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Introduction 

The Math-Gender Stereotype 

Women are currently underrepresented in science, technology, engineering, and mathematical (STEM) fields 

(Avolio et al., 2020; Wang & Degol, 2017), especially in math-intensive STEM fields and mathematics (Kahn & 

Ginther, 2017). This female underrepresentation in mathematics and math-intensive STEM fields manifests in the 

math-gender gap. The reasons for the math-gender gap are multifactorial and complex (e.g., Avolio et al., 2020). 

These multiple factors can hardly be researched separately from one another since they interact from birth (Halpern 

et al., 2007; Wang & Degol, 2017). Nevertheless, empirical evidence for social influences on the underrepresentation 

of women in math-intensive STEM fields is abundant (e.g., Avolio et al., 2020; Wang & Degol., 2017). One such 

social factor influencing this underrepresentation is the math-gender stereotype (e.g., Cvencek et al., 2012; Eccles, 

2011; Girelli, 2023; Nosek & Smyth, 2011; Steffens & Jelenec, 2011).  

There are different definitions of stereotypes based on different theoretical assumptions about how our 

knowledge and beliefs are stored and encoded. Many definitions agree that stereotypes are generalized, socially 

shared sets of knowledge and beliefs about members of a social group and the social group’s (assumed) characteristics 

(e.g., Hilton & von Hippel, 1996; Klineberg, 1951; Vinacke, 1957). Based on this generalized knowledge and beliefs, 

stereotypes, as the cognitive component of an attitude, allow for the evaluation of social groups (Fiske, 1982). The 

goal of stereotypes is to reduce the complexity of one’s social environment, making it appear more predictable and 

controllable (e.g., Bodenhausen, 1990; Fiske, 1982; Hilton & von Hippel, 1996). According to schema theories, 

stereotypes are stored in long-term memory, clustered with all the knowledge about the social group they refer to 

(e.g., Martin & Halverson, 1981). Stereotypes are often learned and consolidated from early childhood (Hamilton & 

Sherman, 2014; Hinton, 2017). The same applies to gender stereotypes about (assumed) differences between gender 

groups (Ellemers, 2018). Most Western societies’ salient binary categorization into female and male contributes to 

developing such gender stereotypes (Ellemers, 2018; Martin & Halverson, 1981). The math-gender stereotype is a 

set of beliefs connoting mathematics as male or the mere association of the categories mathematics and male 

(Ashmore & DelBoca, 1979; Greenwald et al., 2002).  

On the one hand, stereotypes are shaped by social reality (Jussim et al., 2005). The lower representation of 

women in mathematics and math-intensive STEM fields (Kahn & Ginther, 2017; Miller et al., 2015) is reflected in 

the math-gender stereotype (Miller et al., 2015). On the other hand, stereotypes shape social reality (Eagly & Koenig, 

2021). The math-gender stereotype, therefore, predicts lower female representation in mathematics and math-

intensive STEM fields (e.g., Hand et al., 2017; Halpern et al., 2007; Nosek & Symth, 2011). This influence can occur 

via different mechanisms.  

Balanced Identity Theory (Cvencek et al., 2012; Greenwald et al., 2002) describes how implicit learning 

perpetuates the math-gender stereotype. People socialized as female identify with the category female and, due to 

common binary gender categorizations, disidentify with the category male. Thus, these girls and women also 

disidentify with mathematics because of the association of mathematics with male, hindering the association of the 

own female self with mathematics (Cvencek et al., 2012; Greenwald et al., 2002).  

The Situated Model of Achievement Related Choices (Eccles & Wigfield, 2024) focuses on the motivational 

influences of the math-gender stereotype. It proposes that the math-gender stereotype contributes to lowering female 

learners’ expectation of success and female learners’ subjective task value in mathematics (Eccles, 1994; 2011; Song 

et al., 2017). The reduction of subjective task value is most prominent for intrinsic value, meaning the subjective 

enjoyment of mathematics (Watt, 2004; Watt et al., 2012). Both an overall lowered subjective task value and a 
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lowered expectation of success influence female learners’ achievement-related choices (Eccles, 2011; Eccles & 

Wigfield, 2024). Female learners’ lowered subjective task value in mathematics, for instance, has been found to 

partially explain gender differences in STEM career attainment (Wang et al., 2015). Additionally, subjective task 

value in female learners mediates the relationship between the math-gender stereotype and female learners’ 

educational- and career choices against mathematical fields (Chow & Salmela-Aro, 2011; Eccles et al., 1999; Nagy 

et al., 2008; Song et al., 2017). In sum, the math-gender stereotype lowers female representation in mathematics (e.g., 

Eccles, 2011; Greenwald et al., 2002), which then further manifests the math-gender stereotype (e.g., Jussim et al., 

2005; Nosek & Smyth, 2011).  

This self-perpetuating nature of the math-gender stereotype also contributes to its prevalence in educational 

settings (Cvencek et al., 2011; 2012; Eccles, 2011; Eagly & Koenig, 2021). While, according to some studies (e.g., 

Passolunghi et al., 2014), the math-gender stereotype seems to have decreased in young students, other research 

suggests that already primary school children associate mathematics stronger with male than female (Cvencek et al., 

2011; Miller et al., 2015). Among adolescent students, this connotation of mathematics as male-typed is more robustly 

found across different studies (e.g., Starr et al., 2023; Starr & Simpkins, 2021; Steffens & Jelenec, 2011). This 

prevalence pattern suggests that the math-gender stereotype is acquired over time due to cumulative exposure to it in 

society, for example, by important socializers such as teachers (Eccles, 2011; Eliot, 2010; Ellemers, 2018; Gunderson 

et al., 2012).  

Like students, teachers also hold the math-gender stereotype (Gunderson et al., 2012). Teachers express their 

math-gender stereotype via more positive attitudes about male students’ mathematical performance, higher 

expectations regarding male students’ success in mathematical fields, gender-biased grading in favor of male 

students, and by overrating male students’ mathematical abilities while underrating female students’ mathematical 

abilities (e.g., Avitzour et al., 2020; Cimpian et al., 2016; Holder & Kessels, 2017; Riegle-Crumb & Humpries, 2012; 

Robinson-Cimpian et al., 2014; for a literature review, see Li, 1999). Teachers’ math-gender stereotype has been 

found to predict students’ math-gender stereotype (Keller, 2001). 

 

Teachers’ Math-Gender Stereotype-Reinforcing Behaviors 

Teachers convey their math-gender stereotype to their students via different mechanisms. According to 

learning theories, gender stereotypes can be transported via observational learning (Bandura, 1977a; 1977b) or 

operant conditioning (Mischel, 1966; Skinner, 1963; 1977). Furthermore, according to theories about information 

processing, teachers’ math-gender stereotype can impact student-teacher interactions in specific situations (e.g., 

Spencer et al., 1999). 

Theories on observational learning describe that learners learn certain behaviors by observing and imitating a 

role model’s behaviors (Bandura, 1977a). A model that is similar to the learner, for instance, because of their gender, 

increases the learners’ self-efficacy (Bandura, 1977b). Self-efficacy describes a learner’s personal beliefs about their 

capabilities in relation to the modeled behavior and, therefore, predicts the learners’ motivational and self-regulatory 

activities to potentially imitate the modeled behavior (Bandura, 1997; Pajares, 1997). A female learner observing a 

female role model might think: "If she can do it, I can do it, too." Accordingly, while still underrepresented, female 

role models in mathematics and STEM teaching benefit female learners’ self-efficacy in these areas (e.g., Dasgupta, 

2011; Young et al., 2013). The stereotypical math teacher, however, is still imagined as male (Gjøvik et al., 2023), 

and female protagonists, also functioning as potential role models, are underrepresented in math learning materials 

(Jehle et al., 2024; Kerkhoven et al., 2016; Moser & Hannover, 2014; Nandi et al., 2024).  
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Theories on operant conditioning assume that teachers, among other socializers, reinforce learners for 

behaving according to the stereotypes associated with their gender (Bian, 2022; Mischel, 1966). According to operant 

conditioning theories, a subject is more likely to exhibit a behavior if said behavior is reinforced by a positive response 

to the behavior, a reinforcement (Skinner, 1937; 1963; 1977). In one study, for example, math teachers were found 

to praise female learners more frequently for their neatness than male learners while praising male learners more 

frequently for their mathematical performance (Corpus & Lepper, 2007). Through the lens of operant conditioning, 

if the girls experience this praise as reinforcement, they will more likely focus their efforts on their neatness instead 

of their mathematical performance since they can expect further reinforcement for the first but not for the latter. Male 

learners will more likely show a contrasting pattern.  

Additionally, based on the assumption that teachers and their students hold similar stereotypes due to similar 

socialization (Martin & Halverson, 1981; Vinacke, 1957), their mutual math-gender stereotype can be activated 

automatically based on situational characteristics (Hilton & von Hippel, 1996). If a teacher activates it by making 

gender differences in mathematics obvious, for instance, via an implicit difference in praise or an explicit comment, 

such activation may lead to stereotype-conforming behavior like a self-fulfilling prophecy (Hilton & von Hippel, 

1996; Jamil et al., 2018), or a stereotype threat (Galdi et al., 2014; Spencer et al., 1999). This means that the activated 

stereotype can influence the stereotyped person’s behavior or performance in the situation. In terms of a stereotype 

threat, activation of the math-gender stereotype in a math classroom might occupy necessary cognitive resources for 

solving a math problem in present girls, contributing to their lowered math performance (Galdi et al., 2014). 

Consequences of stereotype threat may be affective and motivational (Seo & Lee, 2021; Thoman et al., 2013). 

Affectively, stereotype threat can contribute to female learners’ math anxiety (Seo & Lee, 2021), meaning their 

elevated physiological reaction when confronted with math-related tasks and a stimulus-learned fear of mathematics 

(Faust, 1992). Motivationally, female learners may adopt the perspective of having weaker mathematical abilities and 

consider themselves less likely to succeed in mathematics, which might lead to less effort due to a perceived lack of 

payoff, meaning lowered success expectancy (McFarland et al., 2003; Thoman et al., 2013). Female learners’ lowered 

success expectancy then contributes to their lowered motivation for mathematics (Eccles, 2011; Eccles & Wigfield, 

2024; Wigfield & Ecccles, 2000).  

