measures (i.e., cisgender and school performance; cisgender and communal orientation) revealed that academic achievement was more predictive of boys’ self-judgments of their cognitive competence as compared to girls, whereas communal orientation was more predictive of self-perceived cognitive competence for girls.

The group comparisons show that the meaning of gender around scholastic achievement and self-assessed cognitive competence is contextually dependent, particularly across SES groups. That is, a two-way interaction between cisgender and communal orientation was predictive of cognitive competence among children attending upper-middle-class schools, but not lower-middle-class schools. Notably, this effect appeared stronger for girls relative to boys. Between-group comparisons further highlighted the complexities of contextual variations, in that communal orientation was related to self-assessed cognitive competence in lower-middle-class schools in Montreal, but not Barranquilla. Additionally, the interaction between cisgender and communal orientation was predictive of the outcome in upper-middle class schools in both Montreal and Barranquilla. Analyses also revealed that this effect was stronger for girls than it was for boys. Perhaps the most important finding from the study is the observation that the self-perceptions of cognitive competence among girls and boys from lower SES neighborhoods in Barranquilla appear to be unaffected gender roles. This finding is important as it supports the basic premise of the study that the significance of gender varies across cultural contexts. Although an exact interpretation of this pattern of findings is elusive, at the very least they indicate that the meaning of the measures of gender used in our analyses are different for the low SES participants from Barranquilla. It may be that the concepts themselves (i.e., a communal orientation and assertiveness/instrumentality) are not as “gendered” for the low SES participants from Barranquilla. A further exploration of these findings may benefit from an assessment of how these measures are associated with gender-related constructs such as gender typicality and felt pressure to conform (see Egan and Perry, 2001) to conform and whether these associations vary as a function of SES and culture. Together, these findings indicate that the SES composition of classrooms across geographic location shape the gender norms around academic achievement and cognitive competence.

Researchers have already suggested that hegemonic gender norms are evoked and sanctioned depending on the social context in which they occur (Ridgeway and Correll, 2004; Morris, 2011; Hsin, 2018). The school context is therefore a major channel for how these gender norms are expressed and actualized in young adolescents’ achievement outcomes (Hsin, 2018). Ethnographic studies demonstrate that divergent achievement patterns for boys and girls evolve from cultures of masculinity that minimize the importance of boys performing well academically (e.g., United Kingdom: Mac an Ghaill, 1994; Australia: Martino, 1999; United States: Pascoe, 2007). Certain academic disciplines and study behaviors are regarded as “feminine,” which has been shown to negatively affect boys’ motivation toward school (Pajares and Valiante, 2001; Bhanot and Jovanovic, 2005). In fact, traits linked to femininity as well as those that are consistent with studious attitudes (e.g., being tidy, cooperative and passive) may even be advantageous for girls (Jones and Myhill, 2004; Beaman et al., 2006). Our findings support this view. Other research has shown that boys’ peer groups in secondary school have tendencies to engage in less studious behaviors compared with girls, which notably accounts for the lower academic performance observed in boys (Van Houtte, 2004). Our findings fit well within this body of work. They highlight that the extent to which young adolescents, particularly girls, who identify with features of communal orientation also hold self-perceptions of their cognitive competence. A communal orientation may be largely consistent with the studious behaviors that have been identified in previous studies.

Furthermore, research has supported that gender differences in academics are strongly impacted by the SES composition of schools (Legewie and DiPrete, 2014). Legewie and DiPrete (2014) reported that high-SES classrooms promote girls’ academic achievement because they are not gendered as “feminine” in terms of interests and pursuits. Interestingly, they also encourage boys’ educational outcomes by influencing their choice in the science, technology, engineering and mathematics (STEM) fields. Qualitative studies further demonstrate how hegemonic gender expectations are promoted through school environments—particularly by emphasizing engagement in sports culture over academics for boys (Morris, 2008). Participating in sports reflects an expression of hegemonic masculinity by demonstrating toughness and physical strength (Morris, 2008). Taken together, schools with a high-SES compositions do not regard academic achievement as a feminine pursuit, but more subtly enforce gendered behavior and interests for boys through the promotion of STEM trajectories and sports engagement.

The present set of findings are also consistent with this view but may reflect differences in the extent to which gender expectations in academic achievement are actualized across the developmental trajectory. We observed that the gender differences on self-competence were strongest in upper-middle-class schools in Montreal and Barranquilla. This may signal to more salient gender norms around academics for girls in upper-middle-class SES compositions. Similarly, it is also possible that there is less emphasis on STEM trajectories and sports engagement for boys in early adolescence, and thus less opportunity to shape self-perceived cognitive competence. Research in the field of self-efficacy (i.e., individuals’ judgments around their ability to engage in behaviors that are required to achieve a desired objective) demonstrate gender differences emerging in early adolescence which increase over development (Huang, 2013). As such, we would expect divergent patterns to emerge as boys become exposed to more specific pressures for gender conformity as they progress in the school system and make choices about their future vocation. Specific academic courses were found to be important moderators of self-efficacy, in that previous work identified boys as having higher self-efficacy scores in mathematics and computer sciences, whereas girls showed elevations in language arts and small advantages on general academic self-efficacy (Van Houtte, 2004). Therefore, it would be of benefit for researchers to use statistical network analyses to examine how features of gender and cognitive competence vary as a function of academic courses, in addition to SES school composition and place variables.

Some limitations should be noted. First, the use of a cross-sectional design prevented causal interpretations. Follow-up studies using longitudinal designs are needed. Second, although multiple measure of gender were used, one can imagine that including more measures of gender identity would add diversity to the findings. Third, the data were collected 20 years ago. Given that some aspects of gender identity may have changed in the intervening years (Donnelly and Twenge, 2017), a replication study using more recent data is needed. Fourth, the study relies to a great extent on self-report measures. Aspects of gender and the dimensions of the self-concept are typically with self-report procedures. The use of peer reports might add to the currently available measures of gender. Fifth, SES is a multilevel concept (Bukowski et al., 2020). Although it is often measured as a feature of an individual or a family, SES was used here ad a measure of the school context. A more complex approach to SES that included measure at the level of the group and the individual would expand our understanding of how SES intersects with gender and self perceptions of competence. Sixth, a richer conceptualization of gender is needed to understand the degree to which gender identity should be conceived of as a trait or as a conscious form of self-perception related to one’s gender.