Altogether, teachers’ math-gender stereotype and their behaviors that potentially reinforce said math-gender 

stereotype have short- and long-term interacting impacts on female learners’ lowered interest, motivation, and 

performance in mathematics, which ultimately contribute to low female representation in mathematics and math-

intensive STEM fields (Cvencek et al., 2012; Eccles, 2011; Gunderson et al., 2012; Halpern et al., 2007; Hand et al., 

2017; Kahn & Ginther, 2017; Nosek & Smyth, 2011).  

It is, therefore, important to reduce the math-gender stereotype among teachers as important socializers 

(Eccles, 2011; Gunderson et al., 2012; Wentzel, 2014). However, such a reduction of the math-gender stereotype has 

rarely been conducted successfully and sustainably (e.g., FitzGerald et al., 2019; Kollmayer et al., 2020). That might 

be, because stereotypes are not only useful, reducing our environments’ complexity (Fiske, 1982), but they are also 

consolidated knowledge and beliefs (Hilton & von Hippel, 1996; Hinton, 1971), partly reflecting social realities 

(Jussim et al., 2005). One approach that has yet only been researched scarcely is targeting and changing aspects of 

the math-gender stereotype that do not reflect social reality, but that can be ‘disproven.’ In this vein, the math-gender 

stereotype could be targeted by identifying its underlying specific incorrect conceptions that can be addressed and 

corrected (Eitel et al., 2021), meaning math-gender misconceptions. 
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Math-Gender Misconceptions 

Since the actual female underrepresentation in mathematics and math-intensive STEM careers (e.g., Kahn & 

Ginther, 2017) contributes to the math-gender stereotype (Jussim et al., 2005; Miller et al., 2015), it can be perceived 

as the ‘correct’ component within the math-gender stereotype. However, the math-gender stereotype as a set of beliefs 

and knowledge conceptions (e.g., Ashmore & DelBoca, 1979) may also contain scientifically unsupported, 

‘incorrect’ knowledge, that is, math-gender misconceptions. Misconceptions are highly plausible knowledge 

conceptions that contradict empiric evidence (Hughes et al., 2013) or established theoretical frameworks (Eitel et al., 

2021). Math-gender misconceptions may, for example, provide biologistic explanations for the math-gender gap, 

meaning explanations based on biological determinism. They, for instance, assume lower innate mathematical talent 

in girls due to lower prenatal testosterone exposure in female fetuses (Baron-Cohen, 2004). Such assumptions ignore 

the abundant evidence against innate talent differences between the genders (e.g., Kersey et al., 2019; Lachance & 

Mazzocco, 2006; Lindberg et al., 2010) and neglect the well-established and well-researched theoretical frameworks 

about the influence of the math-gender stereotype on the math-gender gap (e.g., Cvencek et al., 2012; Eccles, 2011; 

Greenwald et al., 2002). Providing such ‘simple’ biologistic explanations for the math-gender gap while it, as 

aforementioned, results from complex interactions (e.g., Avolio et al., 2020; Wang & Degol, 2017) makes math-

gender misconceptions appear highly plausible. Biologistic explanations for the math-gender gap furthermore suggest 

that the gap can and should not be narrowed since this would be ‘against human nature.’ Like this, biologistic 

explanations alleviate feelings of societal responsibility. Consequently, math-gender misconceptions contribute to the 

manifestation of the math-gender stereotype (Girelli, 2023; Rubel et al., 2024).  

Since schema theories assume that all information related to a social group, such as gender, is stored within 

the same cognitive schema (e.g., Martin & Halverson, 1981), math-gender misconceptions can be assumed to be 

stored close to the math-gender stereotype. Furthermore, theories about the nature of knowledge and learning assume 

knowledge conceptions, like math-gender misconceptions, to be specific mental elements (von Aufschnaiter & 

Rogge, 2015). Some mental elements are considered smaller than others. Those smaller elements are organized in 

networks forming part of larger elements (von Aufschnaiter & Rogge, 2015). Thus, math-gender misconceptions 

might be smaller mental elements organized in networks within the larger mental element of the math-gender 

stereotype. Stereotypes, as the cognitive component of an attitude, contain knowledge and beliefs about social groups 

(Fiske, 1982), such as math-gender misconceptions. Accordingly, misconceptions about a topic are related to negative 

attitudes about the topic they refer to (Sinatra & Seyranian, 2015), highlighting the close relationship between 

knowledge and attitudes. Targeting and potentially refuting math-gender misconceptions might, therefore, also 

influence related attitudes (Jacobson et al., 2021; Thacker et al., 2020), for example, the math-gender stereotype or 

more specific attitudes about gender equity in mathematics. These assumed relations might make math-gender 

misconceptions a good starting point for learning and potential conceptual change (Larkin, 2012).  

 

Conceptual Change Using Refutation Texts 

Conceptual change describes the process of targeting, refuting, and potentially changing a misconception (von 

Aufschnaiter & Rogge, 2015). Conceptual change is not trivial because knowledge conceptions are stored in long-

term memory and intertwined with other mental elements (von Aufschnaiter & Rogge, 2015; Vosniadou & Skopeliti, 

2014), such as knowledge conceptions (e.g., Sweller et al., 1998), attitudes, values and beliefs (e.g., Sinatra & 

Seyranian, 2015; Vosniadou & Mason, 2012).  
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In this vein, certain requirements must be met for successful conceptual change. According to Kendeou and 

O’Brien (2014) and their Knowledge Revision Components Framework (KReC), the co-activation of the targeted 

misconception and the alternative scientifically supported explanation is necessary. Furthermore, the integration of 

the supported conception in the relevant cognitive schema must occur. Lastly, Kendeou and O’Brien (2014) describe 

competing activation as vital, meaning the misconception remains within the cognitive schema and the scientifically 

supported information is activated simultaneously – iteratively stronger than the misconception, while the 

misconception is inhibited in relevant situations. Vosniadou (1994) furthermore highlights the importance of 

metacognition for successful conceptual change: An own misconception must be recognized to be able to change it. 

Similarly, Strike and Posner (1982) argue that cognitive conflict is necessary to achieve successful conceptual change. 

Dissatisfaction with a prior (mis-)conception contrasting with a new, alternative conception can spark this conflict if 

the new conception is intelligible, plausible, and helpful. Like this, Strike and Posner (1982) touch on motivational 

aspects of conceptual change since (a) dissatisfaction with a prior misconception or (b) helpfulness of the new 

conception should foster motivation by (a) decreasing the subjective task value of applying the prior, unsupported 

conception or (b) increasing the subjective task value of applying the alternative, supported conception instead (see 

also Wigfield & Eccles, 2000).  

Gregoire (2003), in her Cognitive Affective Model of Conceptual Change (CAMCC), includes motivational 

aspects more explicitly by integrating conceptual change theories with dual process theories. Gregoire argues that 

several steps are necessary for successful conceptual change. The first step is self-implication; learners must realize 

they have a misconception (Gregoire, 2003). This feeling of self-implication goes hand in hand with increased stress 

(Gregoire, 2003). If learners appraise this stress as a challenge rather than a threat, said appraisal should increase 

motivation for systematic information processing (Gregoire, 2003; see also Maheswaran & Chaiken, 1991). 

Systematic information processing, according to dual process theories, involves effortful critical thinking and the (re-

)construction of knowledge (Chaiken & Ledgerwood, 2012; Gregoire, 2003; Strack & Deutsch, 2015). Gregoire 

(2003) postulates that systematic information processing of the refutational message is necessary for conceptual 

change. If the information is processed predominantly heuristically, this hinders conceptual change (Gregoire, 2003). 

Heuristic information processing, according to dual process theories, is based on ‘cognitive shortcuts’, drawing on 

generalized or simplified prior knowledge (Chaiken & Ledgerwood, 2012). Other than heuristic information 

processing, systematic information processing must be applied intentionally (Chaiken & Ledgerwood, 2012; Strack 

& Deutsch, 2015), which makes motivation an essential prerequisite for systematic processing and conceptual change 

(Chaiken & Ledgerwood, 2012; Eagly & Chaiken, 1993; Gregoire, 2003).  

Refutation texts, as a text form and intervention, hold the potential to fulfill the aforementioned requirements 

for conceptual change. Refutation texts name a commonly held misconception, state that it is not supported by 

evidence, and subsequently provide an alternative explanation (Tippett, 2010). Naming commonly held 

misconceptions can function as a metacognitive prompt, fostering metacognition by making learners reflect if they 

hold the misconception (Vosniadou, 1994). Furthermore, it can lead to dissatisfaction with the misconception (Strike 

& Posner, 1982) by providing the opportunity to detect the threshold between one’s misconception, if prevalent, and 

the scientifically supported conception. Perceiving the potential reduction of this threshold as a challenge that can be 

mastered due to an intelligible alternative explanation can further foster motivation for systematic information 

processing, which is necessary for conceptual change (Gregoire, 2003; Strike & Posner, 1982). Naming the 

misconception followed by the scientifically supported, alternative explanation can furthermore lead to co-activation 

(Kendeou & O’Brien, 2014), which should help the integration of the scientifically supported, alternative explanation 
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within the relevant cognitive framework (Kendeou & O’Brien, 2014). The integration within the relevant cognitive 

framework should then foster competing activation in the long run, meaning the activation of the supported 

conception should become iteratively stronger while inhibiting the misconception. This process is facilitated if the 

alternative explanation is plausible, helpful, and applicable in a wide variety of contexts (Kendeou & O’Brien, 2014; 

Strike & Posner, 1982). Accordingly, compared to other text forms, such as expository texts, which explain a topic 

without considering commonly related misconceptions, refutation texts are a powerful tool for successful conceptual 

change (for meta-analyses, see Danielson et al., 2024; Tippett et al., 2010). However, most research on conceptual 

change so far has focused on children and younger learners (Tippett, 2010), and only recently, more research on other 

target groups, for example, teachers, has been introduced (e.g., Dersch et al., 2022a; Ferrero et al., 2020; see also 

Danielson, 2024), with some theoretical implications and empirical evidence pointing toward specific challenges 

regarding teachers’ conceptual change (Dersch et al., 2022a; Gregoire, 2003).  