In conclusion, the present set of findings builds upon existing research to provide further insight into gender-related variations in self and academic achievement in early adolescence and across socio-geographical contexts. Our work highlights the specificity of gender differences in self-perceived cognitive competence in upper-SES compositions in schools, and thus ascribes meaning to features of gender that are dependent on gender expectations for scholastic achievement. While this study helps explain contextual variations in how young adolescents’ self-perceptions of their cognitive competence are associated with their academic achievement, further research is required to disentangle course-specific nuances in order to reduce gender gaps and promote equality in academic achievement.
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Constant term 240026  <0.001%** 0.282
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Age group 007 0.796 <0.001
Subject profile 007 0.788 <0.001

ots: points; means «standard deviations; univariate analysis of variance, design:

constant term, sex +age group + subject profie (test size: F-value (Fishers F), effect size:
Bania partial eta-square); value of p: significance (two-sided): **#p <0.001. Effect size

according to Cohen (1988): 1faqa <0.01=no efect, 0.01-0.05=small effect,






OPS/images/fpsyg-13-829333/fpsyg-13-829333-t005.jpg
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error of B ratio for Exp (8)
Exp (B) Lower limit  Upper limit

vele
Working time [hours/week] 0002 001 047 0677 1.002 099 1.01
Effort-reward ratio -0876 013 4562 <0.0015++ 0416 032 054
Overcommitment [pts] -0143 002 4080 <0.001%+* 0867 083 091
Inabilty to recover [pts] -0.247 004 17.61 <0.001 0781 070 088
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Age [years] -0034 000 4812 <0.0015+% 0966 096 098
Constant 5.441 042 17045 <0.001%++ 230.784
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Dependent variabie: early vs. regular retirement=0~1 coded;
¥*%p<0.001, **p<0.01. Nagekerke R': male=0.251, female
overcommitment and inability to recover are correlated with

ary logistic regressions (method: enter), Exp (B) =expected 5. Cl: confidence interval, significance (two-sided):
.250. For regression analyses, the problem of collnearity must be taken into account. In the analyses,
77. Clear collinearity is accepted for r >0.90 (e.g., Tabachnick and Fidell, 2013 Harlow, 2014).
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Full-time teacher Significance

Male (n =2,680) Female (n =3,429) Valoa'olp
Test value (ettect size)
% n % n
Age groups [years] 5.1 138 145 498
25-29 399 1,069 400 1,373 215.51 <0.001 (0.382)
30-39 313 840 203 695
40-49 175 469 206 708
50-59 6.1 164 45 155
60-67 5.1 138 145 498
Subjects and subject combinations
Languages 7.9 213 227 777 398.95 <0.001 (0.529)
Social sciences 56 149 21 kal
Natural sciences 275 736 16.7 574
Languages and social sciences 238 638 25.1 859
Languages and natural sciences 37 99 80 274
Social sciences and natural sciences 86 230 7.0 241
Art, music, sports 25 6 17 60
Subject combinations with art, music, sports 205 549 16.7 573
Family obligations
Permanent partnership 86.7 2323 768 2,635 95.15 <0.001 (0.252)
Children in the household 520 1,394 214 733 699.16 <0.001 (0.719)
Care of relatives 45 120 58 198 513 0.024 (0.058)

%: frequencies in %; n: number of teachers. Chi-square test according to Pearson (test size: 7-~value, effect size:
(1988): d: <0.20=n0 effect, 0.20-0.49 =small effect, 0.50-0.79 =medium effect, and >0.80=large effect.

; p-value: significance (two-sided). Effect size according to Co
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Full-time teacher

Dimension Male (n =2,680) Female (n =3,429) F-value Valueofp  Eect sizes
(Tt
Wodoad
Teaching [nours/week, 4 45min] M2SD 225535 227135 1.42 0234 0.001
Age group 62.16 <0.001++# 0.000
Subject profie 017 0680 0.001
Teaching-related activiies [nours/week] M=SD 17366 19.427.1 96.68 <0.001%%» 0016
Age group 24.64 <0.001%%» 0004
Subject profie 140.43 <0001+ 0022
Non-teaching actvties [hours/week] M2SD 10,085 93231 2094 <0001+ 0.008
Age group 57.69 <0001%e* 0.000
Subject profie 7.98 <0.005%* 0.001
Working time [hours/week] M=SD 442286 457287 31.98 <0001+ 0.005
Age group 43.04 <0001+ 0.007
Subject profie 18.22 <0001+ 0.002
Effort [5-15 pts] M2SD 97126 95226 080 0345 0.001
Age group 1217 <0001%+* 0019
Subject profie 1.16 0345 0.001
Reward [7-35 pts] M2SD 260254 26.025.4 0.00 095 <0.001
Age group 2045 <0001+ 0.003
Subject profle 822 0,004+ 0.004
Effort-reward ratio (ER ratio) M2SD 0932042 0922043 .19 0665 <0.001
Age group 62.92 <0001%* 0009
Subject profle 712 0.008% 0.001
Evaluation of ER ratio
ERratio< % () 64.3(1,724) 66.1(2.266) 208 0.158 0037
ERratio> 1 % () 357 (956) 339(1,169)

ots: points; M SD: mean «standard deviation; 96 (n): frequency in %, n: number of teachers. Chi-square test according to Pearson test size: /-value, effect size: d); univariate.
analyses of variance, design: constant term, sex-+age group +subject profile (test size: F-value, effect size: 1iuria Partial eta-square); value of p: significance (two-sided):
**%p<0.001, **p<0.01. Effect size according to Cohen (1988); Hieria <0.01=n0 effect, d: <0.20=no effect. There are no age and subjict profil effects for the effort-reward
subscales (1t <0.010). Corrected R-squared: teaching =0.009, teaching-related activities =0.044, non-teaching activities =0.015, working time=0.015, effort=0.015,
reward =0.005, and effort-reward ratio =0.010.






OPS/images/fpsyg-13-829333/fpsyg-13-829333-t003.jpg
Effect sizes

Personal characteristics Dimension Male (n=2,680) Female (n=3,429)  F-value Value of p pe
oo

Overcommitment (OC) (6-24 pts] M SD 16835 181233 20751 <0.001%#% 0033
Age group 414 0.042 % 0.001
Subject profile 10.26 0.001#+* 0002

Inabiity to recover (IR) (624 pts] M SD 16536 177234 186.32 <0.001%++ 0030
Age group 373 0053 0001
Subject profile 911 0,003 0001

ots: points; M SD: mean +stendard deviation; univariate analyses of variance, design: constant term +ex +age group-+ ubject profile; test size: F-value, value of p: significance
(two-sided): ***p<0.001, **p<0.01, and *p<0.05. Effect size according to Cohen (1988): rytar: <0.01 =no effect, 0.01-0.05=small ffect, Corrected A-squared: OC=0.037,

R=0.031.
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MBENSEX 031 304" -0.41 —100

Step 3 R% =0.13" R2 =0.04

MHOSTSEX 045 1.10 Fi g =384 —0.18 —041 Feug =112
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MBENSEX -0.50 -1.15 AR? =001 029 063 AR?2 =0.00
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'p < 0.05, "'p < 0.01, B2 = R-square; AR? = R-square changes; CAGE, Chidren’s
age; CSEX, Children's sex; MHOSTSEX, Mothers’ hostile sexism; MBENSEX, Mothers’
benevolent sexism.
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b go SE p bas SE p Ab SE p

Standardized test performance

Biology 19.29 6.41 0.002 19.98 5.80 0.001 —0.69 8.85 0.943
Mathematics 78.57 5.53 <0.001 68.44 4.76 <0.001 10.13 6.86 0.142
Physics 89.90 4.61 <0.001 90.77 5.19 <0.001 —0.86 5.62 0.872
Subject-specific self-concept

Biology -0.01 0.54 0.992 -0.19 0.42 0.650 0.18 0.68 0.783
Mathematics 4.02 0.44 <0.001 4.45 0.42 <0.001 —0.42 0.59 0.468
Physics 6.55 0.43 <0.001 7.01 0.44 <0.001 —0.46 0.62 0.467
Subject-specific interest

Biology -0.51 0.57 0.369 -0.96 0.56 0.088 0.45 0.74 0.550
Mathematics 1.94 0.53 <0.001 237 0.50 <0.001 —0.43 0.75 0.564
Physics 6.55 0.51 <0.001 5.43 0.59 <0.001 112 0.78 0.147
School-related stress

Difficulties to relax —7.42 0.71 <0.001 -8.40 0.81 <0.001 0.98 0.90 0.271
Exhaustion -5.08 0.66 <0.001 —6.09 0.49 <0.001 1.01 0.72 0.161
Overload —2.05 0.51 <0.001 -3.68 0.70 <0.001 1.63 0.69 0.017
Malaise 2.82 0.97 0.004 1.48 1.10 0.176 1.34 0.87 0.123
Alignment issues -3.29 0.67 <0.001 -4.14 0.82 <0.001 0.86 0.77 0.265
Health

Overburdening -3.63 0.70 <0.001 -4.90 0.74 <0.001 1.28 0.75 0.089
Achievement-related fear —6.17 0.69 <0.001 -7.85 0.72 <0.001 1.68 0.65 0.010
Diverse symptoms —12.36 2.66 <0.001 -13.31 2.84 <0.001 0.95 0.95 0.586
Uneasiness -2.19 2.39 0.361 —2.71 2.56 0.288 0.53 0.78 0.498
Depressive symptoms -3.39 0.66 <0.001 —4.31 0.62 <0.001 0.91 0.59 0.125
Gastrointestinal issues —3.46 0.92 <0.001 -3.86 0.93 <0.001 0.39 0.64 0.541

b g9 = Gender differences before the reform; b gg = Gender differences after the reform. Positive values indicate higher values for boys. Ab = Difference of gender
differences before (G9) minus after (G8) the reform. The metric of the latent variable was transformed to M = 500 and SD = 100 for standardized test performance and
to M =50 and SD = 10 for all other outcomes using pooled means and standard deviations. Statistically significant differences (p < 0.05) are printed in bold. Regression
coefficients (b’s) are based on group mean differences in a multiple group model. Two-sided p-values are reported. In cases where we had a directional hypothesis based
on prior literature (e.g., higher stress scores of girls), one-sided p-values should be calculated/interpreted, which can be calculated by dividing the reported two-sided
p-value by 2. Covariates that were considered for adjustment can be found in the Instrument section. For achievement, explained variance of the latent variables ranged
between 12 and 44% (M = 26%), for self-concept between 1 and 15% (M = 6%), for interest between 1 and 11% (M = 4%), for stress between 0 and 6% (M = 2%), and
for health between 0 and 13% (M = 5%). Note that when excluding course level as a covariate, results remained comparable regarding the size of estimates. In addition,
in these models all SEs in the adjusted models were smaller compared to the unadjusted models. Please be aware that when estimating results for stress and health,
we applied exploratory SEMs, which led to slightly different measurement models (i.e., differences in factor loadings), when additional variables (e.g., covariates) were
considered and this explains differences in SEs between the adjusted and unadjusted solution. Although the general loading pattern (see Supplementary Tables 3, 4)
remained similar in adjusted and unadjusted models, SEs should not be directly compared across these two solutions, because they refer to slightly different latent
variables
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M SD  Min Max SK K 3 4 5 6 7 8 9 10

1.CSEX - - - - - - 0.03 0.06 0.16* -0.01 -0.08 0.06 -0.03 0.01
2. CAGE 2287 232 20 31 0.95 0.86 -0.08 -0.17* -0.08 -0.11 0.03 0.04 0.12 0.04
3.MHOSTSEX 2,01 092 0 410  -005 -0.54 0.64* 0.33* 017" 0.28" 0.09 -0.15 —-0.18*
4. MBENSEX 232 090 0 460 -035 -0.14 0.27 0.20 0.34™ 0.18" -0.47" -0.12
5.FHOSTSEX 250 095 0.10 500 -0.12 -0.31 0.27 0.16* 023" -0.14 -0.25"
6. FBENSEX 284 08 070 4860 -038 -0.20 0.07 0.23" 0.03 0.10
7.MCONS 400 079 192 600 -027 -0.08 0.19" 0.38* -0.08
8. FCONS 416 071 215 58 -0.10 -0.16 0.04 0.48™
9. MSELFT 490 060 310 600 -048 0.06 0.18"
10. FSELFT 481 068 280 600 -043 0.04

*p < 0.05, *'p < 0.01 (2-tails); M, Mean; SD, Standard deviation; SK, Skewness; K, Kurtosis; CSEX, Children’s sex; CAGE, Children’s age; MHOSTSEX, Mothers’ hostile sexism;
MBENSEX, Mothers’ benevolent sexism; FHOSTSEX, Fathers’ hostile sexism; FBENSEX, Fathers’ benevolent sexism; MCONS, Mothers’ conservation; FCONS, Fathers’ conservation;
MSELFT, Mothers’ self-transcendence; FSELFT, Fathers’ self-transcendence.
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n = 2.405 n = 2413

Variable M SD M SD ES P

Immigration background (1 = yes) 0.23 0.42 0.22 0.41 1% 0.349
Books at home 4.72 1.24 4.73 1.25 —0.01 0.858
HISEI 58.16 16.42 58.41 15.50 —0.02 0.653
Perceptual speed 65.32 11.41 64.98 11.96 0.03 0.660
Reasoning 10.80 1.26 10.71 1.27 0.07 0.023
Class repeater (1 = yes) 0.10 0.30 0.06 0.24 4% < 0.001
Descriptive statistics were estimated using full information maximum likelihood estimation, cluster-robust standard errors, and survey weights. HISEI = highest
international socioeconomic index in the family. ES = Effect size. We used Cohen’s d (Cohen, 1988) for continuous variables, which was estimated as Mgg-Mgs

divided by the pooled SD, and differences in percentage points for dichotomous variables. Please also see Hiibner et al. (2017a) and Quis (2018) for additional tests of
potential selectivity and representativeness and comparisons of differences on covariates across different cohorts. Additional information on the estimation of the survey
weights can be found in Schonberger and ABmann (2014).
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b g9 = Gender differences before the reform; b gg = Gender differences after the reform. Positive values indicate higher values for boys. Ab = Difference of gender
differences before (G9) minus after (G8) the reform. The metric of the latent variable was transformed to M = 500 and SD = 100 for standardized test performance and
to M =50 and SD = 10 for all other outcomes using pooled means and standard deviations. Statistically significant differences (p < 0.05) are printed in bold. Regresson
coefficients (b’s) are based on group mean differences in a multiple group model. Two-sided p-values are reported. In cases where we had a directional hypothesis based
on prior literature (e.g., higher stress scores of girls), one-sided p-values should be calculated/interpreted, which can be calculated by dividing the reported two-sided

p-value by 2.
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Gender 0.53™* 0.43 -1.22"
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Gender Stereotype - -0.22" -0.23"
Pressure x Gender - - 0.04
Stereotype x Gender - - 055
Knowledge x Gender - - 017

Entries are beta coefficients. Participant Gender was coded dichotomously (0 = boy, 1 = gir).
“For the full model, F (7, 151) = 19.86, p < .001, R? = 0.48.

“For the full model, F (7, 152) = 8.34, p <.001, R® = 0.36.