 

Challenges for Teachers’ Conceptual Change 

Teachers’ knowledge and misconceptions about education, teaching, and learning are consolidated not only 

based on their work experience as teachers but also on their own school and university education (Gregoire, 2003), 

making such misconceptions appear highly plausible and therefore more robust to change (Strike & Posner, 1982). 

Teachers base most of their beliefs about learning and teaching on anecdotal evidence (Ferguson & Bråten, 2022; 

Menz et al., 2021), which has been found to predict their misconceptions (Menz et al., 2021). Moreover, teachers’ 

certainty of their educational knowledge and potential misconceptions about teaching and learning increases with age 

and experience, only decreasing again for senior teachers (Munthe, 2001).  

Additionally, teachers often only have limited time (Creagh et al., 2023). While student teachers’ educational 

psychology misconceptions can be targeted in refutation lectures (Menz et al., 2024), such lectures are likely 

unfeasible for in-service teachers. A potential solution for changing in-service teachers’ educational psychology 

misconceptions is online interventions (Dersch et al., 2022a).  

Online interventions, however, occur in distracting contexts requiring high self-control (Endres et al., 2025). 

They may also be affected by the screen inferiority effect (Salermon et al., 2024). This effect describes that 

information presented on a screen, like an online intervention, is not learned as well as analogous information 

(Salmeron et al., 2024) due to lower invested mental effort (Sidi et al., 2016). Since systematic information processing 

involves the active, critical evaluation of information (Chaiken & Ledgerwood, 2012; Gregoire, 2003), it requires 

active mental effort (Klepsch & Seufert, 2021). Less active mental effort due to an online intervention and, owing to 

that, less systematic information processing might lead to potentially inferior or even unsuccessful conceptual change.  

As aforementioned, self-implication can foster systematic information processing. Teachers as experienced 

practitioners with limited time may, however, not feel the necessary self-implication when confronted with 

misconceptions about teaching and learning (Creagh et al., 2023; Dersch et al., 2022a). While the potential 

metacognitive cue "Many people believe that […]. However, that is not supported by evidence." can foster systematic 

information processing (Gregoire, 2003), teachers might think "Many people hold this misconception, but not me" 

(Dersch et al., 2022a). Hence, reading refutation texts in an online intervention may not necessarily increase teachers’ 

self-implication enough to foster their conceptual change (Dersch et al., 2022a). To address these issues of time 

scarcity, potential screen inferiority effects, and insufficient self-implication, an online intervention can exploit the 

opportunities of digital media, for instance, by applying personalized feedback based on prior performance combined 

with a refutation text; personalized refutation text (Dersch et al., 2022a). 
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Personalized Refutation Text 

Personalized messages can lead to higher personal involvement and more focused, systematic information 

processing (Mayer, 2014). Personalized feedback has the potential to improve learning, especially if adapted to a 

learner’s prior performance (Narciss et al., 2014). Most research on personalized adaptive feedback focuses on 

learners’ performance in a prior knowledge test (Maier & Klotz, 2022). Regarding conceptual change, such 

personalized feedback can highlight the threshold between a learner’s individual misconception and an alternative 

correct conception (Asterhan & Dotan, 2018; Sánchez et al., 2009). Highlighting this threshold with personalized 

feedback can function as a metacognitive prompt similar to a refutation text (Vosniadou, 1994).  

On the one hand, combining personalized feedback on prior performance with an expository text might be 

sufficient for teachers’ conceptual change. Providing personalized feedback and an expository text could further be 

perceived as less prescriptive and authoritative than a standard refutation text (Zengilowski et al., 2021; 2022).  

On the other hand, personalized refutation text has the potential to combine the strengths of both personalized 

feedback and refutation text (Asterhan & Dotan, 2018; Dersch et al., 2022a). By considering a learner’s individual 

prerequisites, personalized refutation texts could still be less authoritative and prescriptive (Asterhan & Dotan, 2018; 

Zengilowski et al., 2021; 2022). Personalized feedback can make the threshold between a learner’s own misconception 

and alternative, correct conception more obvious if combined with a refutation text rather than an expository text 

because, different from personalized expository text, personalized refutation text clearly states and disproves a 

misconception. Like this, personalized refutation text can increase the learner’s experienced dissatisfaction with their 

misconception, fostering motivation for conceptual change (Strike & Posner, 1982). Providing personalized feedback 

before presenting a refutation text can also increase a learner’s self-implication (Dersch et al., 2022a). Such self-

implication can be expressed by negative affect of internal blame (Dersch et al., 2022a). The learner is aware of holding 

a misconception and feels in charge of changing it. Such internal blame can lead to more systematic information 

processing of the refutational message, which may drive conceptual change (Dersch et al., 2022a; Gregoire, 2003). 

Such increased self-implication could be especially helpful for teachers’ conceptual change. Accordingly, in a study 

with in-service teachers, standard refutation text was as effective as expository text. Only if the refutation text was 

combined with personalized feedback on teachers’ misconceptions, their conceptual change was improved. A slight 

increase in negative affect of internal blame, like guilt, mediated the effect (Dersch et al., 2022a).  

The referenced study researched the refutation of multimedia learning misconceptions. The refutation text 

paradigm has been criticized for re-using the same refutation texts and topics, making it difficult to generalize the 

refutation text effect (Zengilowski et al., 2021). This criticism applies even more to personalized refutation text. Hence, 

in this dissertation, I applied personalized refutation text to another topic: math-gender misconceptions. However, 

targeting math-gender misconceptions, especially with personalized refutation text, might pose particular challenges. 

 

Pitfalls and Potentials of Targeting Math-Gender Misconceptions 

 Potential challenges when targeting math-gender misconceptions are based on their position and function in 

long-term memory. As described above, math-gender misconceptions are likely related to the math-gender stereotype 

(Martin & Halverson, 1981). Targeting math-gender misconceptions could, therefore, activate the math-gender 

stereotype. While co-activating the refutational information and the misconception itself might benefit conceptual 

change (Kendeou & O’Brien, 2014), simultaneous activation of the broad math-gender stereotype-related knowledge 

and beliefs, as well as the mere association of mathematics and male, potentially consolidated from early childhood, 

could outweigh or overshadow the refutational information. Drawing on this math-gender stereotype-based 
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oversimplified or overgeneralized knowledge and beliefs as a ‘cognitive shortcut’ is heuristic processing 

(Bodenhausen, 1990). According to the CAMCC, such heuristic processing hinders the sufficient systematic 

processing of the refutational message necessary for conceptual change (Gregoire, 2003). 

Moreover, math-gender misconceptions combine information about mathematics and gender. This knowledge 

is likely related to learners’ self-concepts. The self-concept combines all knowledge schemata about the self (Sherman 

& Cohen, 2002). Knowledge about one’s mathematical competence, and perceived difficulty of mathematics form part 

of the academic self-concept, meaning implicit and explicit schemata about one’s academic abilities (Arens et al., 2021 

Brookover et al., 1964; Ommundsen et al., 2007). As an important social characteristic and a crucial factor for 

socialization in most societies, gender also forms part of the self-concept (Crain, 1996; Ellemers, 2018; Stockard, 

2006). Moreover, the math-gender stereotype and math-gender misconceptions may have impacted many learners’ 

academic pathways and careers, shaping their identities (e.g., Chow & Salmela-Aro, 2011; Eccles, 2011; Eccles et al., 

1999; Girelli, 2023; Nosek & Symth, 2011; Song et al., 2017; Wang & Degol, 2017; Watt et al., 2012). Targeting their 

math-gender misconceptions could hence threaten learners’ identities or self-concepts.  

If targeting a misconception threatens a learner’s self-concept or identity, this can provoke worldview backfire 

effects (Cook & Lewandowsky, 2011; Jacobson et al., 2021; Lewandowsky et al., 2020; Sherman & Cohen, 2002). 

Backfire effects hinder conceptual change or even reinforce the targeted misconception (Cook & Lewandowsky, 

2011). Worldview backfire, as one kind of backfire effect, is a learner’s defensive reaction to a threat to their identity 

or self-concept (Lewandowsky et al., 2020; Sherman & Cohen, 2002).  

Worldview backfire hindering successful conceptual can take effect via two different mechanisms. First, 

learners may react with repulse or discount the refutational information (Chinn & Brewer, 1993; Gregoire, 2003). This 

reaction leads to a lack of motivation to process the refutational information systematically, which would be necessary 

for conceptual change (Gregoire, 2003). As a consequence, learners process the refutational information heuristically, 

which is insufficient for conceptual change (Gregoire, 2003). Hence, repulse hinders conceptual change (Chinn & 

Brewer, 1993). This mechanism protects a learner’s self (Chinn & Brewer, 1993).  

The second mechanism is the disconfirmation bias (Edwards & Smith, 1996). If a disconfirmation bias occurs, 

the learners process the refutational information systematically. However, in doing so, they actively argue against the 

refutational information. Thus, the disconfirmation bias strengthens the targeted misconception (Cook & 

Lewandowsky, 2011). This mechanism defends a learner’s self (Edwards & Smith, 1996; Sherman & Cohen, 2002). 

Since both mechanisms might interact or affect only parts of a refutational message, backfire effects might lead to 

reduced conceptual change, no conceptual change, or the reinforcement of targeted misconceptions. 

The math-gender stereotype is the cognitive component of an attitude and is therefore related to its affective 

component (Fiske, 1982). Consequently, activating the math-gender stereotype by targeting math-gender 

misconceptions may also provoke an affective reaction. If a refutational message is perceived as a threat to identity, 

this likely provokes negative affect of external blame, like anger (Trevors et al., 2016). More anger is related to stronger 

backfire effects (Trevors et al., 2016). Furthermore, backfire effects may not only reinforce the misconceptions 

themselves, like the targeted math-gender misconceptions, but also the related attitudes (Jacobson et al., 2021), for 

instance, the math-gender stereotype or specific attitudes towards gender equity in mathematics. Knowledge backfire 

describes the ironic reinforcement of a misconception after an attempted refutation, whereas attitude backfire describes 

the ironic reinforcement of a related attitude (Jacobson et al., 2021).  