" <.05 "p <.01, **p <.001.™ p <.08.
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Interest 0411 - -008 0.14 0.09 003 0.06
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Female-dominated occupations
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Numbers represent the Pearson product moment correlation coefficients between designated scales. Below the main diagonal are results for boys, above are the results for girs.
" < .05 *'p <.01 **p < .001.
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Perpetrated CDA-control
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Suffered CDA-control
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R2 = 0.09, p = 0.000
Cohen’s f2 = 0.10

R2 = 0.07, p = 0.005
Cohen’s f2 = 0.08

R2 = 0.06. p = 0.017
Cohen’s f2 = 0.06

R2 = 0.06, p = 0.016
Cohen’s f2 = 0.06

B SE [} 95% Cl B SE B 95% ClI B SE B 95% Cl B SE [} 95% ClI
M Authoritative PS —0.01 0.04 -0.02 [-0.08; 0.09] 0.01 0.02 0.04 [-0.02; 0.09] 0.01 0.04 0.03 [-0.07; 0.10] 0.00  0.03 0.01 [-0.05; 0.09]
M Authoritarian PS 0.09  0.05 0.14 [0.01; 0.18] 0.02  0.02 0.07 [-0.02; 0.07] 0.11 0.05 0.17 [0.01; 0.28] 0.03 0.03 0.09 [-0.02; 0.09]
M Permissive PS —0.01 0.07  —0.01 [-0.14;0.13] 0.06  0.03 0.13 [0.01; 0.14] 0.16  0.07 0.15 [0.01; 0.36] 0.05 0.04 0.11 [-0.01;0.13]
F Authoritative PS 003 003 -0.01 [-0.0; 3.09] 0.01 0.02 0.05 [-0.01; 0.04] —-0.02 0.04 -0.06 [-0.10; 0.06] 0.00 002 -0.01 [-0.04; 0.04]
F Authoritarian PS —-0.02  0.04 0.06 [-0.10; 0.07] 0.00 002 -0.01 [-0.04; 0.04] -003 0.04 -0.05 [-0.14; 0.08] 0.01 0.02 0.04 [-0.04; 0.09]
F Permissive PS 0.09 007 -0.08 [-0.05; 0.24] 0.00 003 -0.01 [-0.06; 0.06] -003 007 -0.08 [-0.17;0.10] 0.01 0.04 0.02 [-0.06; 0.08]
IPV perpetrated by M 0.09 0.06 0.09 [-0.06; 0.24] 0.08  0.03 0.18 [0.02; 0.18] -005 006 -0.05 [-0.17; 0.08] 0.04 0.03 0.10 [-0.01; 0.11]
IPV perpetrated by F 0.07  0.05 0.10 [-0.06; 0.21] 0.01 0.02 0.03 [-0.07; 0.10] 0.04  0.05 0.05 [-0.08; 0.17] 0.00 003 -0.01 [-0.06; 0.06]
Networks use 0.08  0.03 0.14 [0.03; 0.14] 0.01 0.02 0.03 [-0.02; 0.04] 0.05 0.05 0.08 [-0.01; 0.11] 0.00 0.02 0.05 [-0.02; 0.09]

M, mother; F, father; PS, parenting style; IPV, intimate partner violence; CDA, cyber dating abuse.
Significant results are typed in bold.
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Total Boys Girls

N Min Max M SD N Min Max M SD N Min Max M SD
NAmM 160 0.67 4.00 2.27 0.76 80 0.67 3.67 2.27 0.75 80 0.67 4.00 227 0.78
NA f 160 0.17 3.83 2.18 0.74 80 0.17 3.83 2.09 0.74 80 0.67 3.67 227 0.73
GSm 156 0.00 3.33 1.47 0.76 78 0.00 3.00 1.41 0.73 78 0.00 3.33 1.54 0.78
GS f 159 0.00 3.33 1.36 0.87 79 0.00 2.33 1.28 0.84 80 0.00 3.33 1.49 0.89
SEm 159 0.00 4.00 2.83 0.99 80 0.00 4.00 2.84 0.94 79 0.00 4.00 2.81 1.06
SEf 160 0.20 4.00 3.13 0.85 80 0.20 4.00 3.05 0.86 80 0.60 4.00 3.20 0.85
IOMA m 167 1.00 4.00 2.94 0.66 79 1.33 4.00 2.84 0.66 78 1.00 4.00 3.03 0.66
IOMA f 159 0.33 4.00 2.81 0.74 79 0.33 4.00 2.70 0.78 80 0.67 4.00 2.91 0.68

N, sample size; Min, minimum; Max, maximum; M, mean; SD, standard deviation; NA, numeracy activities; GS, gender stereotypes, SE, self-efficacy; IOMA, importance
of mathematical activities at home; m, mothers; f, fathers.
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Empathizing-systemizing (ES): » = 0.88; asymptotic w = 0.90 Agreement Response Misconception Item-total

rates certainty score? correla-
(min. =0, (min. =0, (min. = —4, tion
max. = 1) max. = 4) max. = +4) (min. =0,
max. = 1)
ES1: As girls think rather empathically and boys think rather systematically, boys 0.32 2.50(0.94) —1.30 (2.33) 0.57
are on average more talented in math than girls
ES2: Mathematical relationships are usually easier to understand for boys than 0.39 2:31(0.92) —0.65 (2.40) 0.74
girls, because boys think in more systematic contexts
ES3: As boy, more likely think in systematic categories, they fulfill more cognitive 0.39 2.22 (1.00) —0.73 (2.33) 0.75
prerequisites for math than girls do
ES4: Female empathy makes it easier for girls to deal with people, while boys 0.49 2.50(0.97) —0.28 (2.67) 0.77
are usually more gifted in systematic thinking and thus in math
ES5: On average, girls think more empathically than boys do, while boys are 0.44 2.34 (0.99) —0.53 (2.49) 0.81
more talented in systematic thinking and thus also in math
Girls’ compensation (GC): o = 0.76; asymptotic o = 0.91
GC1: Mathematical content often comes easily to boys, while girls on average 0.14 2.76 (0.86) —2.16 (1.93) 0.58
have to make more effort
GC2: Girls normally have to work harder to perform as well in math as boys 0.23 2.63(0.83) —1.60 (2.25) 0.61
GC3: Girls compensate for their usually less aptitude in math compared to boys 0.48 2.36 (0.91) —0.19 (2.52) 0.46
by being more diligent
GC4: Girls usually need additional help to perform on par with boys in math 0.14 2.61(0.98) —1.96 (1.98) 0.54
GC5: To achieve equally good grades in math, boys have to make less effort 017 2.67 (0.98) —1.97 (2.05) 0.71
because they are more talented than girls are
Girls’ non-compensability (GN): » = 0.72; asymptotic w = 0.68
GNA1: Since girls are on average less mathematically gifted, they should be 0.05 3.34 (0.87) —3.10 (1.53) 0.56
assessed with different criteria than boys
GN2: Girls should be rewarded with good grades for their stronger efforts in 0.08 3.08 (0.98) —2.74 (1.71) 0.62
math, as they are not naturally as good at math as boys
GNB: If the top of the class in math is a boy, it is because, in addition to his 0.18 2.80 (1.01) —2.08 (2.14) 0.47
effort, he possesses a natural talent in math that diligent girls often lack
GN4: Girls cannot fully compensate for their lack of aptitude for math with their 0.14 2.72(0.89) —2.11 (1.93) 0.45
on average greater diligence
GNB: Despite their on average stronger effort, girls are normally less proficient in 0.21 2.56(0.97) —1.67 (2.17) 0.43

math than boys

All items: o = 0.82; asymptotic w = 0.69

Agreement rates represent the proportion of participants agreeing statement. Descriptive values for response certainty and misconception scores represent means and
standard deviations (in parentheses).
aCalculated by converting agreement into +1 and disagreement into —1, then multiplied with response certainty.
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Random intercept across classrooms. School’s fixed effects. Parameter estimates with robust standard errors in parenthesis. Models estimated by maximum likelihood
and robust standard errors. School dummy variables are not presented in the table. Student-level variables are group-mean centered and classroom-level variables are
grand-mean centered. *p < 0.05, *p < 0.01, **p < 0.001.
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Fixed part