According to the CAMCC (Gregoire, 2003), combining personalized feedback with refutation text can enhance 

conceptual change due to increased self-implication, which causes stress. However, this is only the case if the stress is 
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appraised as a challenge rather than a threat (Gregoire, 2003). If the refutational information is inconsistent with a 

learner’s self-concept or identity, the stress caused by self-implication is likely appraised as a threat (Sherman & Cohen, 

2002). Such a threat appraisal can hinder conceptual change or trigger backfire effects (Cook & Lewandowsky, 2011; 

Gregoire, 2003). Potential worldview backfire effects due to targeting math-gender misconceptions might, therefore, 

be even stronger for personalized refutation text (Dersch et al., 2022a). In sum, aiming to refute math-gender 

misconceptions might endanger conceptual change or lead to stronger worldview backfire effects than refuting 

misconceptions on a topic less related to identity and self-concept. This might be even more so when applying 

personalized refutation texts.  

Nevertheless, addressing these math-gender misconceptions is important since they potentially contribute to 

the manifestation of the math-gender stereotype, contributing to female underrepresentation in mathematics (e.g., 

Girelli, 2023). Targeting and refuting math-gender misconceptions might change related detrimental attitudes (see also 

Jacobson et al., 2021; Thacker et al., 2020), such as the math-gender stereotype or more specific attitudes towards 

gender equity in mathematics. Therefore, while addressing math-gender misconceptions with personalized refutation 

texts holds pitfalls, it also holds potentials for female representation in mathematics. 

 

Goals of the Present Dissertation 

Math-gender misconceptions are scientifically unsupported but highly plausible ‘explanations’ contributing 

to the manifestation of the math-gender stereotype and the math-gender gap (see also Girelli, 2023). Thus, they should 

be targeted and refuted among teachers as influential socializers. To do so, it is important to know and measure them 

specifically (Eitel et al., 2021). The first goal of this dissertation was to identify math-gender misconceptions, to 

research their prevalence among teachers, and to explore their relation to the math-gender stereotype. 

Moreover, I was interested in the relationship between math-gender misconceptions and behaviors. Since 

teachers’ misconceptions about teaching and learning can influence their behaviors (e.g., McAfee & Hofmann, 2021; 

Wilen, 2004), math-gender misconceptions might too. Teachers could, informed by their math-gender misconceptions, 

reinforce the math-gender stereotype among their students through explicit statements but also through subtle, implicit 

behaviors (Bian, 1922; Beilock et al., 2010; Eccles, 2011; Gunderson et al., 2012; Mischel, 1966). Since researching a 

broad range of math-gender stereotype-reinforcing behaviors in the field is challenging, I researched teachers’ 

awareness of such behaviors. Awareness of math-gender stereotype-reinforcing behaviors can help teachers critically 

reflect on and potentially modify their own behaviors. I also investigated the relationship between math-gender 

misconceptions and math-gender stereotype-reinforcing behaviors. 

Another goal of this dissertation was to study if and how teachers’ math-gender misconceptions can be targeted 

and potentially changed by combining refutation texts with personalized feedback. In doing so, I researched how 

refutation materials can be enhanced for the target group of teachers (Gregoire, 2003). Apart from researching the 

interventions’ influence on teachers’ math-gender misconceptions (i.e., knowledge), I also researched its influence on 

teachers’ awareness of math-gender stereotype-reinforcing behaviors (i.e., application of knowledge; Duit & Treagust, 

2003) and the potential influence of conceptual change on teachers’ related attitudes, like their math-gender stereotype 

and their specific attitudes towards gender equity in mathematics (Cvencek et al., 2012; Martin & Halverson, 1981; 

Nosek & Smyth, 2011). However, since math-gender misconceptions are potentially related to teachers’ identity and 

self-concept, targeting them with a refutation instruction might trigger backfire effects (e.g., Edward & Smith, 1996; 

Jacobson et al., 2021; Sherman & Cohen, 2002). In this dissertation, I therefore also accounted for potential knowledge 

and attitude backfire effects. 
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Summaries of Studies Included in this Dissertation1 

Study 1  

Dersch, A.-S., Heyder, A., & Eitel, A. (2022b). Exploring the Nature of Teachers’ Math-Gender Stereotypes: 

The Math-Gender Misconception Questionnaire. Frontiers in Psychology, 1728. 

https://doi.org/10.3389/fpsyg.2022.820254 

Theoretical Background and Study Motivation 

In the first study of this dissertation, we created and tested a questionnaire for math-gender misconceptions. 

Based on the literature, we identified three repeatedly appearing, empirically unsupported conceptions potentially 

associated with the math-gender stereotype. All three misconceptions try to ‘explain’ gender differences in 

mathematical talent, ignoring the evidence for talent similarities rather than differences between the genders (e.g., 

Kersey et al., 2019; Lachance & Mazzocco, 2006). 

The first misconception is empathizing-systemizing. It attributes assumed math talent differences between the 

genders to higher pre-natal testosterone exposure in male fetuses (e.g., Baron-Cohen, 2004). Such testosterone 

exposure is believed to increase systematic thinking abilities and simultaneously reduce empathetic thinking abilities 

in male fetuses. Lower testosterone, in contrast, is believed to cause a contrasting pattern in female fetuses (Baron-

Cohen, 2004). This misconception, hence, proposes that empathetic and systematic thinking are dualities. However, 

both are related to general intelligence (Gottfredson, 1998; Martingano & Konrath, 2022). Furthermore, this 

misconception proposes that systematic thinking abilities, which girls are assumed to lack, predict mathematical talent 

(e.g., Baron-Cohen, 2004). This relation is, however, disproven (Escovar et al., 2016). 

The second misconception is girls’ compensation. This misconception assumes that girls work harder than 

boys for similar achievements in mathematics, having to compensate for their lower innate talent. While girls work 

harder than boys in mathematics, this leads to better- not similar grades (Duckworth & Seligman, 2006). Besides, a 

need for compensation is inconclusive (Girelli, 2023; Kersey et al., 2019; Lachance & Mazzocco, 2006).  

The third misconception is girls’ non-compensability. It is related to beliefs about talent not being malleable. 

Such a fixed mindset is broadly prevalent in mathematics (e.g., Canning et al., 2019; Gunderson et al., 2017; Heyder et 

al., 2021; Leslie et al., 2015). A fixed mindset is at odds with evidence of educational achievement, such as the growth 

mindset, which proposes that skills can be improved with practice (Dweck, 1999; 2015). The girls’ non-compensability 

misconception combines the idea of a fixed mindset with attributing girls less mathematical talent. In this way, girls 

are assumed to be unable to compensate for mathematical talent differences. The combination of these assumptions is 

detrimental to female students’ attitudes related to mathematics, to their motivation, and, in consequence, also to their 

mathematical performance (Canning et al., 2022; Heyder et al., 2019, 2021; Muenks et al., 2020).  

Those three misconceptions have a substantial theoretical overlap but still represent different aspects. 

According to theories about knowledge and stereotypes, these math-gender misconceptions are likely related to the 

math-gender stereotype (Martin & Halverson, 1981; von Aufschnaiter & Rogge, 2015). 

Hypotheses 

We investigated to what degree these three potential misconceptions are empirically separable, assuming 

three independent but related math-gender misconceptions to cluster in three misconception factors (empathizing-

systemizing, girls’ compensation, and girls’ non-compensability). We were also interested in their prevalence. 

Furthermore, we researched the relation of these math-gender misconceptions to the math-gender stereotype. 

                                                 
1 Analyses in all studies within this dissertation were conducted with an α-level of .05.  

We reported effect sizes for correlations, contrast analyses, and ANOVAs based on Cohen (2013). 
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Method 

We developed the Math-Gender Misconception Questionnaire (MGMQ) and empirically evaluated it in an 

online survey with 303 pre-service teachers (242 cisgender female, 61 cisgender male, Mage = 21.73). The MGMQ 

consisted of 30 items, of which 50 % (15) were misconception items for the scales of empathizing-systemizing (five 

items, e.g., “As girls think rather empathetically and boys think rather systematically, boys are on average more 

talented in mathematics than girls.”), girls’ compensation (five items, e.g., “For the same grades in mathematics, 

boys, on average, work less hard than girls, as boys have more natural talent.”), and girls’ non-compensability (five 

items, e.g., “With their, on average, harder work, girls can still not fully compensate their lesser mathematical talent 

compared to boys.”). The correct answer was to disagree with them. We balanced the questionnaire with 50 % (15) 

items comprising correct statements (e.g., “On average, boys rate themselves as more competent than girls in terms 

of their mathematical abilities.”). We did not analyze the filler items since they did not provide information about the 

prevalence of specific misconceptions. Each item required verification of a statement (agree/disagree) and certainty 

regarding the answer (0 = very uncertain to 4 = very certain). We multiplied verification (-1 = disagreement to a 

misconception item; +1 agreement to a misconception item) and certainty (0– 4), resulting in a misconception score 

(-4 = no misconceptions, 0 = uncertainty, +4 = strong misconceptions; cf. Eitel et al., 2021). We also measured 

misconception prevalence with a cutoff criterion: If at least one misconception item per scale was agreed to with high 

certainty (3–4), we assumed at least a (mixed) misconception to be prevalent (see also Dersch et al., 2022a; 

Vosniadou, 1994). We also analyzed the correlation of the researched misconceptions with the math-gender 

stereotype measured with one global item (“Mathematics is rather…” on a 9-point Likert-scale from female to male). 

Results and Discussion 

A confirmatory factor analysis revealed a good fit for the three-factor model, CFI = .940, RMSEA = .058, 

SRMR = .057 (Hu & Bentler, 1999; Yu, 2002). All factor loadings were significant (ps < .01) and ranged between 

.44 and .83. Scale reliabilities were in a good-to-acceptable range for empathizing-systemizing (ω = .88), girls’ 

compensation (ω = .76), and girls’ non-compensability (ω = .72; Nunnally, 1978). Girls’ compensation and girls’ 

non-compensability were strongly correlated (r = .86, p < .001). Misconception scores were negative (empathizing-

systemizing: M = -0.70, SD = 2.44; girls’ compensation: M = -1.58, SD = 2.15; girls’ non-compensability: M = -2.34, 

SD = 1.90), the majority of participants did not hold strong misconceptions. However, 48.2 % of pre-service teachers 

endorsed at least one of three misconceptions according to the cutoff criterion. Specifically, 32.0 % believed boys are 

inherently better in mathematics because they think more systematically (empathizing-systemizing), 26.7% believed 

that girls are only as good in mathematics as boys because they work harder (girls’ compensation), and 17.5% 

believed that girls cannot compensate for their lower mathematical abilities (girls’ non-compensability). The 

correlation between math-gender misconceptions and the math-gender stereotype was moderate, r = .45, p < .001, 

suggesting that both are related but not the same. 