Student covariates
Achievement

Female

Student GSB

Peer covariates

Mean achievement

Male peer GSB

Female peer GSB
Relative female/male achievement
Teacher covariates
Teacher GSB

Cross-level interactions
Female*student GSB
Female*female peer GSB
Female*male peer GSB
Female*teacher GSB
Female*relative Female/male achievement
Intercept

Random part
Var(classroom)
Var(student)

Var(female)

ICC

2L

AIC/BIC

Student controls

Peer controls

Teacher controls
N(students)
N(classrooms)

(1

0.391"*(0.032)
0.101 (0.062)

0.0482 (0.147)

0.079 (0.031)
0.764 (0.035)
0.058 (0.036)
0.004
-1446 1
2908.2/2948.2
No
No
No
1,097
73

@

0.390"* (0.031)
0.095 (0.064)

-0.0970 (0.274)

0.048 (0.028)
0.759 (0.034)
0.080 (0.048)
0.059
-1420.5
2908.9/3078.9
No
No
No
1,097
73

3

0.395™* (0.033)
0.093 (0.063)
0.003 (0.050)

0.077 (0.056)

-0.138 (0.156)

0.048 (0.031)
0.754 (0.035)
0.083 (0.043)
0.061
-1417.0
2902.1/3072.1
Yes
No
No
1,097
73

4

0.412"*(0.033)
0.095 (0.064)
0.041 (0.030)

0.117**(0.040)
-0.025 (0.051)
-0.022 (0.062)
0.042 (0.056)

0.022 (0.075)
-0.032 (0.067)

-0.038 (0.071)
-0.320 (0.284)

0.040 (0.025)
0.748 (0.033)
0.082 (0.047)
0.051
-1411.6
2913.1/3138.1
Yes
Yes
No
1,007
73

(6)

0.4177 (0.032)
0.098 (0.061)
0.041 (0.029)

0.167 (0.045)
-0.030 (0.038)
-0.037 (0.044)
0.028 (0.044)

-0.146™ (0.055)

0.133" (0.059)

-0.429 (0.290)

0.026 (0.022)
0.746 (0.033)
0.059 (0.043)

0.034
~1406.0
2908.0/3148.0
Yes
Yes
Yes
1,097
73

(6)

0.418™(0.033)
0.104 (0.061)
0.005 (0.047)

0.165™* (0.045)
-0.005 (0.053)
-0.071 (0.062)
0.034 (0.058)

-0.1563" (0.057)

0.064 (0.061)
0.067 (0.073)
-0.061 (0.068)
0.158" (0.064)
-0.017 (0.069)
-0.453 (0.291)

0.025 (0.022)
0.744 (0.033)
0.057 (0.043)

0.034
-1404.6
2913.2/3173.2
Yes
Yes
Yes
1,097
73

Random slope across classrooms. School’s fixed effects. Parameter estimates with robust standard errors in parenthesis. Models estimated by maximum likelihood
and robust standard errors. School dummy variables are not presented in the table. Student-level variables are group-mean centered and classroom-level variables are
grand-mean centered. *p < 0.05, *p < 0.01, **p < 0.001.
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Language (N students = 1097, teachers = 73) Mathematics (N students = 934, teachers = 57)

Mean SD Min Max Mean SD Min Max

Student variables

Self-concept 2.459 0.858 —0.200 3.800 2,229 1.045 —0.200 3.800
Achievement? 1.012 0.868 —2.854 4.139 0.559 1.137 —3.369 4.766
Female 0.500 0.500 0.000 1.000 0.499 0.500 0.000 1.000
Student GSB? 6.516 0.644 3.000 8.000 4.943 1622 0.000 10.000
Peer variables

GSB, male peers® 6.535 0.216 5.877 7.211 5.087 1.141 1.839 7.939
GSB, female peers? 6.526 0.247 5.714 7.1562 4.741 0.918 2.558 7.310
Difference in female/male achievement? —0.146 0.429 —1.220 0.967 0.104 0.546 —1.197 1.467
SES, father® 2.712 0.755 0.963 4.423 2757 0.758 0.963 4.423
SES, mother? 2915 0.837 0.996 4.572 2912 0.828 0.996 4.572
Teacher variables

GSB, teacher? 3.610 1.398 0.375 7.500 3.765 0.503 2.000 4.750
Female 0.740 0.442 0.000 1.000 0.614 0.491 0.000 1.000
Age 45.301 10.729 19.000 63.000 45.509 10.652 26.000 65.000
Experience 16.973 10.550 1.000 38.000 16.430 10.821 1.000 42.000
Master’s degree 0.082 0.277 0.000 1.000 0.070 0.258 0.000 1.000

GSB are measured on a scale ranging from 0 to 10, with higher values implying beliefs by the domain-specific stereotype (higher values favor boys in math and
girls in language). @Variable is standardized in the empirical analysis. ®Calculated from the standardized individual-level variable.
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Quarter Week  Range

instr.qual_difwd  Spring 2020 3 17
instr.qual_impw3  Spring 2020 3 127
Stress.w5 Spring 2020 5 17
Satisfaction. w6 Spring 2020 6 17
Mentalimpairw®  Spring 2020 9 0-40
Mentalimpairw3 ~ Winter 2020 3 0-40

Note. instr.qual_alif, instructional quality in diffcult courses; instr.qual_imp, instructional quality in important courses, stress, academic stress, satisfaction, academic satisfaction,

mentalimpair, mental health impairment (sum score), w, week.

Female Males
n Min Max 4 SD n Min Max M SsD
141 1.44 7.00 5.03 139 65 1.00 7.00 467 1.58
140 1.89 7.00 572 1.10 66 1.00 7.00 4.83 161
129 1.00 525 3.90 117 56 000 5.25 349 1.41
136 0.00 5.94 3.44 1.42 62 0.00 5.94 288 1.39
123 0.00 40.00 13.28 9.70 56 0.00 40.00 11.32 8.89
138 0.00 40.00 12.10 9.65 66 0.00 40.00 1118 9.42
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Model A.1

Model A.2

Model B.1

Model B.2

Baseline Model
Multigroup Model
Baseline Model
Multigroup Model
Baseline Model
Multigroup Model
Baseline Model
Multigroup Model

1.656
16.80
2.154
12.70
3.93
19.46
214
13.89

16

16

20

20

0.96
0.40
0.91
0.69
0.86
0.49
0.98
0.84

CFl

1.000
0.998
1.000
1.000
1.000
1.000
1.000
1.000

RMSEA

0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00

SRMR

0.01
0.04
0.01
0.04
0.04
0.04
0.01
0.04

AlC

4389.46
4340.07
4258.25
4193.69
4193.58
4166.04
4068.00
4023.83

BIC

4459.14
4465.78
4327.93
4319.40
4276.04
4317.53
4150.45
4175.33
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Instr.qual_diff.w3 Instr.qual_imp.w3 Stress.w5
Gender® -0.11 -031* -0.14*
Instr.qual_diff.w3 - 037+ -0.15"
Instr.qual_imp.w3 - 002
Stress.w5

Satisfaction.w6

Mental.impair.w9

"Note. 0 = female, 1 = male,

Satisfaction.w6

=017
043"
0,32
-0.18"

Mental.impair.w9

-0.10
-0.17+
-0.05
035+
-0.28"*

Mental.impair.w3®

-0.04
-0.19"
-0.02
0.49"
035
066"

accessed in Winter 2020, instr.qual_diff, instructional qualty in difficult courses; instr-qual_imp, instructional quality in important courses, stress, academic stress, satisfaction, academic

satisfaction, ment.imp, mental health impairment (sum score), w, week. + p < .10, *p < .05, " p < .01,

D < .001.
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Level 1
variable

Peer Measure
Cisgender

Communal
Orientation
Peer Measure by
Cisgender
Cisgender by
Communal

Orientation

Standardized coeflicients
(standard errors)

0.36 (0.03)
0.08 (0.03)
0.12 (0.04)

—0.10 (0.04)

0.07 (0.04)

t score
(P-value)

10.90 (0.001)
2.33(0.02)
3.38 (0.001)

—2.87 (0.005)

2.05 (p < 0.05)
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Group Selt-perceived cognitive
competence

Boys, Barranquilla, 3.40 (0.72)
Lower Middle Class

Girls, Barranquilla, 3.53(0.79)
Lower Middle Class

Boys, Montréal, Lower 3.75(0.91)
Middle Class

Girls, Montréal, Lower 3.96 (0.76)
Middle Class

Boys, Barranquilla, 3.62 (0.75)
Upper Middle Class

Girls, Barranquilla, 3.70 (0.79)
Upper Middle Class

Boys, Montréal, Upper 3.51(0.77)
Middle Class

Girls, Montréal, Upper 3.69 (0.78)
Middle Class

Peer-assessed school
performance

0.84 (1.41)
1.01 (1.49)
1.36 (1.69)
1.45 (1.70)
1.22 (1.99)
1.09 (1.86)
1.27 (1.72)

1.30 (1.65)

Communal
orientation

3.92 (0.88)

4.11 (0.81)

3.91 (0.84)

4.34 (0.52)

3.63 (1.18)

3.93(1.21)

3.77 (0.87)

3.96 (0.75)

Instrumentality/
Assertiveness

3.92 (0.94)
4.00 (0.84)
3.99 (0.93)
3.66 (0.72)
3.60 (1.20)
3.47 (1.04)
3.76 (1.03)

3.54(0.97)
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MANCOVA-adjusted means by gender

Male (1 =187)  Female (1 =240)  F(1,422)
School empowerment 3.96° 3.76° 921"
School engagement 384 3.82 0.06
STEM-gender stereotypes 3.05° 2.66° 17.30

A meanis significantly different (o < 0.0) from another mean within the same row if they have different superscripts (a or b). " < 0.01,

of covariance.

»

0.02
0.00
0.04

MANCOVA-adjusted means by national context

Rtalian (1 =213)  Nigerian (n =214)  F(1,422) »
3.63° 4.00° 50,66 0.1
3312 435" 8683 047
21472 3540 21088 033

'p < 0.001. MANCOVA, multivariate analysis
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1. School empowerment (scored 1-5) -0.01 -0.18" 0.21*
2. School engagement (scored 1-5) 0.12 —0.24" ~0.09
3. STEM-gender stereotypes (scored 1-5) 0.00 -020 ~0.14
4. Socio-economic status (scored 8-66) 026" 0.05 -008

Upper diagonal: correlation matrix for females (n

129). Lower diagonal: correlation matrix for males (n
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1. 2. 3. 4.

1. School empowerment (scored 1-5) 0.48" -0.14 0.18
2. School engagement (scored 1-6) 051" —0.02 0,01
3. STEM-gender stereotypes (scored 1-5) 027" 0.12 -009
a. Socio-economic status (scored 8-66) 0.18 009 -0.19

Upper diagonal: correlation matrix for females (n

11). Lower diagonal: correlation matrix for males (n

102). “p < 0.01, "'p < 0.001.
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Entire sample (N = 427)

1.
2
3.
4.

School empowerment (scored 1-5)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-5)
Socio-economic status (scored 8-66)

Meale group (n = 187)

1:
2.
3.
4.

School empowerment (scored 1-6)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-6)
Socio-economic status (scored 8-66)

Female group (n = 240)

1.
2.
3.
4.

School empowerment (scored 1-5)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-5)
Socio-economic status (scored 8-66)

Italian group (n = 213)

1.
2
3.
4.

School empowerment (scored 1-6)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-6)
Socio-econormic status (scored 8-66)

Nigerian group (n = 214)

1.
=
3.
4.

School empowerment (scored 1-5)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-5)
Socio-econormic status (scored 8-66)

Italian male group (n = 102)

1.
2
3.
4.

School empowerment (scored 1-6)
School engagement (scored 1-6)
STEM-gender stereotypes (scored 1-6)
Socio-economic status (scored 8-66)

Italian female group (1 = 111)

1.
2
3.
4.

School empowerment (scored 1-5)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-5)
Socio-economic status (scored 8-66)

Nigerian male group (n = 85)

1.
2.
a
4

School empowerment (scored 1-6)
School engagement (scored 1-5)
STEM-gender stereotypes (scored 1-6)
Socio-economic status (scored 8-66)

Nigerian female group (1 = 129)

1.

2.
3.
4.

School empowerment (scored 1-5)
School engagement (scored 1-6)
STEM-gender stereotypes (scored 1-5)
Socio-econormic status (scored 8-66)

3.85
3.84
2.83
48.42

3.93
3.80
3.00
47.55

3.79
3.86
2.70
49.11

363
331

2.16
48.74

4.07
4.36
3.50
48.11

373
3.40
2.36
48.94

354
323
1.97
48.55

447

429

3.75
45.87

4.00
4.40
334
49.59

071
126
1.19

14.29

071

1256

127
15.58

0.71
126
1.12

13.20

0.72
1.32
1.02
14.09

0.64
091

0.95
14.52

0.70
1.34
1.08
15.16

0.72
1.29
0.93
13.10

0.64
091
1.04

16.00

0.63
091

0.85
13.31

Skewness

-0.34
-0.96
0.00
-0.38

-047
-0.92
-0.12
-0.41

-0.26
-0.99
0.04
-0.27

-0.37
-0.43
0.40
—-0.41

-0.18
-1.74
-0.16
-0.35

-0.54
-0.50
0.22
-0.61

-0.23
-0.39
0.48
-0.13

-035
—1.48
-0.74
-0.18

-0.08
-1.94
021
-0.40

Kurtosis

-0.08
-0.22
-0.83
-0.92

033
-0.32
-0.95
-0.93

-0.30
-0.12
-0.69
-1.18

0.03
-1.09
-0.62
-0.80

-0.78
2.87
-0.48
-0.93

0.76
-1.11
-0.63
-0.59

-0.37
-1.04
-0.74
—1.46

—0.64
1.87
0.05

-1.15

-0.78
3.79
-0.37
-0.83
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Frequencies Proportions