In sum, the results of this first study supported the idea of three misconceptions related to the math-gender 

stereotype prevalent among a relevant subsample of pre-service teachers. Misconception prevalence called for an 

intervention targeting math-gender misconceptions, for example, in teacher training. An intervention would be 

especially useful and relevant if math-gender misconceptions informed or motivated teachers’ behaviors. Whether 

this was the case remained unclear after this first study. Therefore, it was necessary to study teachers’ math-gender 

stereotype-reinforcing behaviors or, more specifically, awareness of such behaviors as a potential close-to-behavioral 

measure. 
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Study 2 

Dersch, A.-S., Heyder, A., & Eitel, A. (submitted). Teachers’ Awareness of Math-Gender Stereotype-

Reinforcing Behaviors: A Video Experiment  

[currently under review at Social Psychology of Education] 

Theoretical Background and Study Motivation 

In this study, we researched a close-to-behavioral measure potentially related to math-gender misconceptions. 

That is awareness of math-gender stereotype-reinforcing behaviors. Teachers are important socializers contributing 

to their students’ math-gender stereotype (e.g., Eccles et al., 2011; Gunderson et al., 2012; Keller, 2001). Teachers’ 

implicit math-gender stereotype-reinforcing behaviors include the selection of stereotypical math tasks, which is 

likely since math textbooks depict less women than men and describe men more often via their STEM profession 

than women (e.g., Jehle et al.,2024; Nandi et al., 2024; Moser & Hannover, 2014). Another example of implicit math-

gender stereotype-reinforcing behaviors is differences in praise between the genders (e.g., Corpus & Lepper, 2007; 

Gunderson et al., 2012; Jamil et al., 2018). More explicit math-gender stereotype-reinforcing behaviors would be 

overt teacher comments encouraging only boys or stating that comparing the genders in math is unfair, indicating a 

fixed mindset in mathematics, which is detrimental for female learners (e.g., Canning et al., 2022). Teachers should 

be aware of such behaviors to avoid expressing them and to detect and critically evaluate them in others.  

Teachers’ detection and critical evaluation of relevant behaviors are related to their professional knowledge 

(Kersting et al., 2012). Videos are helpful for researching teachers’ detection and critical evaluation of relevant 

teacher behaviors (Bergin et al., 2017; Chan et al., 2021). Hence, awareness, as a combination of critical evaluation 

and detection of relevant math-gender stereotype-reinforcing behaviors in other teachers, might complement a 

misconception questionnaire like the MGMQ.  

Apart from researching teachers’ awareness of math-gender stereotype-reinforcing behaviors and the relation 

of awareness to the math-gender stereotype and math-gender misconceptions, we were interested in other social 

factors potentially influencing awareness. Awareness of gender stereotypes is lower in people socialized as male than 

in people socialized as female (Becker & Swim, 2011), which might be similar to the math-gender stereotype. 

Furthermore, knowledge of the math-gender stereotype being harmful to female learners (e.g., Eccles, 2011) might 

lead to less awareness of a female model teacher’s math-gender stereotype-reinforcing behaviors. Lastly, the model 

teacher’s gender and the participating teachers’ gender being similar might improve awareness of math-gender 

stereotype-reinforcing behaviors since model-observer-similarity increases a learner’s attention to a model (Bandura, 

1977a).  

Hypotheses 

We researched participating teachers’ awareness of math-gender stereotype-reinforcing behaviors. We 

expected teachers to be more aware of a male model teacher’s math-gender stereotype-reinforcing behaviors than of 

the same behaviors in a female model teacher. We also researched if participating teachers’ gender influenced their 

awareness, expecting awareness to be lower among male participating teachers. Additionally, we were interested in 

model-observer-gender similarity, meaning the interaction of model teacher gender and participant teacher gender. 

Moreover, we researched the relation of math-gender stereotype-reinforcing behaviors with math-gender 

misconceptions and the math-gender stereotype. 

Method 

Participants were 289 teachers (119 pre-service teachers, 170 in-service teachers; 54 cisgender male, 223 

cisgender female, two non-binary – socialized as female; Mage = 37.0). They watched four scripted video sequences 
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(0:11 – 2:10 min). Participants were randomly assigned to the model teacher in all videos being male (n = 130) or 

female (n = 149). Apart from the model teacher’s gender, the video scripts did not differ. All participants watched 

the sequences in the same order, starting with implicit behaviors (first two videos: selection of stereotypical math 

problems, differences in praise) and increasing in explicitness of the math-gender stereotype-reinforcing behaviors 

(last two videos: explicit encouragement for boys only, explicit statement that comparing the genders in math was 

unfair). The videos also contained distractor behaviors, such as the teacher using a random number generator to decide 

which student should answer their question. After each video, the participants evaluated the model teacher’s behavior 

and teaching strategies in general with one open question. Two independent coders coded participants’ evaluations 

of the model teachers’ behavior regarding the mere detection of math-gender stereotype-reinforcing behaviors (0; 1) 

and how they critically evaluated the model teachers’ behaviors and their consequences in the context of math-gender 

stereotypes and their societal effects (-3 to +3). We added both measures to assess participant teachers’ awareness. 

Interrater reliability was good: κCohen = .77, z = 29, p < .001. We assessed participants’ math-gender misconceptions 

with a short version of the MGMQ, the MGMQ-s, measuring the two misconception scales of empathizing-

systemizing and girls’ compensation, with four items each. We also assessed participants’ math-gender stereotype 

with the same single-item measure as in Study 1.  

Results and Discussion 

Participating pre-service and in-service teachers detected only 1.8 – 4.7 % of implicit math-gender stereotype-

reinforcing behaviors and 64.4 – 93.3 % of explicit math-gender stereotype-reinforcing behaviors. In this sample, 

35.3 % of teachers held at least one math-gender misconception. 

As hypothesized, participants were more aware of math-gender stereotype-reinforcing behaviors if the model 

teacher was male (M = 1.31, SD = 0.65) rather than female (M = 0.96, SD = 0.60), F(1, 272) = 23.06, p < .001, η² = 

.08, indicating a medium effect. Male and female participants, contrary to our hypothesis, did not differ in their 

awareness, F(1, 272) = 0.31, p = .581, yielding the exact same awareness (M =1.13, SD = 0.65). However, model-

observer gender similarity mattered, F(1, 272) = 4.965, p = .027, η² = .02, indicating a small effect. We found a 

significant but small correlation of awareness with math-gender misconceptions, r = .14, p = .017, making it an 

appropriate close-to-behavioral measure, adding value to a misconception questionnaire like the MGMQ(-s). Such a 

close-to-behavioral measure tests knowledge application and counters impression management based on social 

desirability (Kersting et al., 2012; van de Mortel, 2008).  

The low awareness of implicit math-gender stereotype-reinforcing behaviors called for teacher training to 

raise awareness. A conceptual change intervention, for instance, could target math-gender misconceptions and 

potentially indirectly improve awareness of math-gender stereotype-reinforcing behaviors. It remained to be 

researched how such a conceptual change intervention could be designed. This was the main goal of the third 

dissertation study. 

 

Study 3 

Dersch, A.-S., Thacker, I., & Eitel, A. (submitted). Should We Tell Teachers That They Are  

(In-)correct? How Personalized Refutation Text Promotes or Hampers Conceptual Change 

[currently under review at Educational Psychology Review] 

Theoretical Background and Study Motivation 

 In the third study of this dissertation, we created an intervention to target and potentially refute teachers’ 

math-gender misconceptions. Teachers as influential socializers were found to hold math-gender misconceptions in 
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the previous studies within this dissertation and said misconceptions were related to the math-gender stereotype and 

math-gender stereotype-reinforcing behaviors. Hence, refuting teachers’ math-gender misconceptions appeared 

necessary. Refuting misconceptions requires systematic information processing (Gregoire, 2003). However, teachers 

might not process the refutational information systematically enough (Gregoire, 2003), for instance, due to not feeling 

self-implicated (Dersch et al., 2022a; Gregoire, 2003). Thus, standard refutation text, which is an effective means for 

conceptual change among novice learners (Danielson et al., 2024; Tippett, 2010), may not be sufficient for teachers’ 

conceptual change (Dersch et al., 2022a; Ferrero et al., 2020). Combining refutation text with personalized feedback 

on teachers’ prior performance has been found to successfully foster their conceptual change about multimedia 

learning (personalized refutation texts; Dersch et al., 2022a), mediated by increased self-implication, expressed via 

negative affect of internal blame (Dersch et al., 2022a). However, the topic of gendered ability differences might 

cause worldview backfire effects (Lewandowsky et al., 2020) due to endangering learners’ identity or self-concept 

(e.g., Sherman & Cohen, 2002). Such worldview backfire effects might be related to negative affect of external blame, 

such as anger (Trevors et al., 2016). 

Hypotheses  

Accounting for the beneficial effects of personalized refutation texts for teachers’ conceptual change in 

previous research, as well as for potential backfire effects due to the researched topic, we preregistered contrasting 

hypotheses. We expected personalized refutation texts would work best for teachers’ conceptual change of math-

gender misconceptions. We hypothesized this effect to be mediated by negative affect of internal blame (e.g., guilt). 

Opposed to these hypotheses, we assumed (personalized) refutation texts would cause stronger backfire effects. We 

assumed backfire effects to be mediated by negative affect of external blame (e.g., anger). We also researched the 

effects of condition on the close-to-behavioral measure of awareness of math-gender stereotype-reinforcing 

behaviors. Furthermore, we explored potential effects on specific attitudes towards gender equity in math and the 

global math-gender stereotype. 