Life science Physical science Life science Physical science
M (SD) M (SD) M (SD) M (SD)

Total talk 50.8 (25.5) 53.3 (36.7) N/A N/A

Overall science talk 30.8(17.8) 37.8 (24.4) 0.60 (0.13) 0.59 (0.14)
Scientific explanations or vocabulary 13.0 (10.5) 22.6 (18.1) 0.24 (0.12) 0.34 (0.14)
Science labels 5.7 (4.3 3.7 (4.4 0.12 (0.09) 0.06 (0.06)
Scientific personal connections 6.7 (6.5) 6.7 (6.2) 0.14 (0.09) 0.11 (0.08)
Scientific story inferences 0.8 (2.1) 0.3 (0.6) 0.01 (0.03) 0.004 (0.01)
Scientific-learning talk 4.5(3.8) 4.9(4.1) 0.09 (0.05) 0.08 (0.05)

N/A, not applicable.
The total talk reflects all utterances excluding reading text from the book. Proportion scores reflect the proportions of each science talk variable in relation to parents’ total
utterances (excluding reading text from book).
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Overall Explanations Labels Connections Inferences Learning

F(1,46) F,a7 F1,48) F1,48) F,47 F@,a7)
Child gender (CG) 4.70* 4.14* 0.07 0.27 0.17 8.98"*
Parent gender (PG) 1.46 1.64 0.63 0.64 2.42 0.65
Book type (BT) 0.38 63.57** 44,75 9.62** 11.92%* 214
CG x BT 5.24* 1.03 0.01 7.33* 0.29 7.16%
PG x BT 0.32 1.5 0.05 2.07 6.93* 1.28
CG x PG 0.13 0.02 0.01 1.61 0.16 8.36**
CG x PG x BT 0.33 0.43 0.03 0.33 0.04 0.18

0 < 0.05, **p < 0.01, and **p < 0.001.
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Category

Ask for reasons

Conversation

Inclusion-oriented behavior

Find alternative solution for excluded student

Other
Undifferentiated

This question was answered by 72 participants.

Example

“I would ask the students about the reason for the rejection.”
‘I would try to find out why she can’t join.”

“I would want to talk with them.,” “I would talk with them in the group and if necessary, we can have
a private conversation.”

"Appeal to students to include Julia.,”
“I would point out the behavior that excluding a person is not good.”

“I would help the student to find another group for studying.”
“For the concerned student, | would make alternative suggestions. Perhaps there is another
classmate who also cannot easily find study partners.”

Meaningful, but single statements
Meaningless statements

41

29
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Variable

Ethnicity

White

Latinx

Asian/Pacific Islander
Black

Multi/Other

Education level

High school diploma
Some college/Associate’s
College bachelors
Masters/Doctorate/Medical

Mothers

19
25

Fathers

- O N O

12
20
17
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Measure Definition Percent Kappa Evaluation!
agreement coefficient
Scientific Generic facts vocabulary and explanations about a phenomenon specifically 88 0.66 Substantial
explanations related to the scientific material (e.g., “Roots suck up water like a straw”).
Science labels The naming of a specific part of an image within the book (e.g., “Those are 95 0.65 Substantial
called pupa”).
Scientific personal Relating the scientific material of the book to a child/parent/family’s prior 95 0.72 Substantial
connections experience (e.g., “Remember when we made Play-Doh and at first it was really
liquidy but then we added more starch to make it solid?”).
Scientific story Anticipating the next step in the story (taking information not visible on the page 89 0.37 Fair
inferences of the book to then infer understanding (e.g., “There was a lot of rain, | wonder
what will happen to the pumpkin seeds”).
Scientific-learning A reference to new scientific knowledge gained or the opportunity for parent or 96 0.42 Moderate

talk

child to check in with each other about their understanding of information (e.g.,
“Did you know the sun was that hot?!”).

1Source: Landis and Koch (1977).
Story inferences occurred infrequently (refer to Table 3), which likely accounts for the relatively low intercoder agreement.





OPS/images/feduc-07-819922/feduc-07-819922-g001.jpg
Evaluation of exclusion

iy

vians s ey | R

teacher gender

gender of excluded student

O female male





OPS/images/feduc-07-819922/feduc-07-819922-g002.jpg
..... ...r......

..“h........ ..J........
,,,,, ,@,, f .

LN < o

UOIIUDAJIDIUI JO pooyI|a]

gender of excluded student

O female Emale





OPS/images/feduc-07-819922/feduc-07-819922-t001.jpg
Category

Need for information

Children’s autonomy

Empathy for the victim/Avoid psychological harm

Social norms of inclusion and cooperation

Other
Undifferentiated

Example

“Because | would like to find out why the group does not want to work with Julia.,”
“l want to find out more about the situation.”

“Extracurricular activities do not concern me.,”
“It is a private matter of the students.”

“Because | feel sad for her, it is not nice to be excluded.”
“l want to avoid mobbing.”

“Exclusion is never an option.,” “Nobody should be excluded.,” “Cooperation and cohesion are
important values.”

Meaningful, but single statements
Meaningless statements

22

23

This question was answered by 73 participants.
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Parent Beliefs

Student Motivation Student Career Aspirations

Traditional Math
Stereotypes

Student Math
Expectancies

R2=.05

Masculine Status-
Seeking

Student Math Values K. %

\"}0*

Masculine Anti-
femininity

Feminine
Emotionality &
Dependence

R?=.08 Math Career Aspirations
RZ = 50%+*

*

Arts Expectancies

Traditional Language
Stereotypes

f.)fb
~ 52*
47%*
Aspirations
Student Language R = 47%%*

R2=.10

Student Language

Arts Values

R2 = 20%*
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Masculinity beliefs

Configural

Metric

Scalar

Strict

Covariances
Femininity beliefs
Configural

Metric

Scalar

Strict
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Satorra-Bentler (SB) scaling is used for y2 difference tests comparing nested models. *p < 0.01, **p < 0.001.
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Girls Boys Overall

Range Mean SD Mean SD Total SD
Parent-reported variables
Math stereotype -5-5 0.33 0.71 0.64 0.87 0.45 0.79
Language stereotype -5-5 0.70 0.73 0.84 0.81 0.75 0.76
Masculine status-seeking 1= 2.69 1.45 3.18 1.61 2.89 1.53
Masculine antifemininity 1 =d 1.72 0.92 1.88 1.18 1dd 1.03
Feminine emotionality and dependence 1 =d 1.47 0.71 1.43 0.63 1.46 0.68
Student-reported variables
Math expectancies 1= 4.99 1.25 5.8 1.24 5.06 1.25
Math values 1-7 4.90 1.02 4.90 1.25 4.90 1.11
Language arts expectancies 17 5.30 1.07 4.26 1.14 4.90 1.20
Language arts values 1T 5.6l 0.88 4.41 1.16 5.15 1.15
Math career aspirations 1-4 2.37 0.98 2.86 1.04 2.56 1.03
Language career aspirations 1-4 2.50 0.89 1.80 0.95 228 1.03
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(8) Masc. status
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)
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)
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)
)
)
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|
11) Language career asp.
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0.64**

0.09
0.10
0.06
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—0.04
0.22**
0.20"
—0.07
0.14*

3

—0.10
—0.33**

0.53
0.39"
0.09
0.13
0.03
0.09
0.08

—0.05

4

—0.02
—0.13
0.74*

0.0g%
0.05
0.09
0.04
0.11
0.05
0.00

5

0.0
—0.07

0.28*

0.40™

0.06
0.07
—0.10
—0.00
0.04
—0.06

6

0.00
—0.17
0.04
0.01
—0.02

0.56*
0.25~
0.11
017

—0.04

7

0.06
—0.12
0.15*
0.17*
0.08
0.65*

0.20*

0.14

0.28™*
—0.15

8 9

—0.15 —0.09

0.05 0.14
—-0.12 —0.32**
—0.02 —0.19
—0.08 —0.19
—0.05 —0.11
—0.02 —-0.12

0.70"*

0.57*

—0.09 —0.16"

0.20" 0.40

10 11

0.15 —0.18

0.16 0.06
—0.03 —0.24~
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0.06 —0.07

0.29 —0.23

0.62"*  —0.30
—0.07 0.47**
—0.11 0.51*

—0.19

—0.31*

Results for girls are shown below the diagonal, and results for boys are shown above the diagonal. *p < 0.05, **p < 0.01, **p < 0.001.
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1Boys are reference category.
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0.38*
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SE
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95% CI

[0.12, 0.65]
[-0.18, —0.04]
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[-0.41, 0.25]
[-0.26, 0.33]
[-0.59, 0.04]
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[-0.05, 0.28]
[-0.21, 0.03]

[0.01,0.19]

Wald

7.93
8.49
1.03
0.50

0.22
0.47
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8.17
1.78
2512

4.49

0.005
0.004
0.310
0.482

0.641
0.828
0.087

0.004
0.182
0.146

0.034

2Fathers are reference category. This variable is a standardized composite score
including gender-typicality of work hours, gender-typicality of occupation, and

gender-typicality of task division.

3Mixed gender composition of children is the reference category.

0 < 0.05.
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Domain

. Verbal

. Logical-Mathematical
. Spatial

. Musical

1
2

3

4

5. Bodily-kinesthetic
6. Interpersonal

7. Intrapersonal

8. Naturalistic

9

. Existential/spiritual

Masc.

110.35 (1.61)
106.66 (1.98)
105.71 (1.59)
102.98 (2.12)
112.18 (1.86)
113.82 (1.53)
110.48 (1.66)
101.83 (1.50)
106.80 (1.93)

Fem.

104.51 (1.81)
98.41 (2.22)
100.34 (1.79)
95.86 (2.38)
106.22 (2.10)
112.36 (1.72)
107.58 (1.87)
100.49 (1.69)
104.23 (2.17)

Andr.

106.74 (1.51)
104.38 (1.85)
107.01 (1.49)
106.23 (1.99)
114.00 (1.75)
117.87 (1.44)
113.88 (1.56)
104.20 (1.41)
110.47 (1.81)

Undif.

104.54 (1.66)
103.23 (2.04)
101.83 (1.64)
97.40 (2.18)
103.96 (1.92)
105.83 (1.58)
106.44 (1.71)
99.12 (1.55)
100.57 (1.99)

F-ratio

2.78"
2.68*
3.70*
4.25™
6.47*
10.82"
4.09"
2.15%
4.79*

~

Planned Contrast

2.44,p=0.015,d=0.33
2.32,p=0.021,d=0.32
3.22,p=0.001,d =0.43
3.44,p=0.001,d =0.46
4.18,p <0.001, d =0.56
4.30, p <0.001, d =0.57
3.03, p = 0.003, d = 0.40
2.09,p =0.038,d=0.27
3.15,p =0.002, d = 0.42

0 < 0.05; **p < 0.01; *p < 0.001.
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Sex-role classification

Gender Masculine Feminine Androgynous Undifferentiated

Males 29 17 34 23
(28.2%) (16.5%) (33.0%) (22.3%)

Females 23 33 36 32
(18.5%) (26.6%) (29.0%) (25.8%)
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Measure 1: 2. 3. 4.

1. Gender? - —0.21* 0.16* —0.38***
2. BSRI masculinity = 0.02 0.34*
3. BSRI femininity = —0.04
4. Self-estimated 1Q =

5. Cattell IQ

6. 1Q Discrepancy

7. Rosenberg Self-Esteem

8. Academic Self-Esteem

—0.08
0.06

—0.07
0.30"*

—0.20"*
0.19*
0.04
0.44**

—0.72"*

7.

—0.20"
0.37**
0.11
0.28"*

—0.02
0.22*

8.

Q.07
0.06%*

—0.04
0.45"*
0.08
0.25"*
0.54**

v <0.05, **p < 0.01, and **p < 0.001.
a8Dummy coded variable; 0 = male, 1 = female.





OPS/images/fpsyg-13-812483/fpsyg-13-812483-t003.jpg
Variable

Step 1

Step 2

Step 3

B
Cattell 1Q 0.30
Cattell 1Q 0.26
Gender (0 = male) —0.31
Masculinity 0.28
Femininity 0.02
Cattell 1Q 0.26
Gender (0 = male) —0.29
Masculinity 0.23
Femininity 0.01

General Self-Esteem  0.13

0 < 0.05, **p < 0.01, and **p < 0.001.

4.70

4.57
—5.33
4.89
0.39

4.72
—4.95
3.80
0.11
2:19

p-value

<0.001™*

<0.001™*

<0.001™*

<0.001*
0.700

<0.001™*
<0.001"*
0.001*
0.913
0.030"

sr?

0.09

0.06
0.10
0.06
0.00

0.07
0.08
0.05
0.00
0.02

R R?

30 0.09

0.54 0.29

0.55 0.31





OPS/images/fpsyg-13-812483/fpsyg-13-812483-t004.jpg
Domain

1. Verbal

2. Logical-Mathematical
3. Spatial

4. Musical

5. Bodily-kinesthetic
6. Interpersonal

7. Intrapersonal

8. Naturalistic

9. Existential/spiritual

Male

106.45 (12.87)
108.39 (16.68)
109.80 (12.51)
102.64 (18.11)
112.57 (14.26)
112.69 (12.98)
110.61 (12.63)
104.43 (11.88)
108.72 (16.92)

Female

107.07 (11.65)
98.66 (13.43)
98.54 (11.93)
99.50 (14.72)
106.47 (14.74)
112.86 (11.72)
109.36 (12.79)
99.10 (11.06)
102.94 (12.84)

F 1,220)

0.73
18.36
40.79

0.64

7.54

0.20

0.11
10.36

6.85

p-value

0.395
<0.001*
<0.001™*

0.426

0.007*

0.654

0.742

0.001*

0.009™

—0.05
0.64
0.92
0.19
0.42

—0.01
0.09
0.46
0.39

0 < 0.05; **p < 0.01; *p < 0.001.
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