Method 

In a randomized 2x2-pre-post-design with 336 teachers (85 in-service teachers, 251 pre-service teachers; 266 

cisgender female, 69 cisgender male, one non-binary – socialized as female; Mage = 27.56 [SD = 12.77, range = 18—

75 years]), participants were randomly assigned to one of four text type conditions (1) standard expository texts (n = 

83), (2) personalized expository text (n = 86), (3) standard refutation text (n = 74), or (4) personalized refutation text 

(n = 93). Participants in the two personalized text conditions received personalized feedback based on their 

performance in the pre-test (i.e., misconceptions as assessed in the MGMQ-s), either combined with refutation text 

or expository text, depending on their condition. Participants filled in the MGMQ-s as pre-test and post-test. 

We researched which text type was most effective in fostering conceptual change based on the difference 

between the post-test and pre-test misconception scores in the MGMQ-s (max. backfire effects= -8; no conceptual 

change = 0; max. conceptual change = +8). After the MGMQ-s as a post-test, we also tested the effect of text type on 

awareness of math-gender stereotype-reinforcing behaviors in a second post-test to research knowledge application 

(measured as in Study 2). We then assessed participants’ explicit math-gender stereotype (one-item measure, as in 

Study 1 and Study 2) and their specific attitudes towards gender equity in mathematics (e.g., “The math-gender gap 

should be closed”) to research potential condition effects on attitudes and the potential beneficial effects of conceptual 

change on attitude change. We also investigated whether negative affect of internal blame mediated successful 

conceptual change. Furthermore, we tested if (personalized) refutation text triggered stronger backfire effects, 

potentially mediated by negative affect of external blame.  
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Results and Discussion 

Overall, the interventions fostered teachers’ conceptual change, t(335) = 18.72, p <. 001. For teachers who had 

held misconceptions in the pre-test (n = 96), according to orthogonal contrast analyses, the focal contrast [−1 −1 −1 

+3] revealed that personalized refutation texts initiated the strongest conceptual change (M = 2.06, SD = 1.97), b = .26, 

SE = .13, t(92) = 4.16, p = .044, R2 = .05, indicating a small effect. According to the residual contrasts ([−1 −1 +2 0];[ 

−1 +1  0  0]), the other conditions (standard expository text: M = 1.77, SD = 1.90; personalized expository text: M = 

1.80; SD = 1.53; standard refutation text: M = 1.98, SD = 2.01) did not differ significantly, p > .05. Among these 96 

participants with both misconceptions in the pre-test, negative affect of internal blame did not mediate the beneficial 

effect of personalized refutation text on conceptual change, ab = -0.2, SE = .02, BCa Cl 95 [-.08, .02]. However, 

researching all 336 participants, conceptual change correlated with negative affect of internal blame, r = .14, p = .009. 

This finding suggests a small but meaningful relationship between internal blame and conceptual change in line with 

previous research (Dersch et al., 2022a; Gregoire, 2003). Yet, this relationship was not due to text type. It might have 

been due to the topic of math-gender misconceptions increasing negative affect of internal blame.  

Personalized refutation texts, while refuting teachers’ misconceptions most effectively, also triggered the 

strongest backfire effects among all participants with negative conceptual change (n = 42) according to an ANOVA, 

F(1, 38) = 8.11, p = .007, ηp² = .18, indicating a large effect. Most of these 42 participants had not held (strong) 

misconceptions in the pre-test. Negative affect of external blame did not mediate these backfire effects, ab = -.0002, 

SE = .02, BCa Cl 95 [-.02, .03].  

Regarding the application of knowledge, the 96 participants who had held both misconceptions in the pre-test 

were less aware of math-gender stereotype-reinforcing behaviors if they were in the personalized refutation text 

condition, b = -.09, SE = .04, t(78) = -2.01, p = .047, R2 = .06, indicating a medium effect. This finding might indicate 

backfire effects and is similar to results in a study by Ferrero et al. (2020), who found backfire effects on teachers’ 

knowledge transfer in a refutation text condition, which had initially fostered the strongest conceptual change. 

We did not find condition effects on the math-gender stereotype, nor on specific attitudes toward gender equity 

in mathematics (ps > .05). Math-gender misconceptions in the post-test were, however, significantly negatively 

correlated with specific positive attitudes towards gender equity in math with a small effect, r = -.20, p < .001. The 

fewer misconceptions participants held after the intervention, the more positive their attitudes toward gender equity in 

math. Further, the math-gender stereotype did not correlate significantly with math-gender misconceptions in the post-

test (p > .05). The math-gender stereotype, thus, seemed to have remained stable. We further found that among 

participants with knowledge backfire effects (n = 42), personalized feedback led to more positive specific attitudes 

towards gender equity in math F(1, 32) = 5.92, p = .021, ηp² = .16, indicating a large effect.  

 

General Discussion 

In this dissertation, I aimed to construct a questionnaire that reliably measures teachers’ math-gender 

misconceptions. I also researched math-gender misconceptions’ potential relation to teachers’ math-gender stereotype. 

Furthermore, I aimed to construct an appropriate close-to-behavioral measure related to math-gender misconceptions; 

teachers’ awareness of math-gender stereotype-reinforcing behaviors. Additionally, this dissertation aimed at refuting 

teachers’ math-gender misconceptions using personalized refutation texts (vs. personalized expository text, standard 

refutation text, and standard expository text), also testing the application of knowledge with the close-to-behavioral 

measure of awareness and the impact on attitudes such as the math-gender stereotype and more specific attitudes 

toward gender equity in mathematics. I furthermore took potential knowledge and attitude backfire effects into account.  
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Pattern of Results of this Dissertation 

Within this dissertation, I identified and measured knowledge conceptions that contradict scientific evidence 

and theoretical frameworks (Eitel et al., 2021; Hughes et al., 2013) about gender talent differences in mathematics, 

that is, math-gender misconceptions (i.e., empathizing-systemizing, girls’ compensation, and girls’ non-

compensability). I found them to be related but separate constructs, which were moderately correlated with teachers’ 

math-gender stereotype. Math-gender misconceptions were prevalent in a substantial group of pre-service and in-

service teachers. Further, they were related to awareness of math-gender stereotype-reinforcing behaviors, with a 

small but significant effect. This finding called for an intervention refuting teachers’ math-gender misconceptions, 

potentially increasing teachers’ awareness and changing teachers’ attitudes. 

Therefore, I researched how these math-gender misconceptions could best be refuted and found that 

personalized refutation texts are a promising method, specifically for teachers with strong misconceptions. I, 

however, also found that personalized refutation texts unintendedly strengthened math-gender misconceptions, 

mostly in participants who did not hold strong math-gender misconceptions in the pre-test. Studying the application 

of knowledge after the intervention, I also found backfire effects for personalized refutation texts in awareness of 

math-gender stereotype-reinforcing behaviors for participants with both misconceptions. We did not find condition 

effects on attitudes like the global math-gender stereotype nor specific attitudes toward gender equity in mathematics. 

 

Addressing Gaps from Previous Research 

In this paragraph, I will discuss the gaps I identified in previous research and how this dissertation attempted 

to target and potentially narrow these gaps. Gaps reach from methodological questions of math-gender 

misconception and math-gender stereotype-reinforcing behavior assessment via their prevalence and interrelation 

to potential effects of an intervention countering math-gender misconceptions and relations to affective processes 

and attitudes. I will address each gap individually by combining and synthesizing the contributions of all three 

studies included in this dissertation. First, I will describe the respective open question. Then, I will describe how I 

attempted to answer it. I will then discuss the findings and evaluate their impact in relation to the respective gap. In 

doing so, I will also briefly discuss research gaps that remain after this dissertation, either due to limitations of my 

contributions or additional questions that were beyond the scope of this dissertation. 

Measuring Teachers’ Math-Gender Misconceptions 

The first gap this dissertation targeted is the assessment of math-gender misconceptions. Thus far, most 

research aiming to research the explicit math-gender stereotype has used one global item (e.g., Nosek & Symth, 

2011; Starr et al., 2023) or two global items – one for boys and one for girls (e.g., Steffens & Jelenec, 2011), or had 

participants judge the same item about performance or talent differences between the genders from different 

perspectives (e.g., Passolunghi et al., 2014). An example item is “Mathematics is rather…” with a five-point Likert 

scale from female to male (Nosek & Smyth, 2011). The above-mentioned general measures include the current 

social reality that shapes stereotypes (Jussim et al., 2005), like the lower female representation in mathematics and 

math-intensive STEM fields (Kahn & Ginther, 2017; Wang & Degol., 2017). Applying such general measures 

appropriately represents the global nature of the math-gender stereotype (Greenwald et al., 2002; Klineberg, 1951). 

However, these measures do not account for specific aspects of the math-gender stereotype that are not empirically 

supported (Hughes et al., 2013) or not in line with theoretical frameworks (Eitel et al., 2021), meaning math-gender 

misconceptions. In previous research, I could not identify a measure for such misconceptions. Because 

misconceptions can be effectively targeted using refutation text, which first states a common misconception before 
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addressing it (e.g., Tippett, 2010), it is necessary to know the exact misconceptions to target them (Eitel et al., 2021). 

Therefore, in Study 1 of this dissertation, I constructed the Math-Gender Misconception Questionnaire (MGMQ; 

Dersch et al., 2022b) to assess three misconceptions I had identified within the literature. The misconceptions were 

empathizing-systemizing (e.g., “As girls think rather empathetically and boys think rather systematically, boys are 

more talented in mathematics than girls.”), girls’ compensation (e.g., “For the same grades in mathematics, boys, 

on average, work less hard than girls, as boys have more natural talent.”), and girls’ non-compensability (e.g., “With 

their harder work, girls can still not fully compensate their lesser mathematical talent compared to boys.”).  

As expected, these misconceptions were empirically separable but related constructs (Study 1). For research 

with in-service teachers as a busy target group (Creagh et al., 2023), I constructed the MGMQ-s to provide a short 

version of the questionnaire focusing on the two more prevalent misconceptions of empathizing-systemizing and 

girls’ compensation (Study 2). The MGMQ-s revealed a similar prevalence of the two researched math-gender 

misconceptions among in-service and pre-service teachers (Study 1, Study 2, Study 3). In all three studies, I found 

math-gender misconceptions related to the global math-gender stereotype. These findings align with theoretical 

assumptions about how gender-related knowledge is stored (Martin & Halverson, 1981). My findings imply that 

math-gender misconceptions might contribute to the manifestation of the related math-gender stereotype, for 

instance, by providing simple biologistic explanations for the math-gender gap (see also Girelli, 2023; Rubel et al., 

2024).  

While I identified three specific math-gender misconceptions based on the literature (e.g., Baron-Cohen, 

2004; Martingano & Konrath, 2022; Sáinz et al., 2020; Tiedemann et al., 2002), which I then measured in pre-

service and in-service teachers throughout all three studies, these three math-gender misconceptions may not be 

exhaustive. Thus, there might be other math-gender misconceptions prevalent in teachers and the general public 

that justify the math-gender stereotype and hence contribute to its manifestation (see also Girelli, 2023; Rubel et al., 

2024), while being scientifically unsupported (Eitel et al., 2021; Hughes et al., 2013). 

In sum, the dissertation resulted in a reliable questionnaire to assess frequent math-gender misconceptions, 

comprising both a validated long and short version of the questionnaire, the MGMQ, and the MGMQ-s. Both 

questionnaires allow for the assessment of specific math-gender misconceptions. However, it remained to be 

researched if the measured math-gender misconceptions would be related to behaviors or, more specifically, a close-

to-behavioral measure, for instance, awareness of math-gender stereotype-reinforcing behaviors.  

Measuring Teachers’ Awareness of Math-Gender Stereotype-Reinforcing Behaviors 

 Teachers’ misconceptions about learning and teaching may be related to lesson design, teacher behaviors, 

or student-teacher interactions (e.g., McAfee & Hofmann, 2021; Wilen, 2004). However, it remained to be 

researched if this holds also true for math-gender misconceptions. I attempted to answer this question with the help 

of the close-to-behavioral measure I constructed in Study 2. Since teachers can convey their stereotype to their 

students via different math-gender stereotype-reinforcing behaviors (e.g., Bandura, 1977a; 1977b; Bian, 2022; 

Beilock et al., 2010; Corpus & Lepper, 2007; Mischel, 1966; Jamil et al., 2018; Jehle et al., 2024; Skinner, 1963; 

1977), I researched teachers’ awareness of math-gender stereotype-reinforcing behaviors as a potential close-to 

behavioral measure. 

Previous research has mostly used case vignettes to assess gender awareness in mathematics and other STEM 

subjects (e.g., Atanasova et al., 2024; Holder & Kessels, 2017; Nürnberger et al., 2016). These case vignettes can 

be re-read several times. Furthermore, short, subtle, and implicit occurrences must be described explicitly in the 
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vignette text, likely making implicit occurrences more obvious to the vignette readers. A potential solution to this 

issue could be the application of classroom videos. 

In classroom video research, different protagonists show several behaviors simultaneously, some of them 

implicit or subtle, which allows for the ecological assessment of teacher noticing or teacher awareness of a breadth 

of different behaviors and interactions (Chan et al., 2021). Previous video research on teacher noticing, to my best 

knowledge, has focused only scarcely on awareness of a model teacher’s gender stereotype-reinforcing behaviors but 

mainly on the perception and evaluation of student behaviors in classroom settings (Chan et al., 2021). It is, however, 

important for teachers to be aware of math-gender stereotype-reinforcing behaviors that could convey the math-

gender stereotype to students (e.g., Bian, 2022; Beilock et al., 2010) since such awareness might be required in 

socialization contexts like schools (Wentzel, 2014), to detect it in colleagues, but also to reflect own behaviors.  

This gap in the previous research led me to construct a measure assessing awareness of math-gender 

stereotype-reinforcing behaviors. More specifically, I scripted and then filmed classroom videos of a model teacher 

expressing different math-gender stereotype-reinforcing behaviors in a realistic math-classroom setting of a 7th grade, 

balanced for a male and a female model teacher. I extracted the math-gender stereotype-reinforcing behaviors for the 

video scripts from a literature review, researching common ways teachers might convey the math-gender stereotype 

to their students. I included the selection of a gender-stereotypical math task. Such tasks are still common in current 

math textbooks and influence female learners’ perception of mathematics as male (e.g., Jehle et al., 2024; Moser & 

Hannover, 2014). Furthermore, I included a teacher praising girls exaggeratedly for easy math tasks while praising 

boys less for difficult math tasks. This behavior implies that the teacher attributes a girl’s solution of an easier math 

task to strong effort requiring praise while attributing a boy’s solution of a rather difficult math task to average effort 

and, hence, to more talent (see also Tiedemann, 2002). Such rather implicit or subtle behaviors likely reinforce the 

math-gender stereotype, for instance, in terms of self-fulfilling prophecies (Jamil et al., 2018). Two other videos 

contained more explicit math-gender stereotype-reinforcing behaviors, meaning direct statements. Statements 

differed in explicitness. The first statement occurred before an exam comparing the math performance of different 

classes of the same grade. The teacher stated to rely on the boys’ math proficiency without addressing the girls. The 

second statement was about girls’ and boys’ math performance not being comparable due to different prerequisites 

of the genders (see also fixed mindset ideas; researched by Canning et al., 2022; Heyder et al., 2021).  

In order to increase ecological validity, videos could only be watched once, just like real-life situations cannot 

be rewound. For that same purpose, all videos contained distractor behaviors; for example, the teacher used a random 

number generator to choose which student should be the next to answer a question. Like in realistic classroom settings, 

several things co-occurred (Chan et al., 2021). The videos furthermore portrayed a wide variety of math-gender 

stereotype-reinforcing behaviors, which, especially in this combination, would have been difficult to record in a non-

scripted setting (see also Gartmeier, 2014).  

I found awareness of math-gender stereotype-reinforcing behaviors related to math-gender misconceptions 

with a small but significant effect in Study 2. This finding is similar to prior research, which found teachers’ ability 

to detect and critically evaluate teacher behaviors and student-teacher interactions related to aspects of their 

professional teacher knowledge (Bergin et al., 2017; Kersting et al., 2012). Since both measures were correlated with 

a small but significant effect, assessing teachers’ awareness of math-gender stereotype-reinforcing behaviors with 

classroom videos may complement a questionnaire tool like the MGMQ(-s). Such a close-to-behavioral measure can 

prevent impression management based on social desirability, which is common for self-report measures like 

questionnaires (van de Mortel, 2008). Such impression management is unlikely to occur for a tool that requires the 
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application of professional knowledge in subtle situations. Preventing social desirability is especially interesting for 

assessing the math-gender stereotype and its related constructs since it is socially undesirable (Agut et al., 2023). 

Such a close-to-behavioral video measure furthermore holds the potential to bridge the theory-practice gap in 

teacher education by calling for the application of professional knowledge (Greenway et al., 2019; Grossmann, 2011; 

Kersting et al., 2012). Hence, apart from its diagnostic purpose, the videos could also be applied to teacher training 

to increase awareness of math-gender stereotype-reinforcing behaviors.  

In this dissertation, I scripted and filmed four different classroom videos to assess awareness of a breadth of 

math-gender stereotype-reinforcing behaviors. Yet, the math-gender stereotype-reinforcing behaviors shown in the 

videos are not exhaustive of all potential math-gender stereotype-reinforcing behaviors in a classroom setting. Future 

studies could add to this body of research by applying different classroom videos with math-gender stereotype-

reinforcing behaviors. Future videos could be matched to the items of the MGMQ(s-) to better assess the application 

of the specific, relevant knowledge or the detrimental influence of math-gender misconceptions on such knowledge. 

An example video to match the empathizing-systemizing misconception could be of a model teacher who praises a 

male student for their systematical thinking abilities while praising a female student for her empathetic abilities. 

Findings on Teachers’ Math-Gender Misconceptions and Teachers’ Awareness 

Since, to my best knowledge, there are neither measures that allow for the assessment of the three specific 

math-gender misconceptions of empathizing-systemizing, girls’ compensation, and girls’ non-compensability, nor 

measures that allow assessing awareness of the specific math-gender stereotype-reinforcing behaviors as portrayed 

in the above-described classroom videos, first respective findings regarding prevalence and awareness were in the 

focus of this dissertation. Across all three studies in this dissertation, I found math-gender misconceptions prevalent 

among pre-service and in-service teachers. About 35 % to almost 50 % of these (future) teachers held at least one 

math-gender misconception throughout all studies. Moreover, I found low average awareness, especially of implicit 

math-gender stereotype-reinforcing behaviors.  

The findings called for interventions that both target teachers’ math-gender misconceptions and, given the 

relationship of both constructs, potentially increase awareness of math-gender stereotype-reinforcing behaviors. 

Since personalized refutation texts have been researched to effectively reduce teachers’ misconceptions (Dersch et 

al., 2022a), they appeared promising. I therefore researched them in the third study of this dissertation. 

Personalized Refutation Text 

Refutation texts, stating a commonly held misconception, a cue that the respective misconception is incorrect, 

and providing an alternative, scientifically-based explanation have been criticized for being overly authoritative 

(Zengilowski et al., 2021; 2022) and for not addressing learners’ prerequisites (Asterhan & Dotan, 2018). In this 

dissertation, I addressed these aspects by applying personalized refutation texts, combining refutation text with 

personalized feedback, taking each learner’s individual prior misconceptions into account (see also Dersch et al., 

2022a). This dissertation aimed to specify if combining personalized feedback with refutation texts is necessary or if 

personalized feedback and expository text are sufficient for conceptual change. These questions were not sufficiently 

addressed in a prior study (Dersch et al., 2022a), which combined personalized feedback with an adaptive condition, 

providing a refutation text only if a misconception was prevalent. If teachers were uncertain or did not hold a 

misconception, they received an expository text. While the personalized, adaptive condition was most effective in 

said study, it remained unclear if this effect was due to personalization, potentially making the refutation obsolete.  
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Personalized feedback in itself can serve as a metacognitive prompt, similar to a refutation text (Vosniadou, 

1994), by providing the information that a learner holds a misconception (Asterhan & Dotan, 2018). Furthermore 

such personalized refutation text can appear less prescriptive and authoritative (Zengilowski et al., 2021; 2022). 

Hence, in Study 3 of this dissertation, I applied a 2x2 design comparing the effects of standard expository text, 

standard refutation text, personalized refutation text, and personalized expository text. I found that personalized 

expository text did not foster teachers’ conceptual change as effectively as personalized refutation text. It is therefore 

beneficial to combine personalized feedback with refutation text. In line with theoretical assumptions (e.g., Strike & 

Posner, 1982), personalized refutation text seems to make the threshold between a learner’s own misconception and 

alternative, correct conception more obvious because, different from personalized expository text, personalized 

refutation text additionally clearly states and disproves a misconception. However, in future studies, this must be 

researched using different samples and materials on different topics to draw robust conclusions.  

Personalized Refutation Texts Targeting Teachers’ Math-Gender Misconceptions 

Since refutation text research tends to use the same materials in different experiments, this raises questions 

about the generalizability of the refutation text paradigm (Zengilowski et al., 2021; 2022). For teachers’ conceptual 

change with personalized refutation texts, there is even less research, disallowing generalization. While a 

personalized (refutation) text intervention effectively refuted in-service teachers’ multimedia learning 

misconceptions (Dersch et al., 2022a), it remained unclear if this effect was stable for other topics, such as math-

gender misconceptions. Researching a potential generalization of the personalized refutation text effect with the topic 

of math-gender misconceptions was especially insightful for two reasons.  

First, math-gender misconceptions are related to learners’ identity, self-concept, and attitudes, for instance, to 

their math-gender stereotype, as found in Study 1 and Study 2 (see also Martin & Halverson, 1981), or to their 

academic self-concept (e.g., Arens et al., 2021; Sherman & Cohen, 2002). To protect the self, targeting and refuting 

misconceptions related to identity, self-concept, and attitudes can foster backfire effects. Backfire effects hinder the 

successful refutation of the targeted misconceptions or even reinforce them (Lewandowsky et al., 2020; Jacobson et 

al., 2021; Sherman & Cohen, 2002; Trevors et al., 2016).  

Second, refuting teachers’ math-gender misconceptions, especially in teachers as influential socializers (e.g., 

Gunderson et al., 2012), might help to improve gender equity in mathematics since math-gender misconceptions 

likely contribute to the manifestation of the math-gender stereotype (Study 1; Study2; see also Girelli, 2023; Rubel 

et al., 2024), which in turn contributes to female underrepresentation in mathematics (e.g., Cvencek et al., 2012; 

Greenwald et al., 2002; Eccles, 2011; Nosek & Smyth, 2011; Wang & Degol, 2017).  

For participants who had held math-gender misconceptions in the pre-test, findings revealed that personalized 

refutation text about math-gender misconceptions was the most effective intervention. Findings suggest that 

personalized refutation text, among the text types researched here, is the most potent for changing teachers’ math-

gender misconceptions. The personalized refutation text effect seems to be consistent for different topics, such as 

multimedia learning (Dersch et al., 2022a) and gendered ability differences (Study 3). These findings take us a step 

closer to improved generalizability of the personalized refutation text effect and potentially contribute to narrowing 

the math-gender gap in the long run. 

Additionally, to explore mechanisms lying behind the personalized refutation text effect, it was necessary to 

research affective and motivational processes related to conceptual change (see also Sinatra & Seyranian, 2015).  
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The Role of Negative Affect  

Previous research has identified negative affect of internal and external blame as related to conceptual change 

and attitude change (e.g., Dersch et al., 2022a; Nabi, 1999; Trevors et al., 2016). Such negative affect can be caused 

by detecting a threshold between one’s own misconceptions and the scientifically supported conception (Dersch et 

al., 2022a; Gregoire, 2003; Strike & Posner, 1982). Negative affect of internal blame, such as guilt, occurs if the 

threshold is appraised as a challenge rather than a threat (Dersch et al., 2022a; Gregoire, 2003). A slight negative 

affect of internal blame can foster motivation for conceptual change and attitude change (Gregoire, 2003; Nabi, 1999; 

Strike & Posner, 1982). An increase in negative affect of internal blame accordingly mediated the effect of 

personalized (refutation) texts on conceptual change about multimedia leaning in a prior study (Dersch et al., 2022a).  

The relation of math-gender misconceptions to attitudes, self-concept, and identity (e.g., Martin & Halverson, 

1981; Sherman & Cohen, 2002; Study 1; Study 2) may, however, impact the role of negative affect. Stress caused by 

detecting a threshold between one’s misconceptions related to self-concept, identity, or attitudes and the scientifically 

supported conceptions is more likely appraised as a threat than a challenge (Gregoire, 2003; Sherman & Cohen, 

2002; Trevors, 2016). Threat appraisal may cause negative affect of external blame instead of negative affect of 

internal blame, which hampers conceptual change instead of facilitating it (Trevors et al., 2016). In this dissertation, 

I researched if the role of negative affect of internal blame remained stable or if negative affect of external blame 

would play a role for the attempted refutation of math-gender misconceptions.  

Unlike in prior research (Dersch et al., 2022a), negative affect of internal blame did not mediate the effects of 

personalized refutation texts on conceptual change. Personalized refutation texts did not increase negative affect of 

internal blame compared to the other conditions. Negative affect related to internal blame was, however, related to 

fostering conceptual change, as expected and similar to previous research (Dersch et al., 2022a). 

Personalized refutation texts being the most effective condition refuting teachers’ math-gender 

misconceptions, however, not mediated via negative affect of internal blame, might suggest that cognitive processes, 

rather than affective processes, improved conceptual change in the personalized refutation text condition. 

Personalization may have activated the learners’ prior knowledge about themselves. Such prior knowledge activation 

about the rich schemata of the self improves the integration of the to-be-learned information in these prior knowledge 

structures, which benefits learning (Markus, 1977; Martin & Halverson, 1981). Furthermore, combining personalized 

feedback and refutation text may have enhanced cognitive co-activation of the misconceptions and the alternative 

explanation (Kendeo & O’Brien, 2014) and improved metacognition (Vosniadou, 1994). These processes are also 

researched to benefit conceptual change (Kendeo & O’Brien, 2014; Vosniadou, 1994; Danielson et al., 2024). 

A similar amount of internal blame throughout all conditions may be due to the topic of math-gender 

misconceptions rather than the text type (personalized vs. standard, refutation vs. expository). Regardless of text type, 

math-gender misconceptions may have caused negative affect of internal or external blame among some participants 

depending on their attitudes, like their related math-gender stereotype (Martin & Halverson, 1981; Study 1; Study 2). 

Accordingly, I found no intervention to trigger stronger external blame than the other conditions. This finding is 

interesting since I had expected negative affect of external blame to mediate backfire effects. Even though negative 

affect, which can be related to backfire effects (e.g., Trevors et al., 2016) did not play a role here, open questions 

regarding backfire effects remain to be addressed.  
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Knowledge Backfire Effects  

Since targeting a misconception and attempting to refute it can cause different kinds of backfire effects, which 

lead to hindered conceptual change or even an unintended reinforcement of the targeted misconception 

(Lewandowsky et al., 2020), I also researched potential backfire effects in the third study of this dissertation. 

I found knowledge backfire effects, which were, however, unrelated to negative affect of external blame. They 

were likely familiarity backfire effects. While worldview backfire effects are related to, or mediated by, negative 

affect of external blame (Trevors et al., 2016), familiarity backfire effects are not (Lewandowsky et al., 2020). 

Familiarity backfire effects occur due to mentioning a misconception several times without the need for a refutation, 

which increases familiarity, leading to an unintended strengthening of the misconceptions (Lewandowsky et al., 

2020). Among participants whose misconceptions were reinforced, backfire effects were strongest in the personalized 

refutation text condition. Participants in this condition were confronted with the misconceptions more frequently than 

in the other conditions. The pre-test and the post-test both comprised misconception statements, the personalized 

feedback and the refutation-cue also stated the misconception. This accumulated exposure may have increased 

familiarity. Further, most participants who backfired did not hold strong misconceptions in the pre-test. Hence, they 

experienced increased familiarity without the need for a refutation, which causes familiarity backfire effects 

(Lewandowsky et al., 2020). 

These findings suggest that a refutation intervention should be tailored to the prevalence of the to-be-targeted 

misconceptions, for example, by applying an adaptive algorithm, which only provides a refutation text if a 

misconception is prevalent and, in other cases, provides an expository text. Expository text, other than the refutation 

text, does not mention the misconception before providing an alternative explanation, reducing the misconceptions’ 

increase in familiarity and, like this, preventing or reducing familiarity backfire effects for participants who do not 

hold misconceptions. This adaptivity was applied in a prior study (Dersch et al., 2022a), which, however, disallowed 

conclusions about the combination of personalization and expository texts vs. refutation texts. In sum, findings from 

both studies (Dersch et al., 2022a; Study 3) now imply that while personalized expository text is insufficient to 

enhance teachers’ conceptual change if misconceptions are prevalent, it might be a valuable alternative if no 

misconception is prevalent since it avoids or reduces familiarity backfire effects. While personalized refutation text 

is more effective, it should only be applied if misconceptions are prevalent to avoid such familiarity backfire effects.  

I furthermore found backfire effects for personalized refutation text on awareness of math-gender stereotype-

reinforcing behaviors. Despite being the most potent condition for reducing math-gender misconceptions and 

contrary to our expectations, personalized refutation texts led to less awareness than the other conditions. These 

findings are similar to those of Ferrero et al. (2020), who also found teachers’ backfire effects in a close-to-behavioral 

measure for their most effective refutation condition. The continued influence effect may contribute to such backfire 

effects on behaviors or behavioral measures (Seifert, 2014). The continued influence effect describes that 

misconceptions influence behaviors even after their refutation (Seifert, 2014). Low source credibility contributes to 

the continued influence effect (Eckert et al., 2021). While source credibility causing condition effects is unlikely in 

this dissertation since the texts were highly standardized between conditions, future research should assess source 

credibility to account for it if necessary.  

Another explanation might be an interaction of familiarity backfire effects and experimental design, more 

precisely, the order of measures. In the personalized refutation text condition, participants were confronted with the 

math-gender misconception most frequently. Some participants already experienced familiarity backfire effects in 

the first post-test (the MGMQ-s; see above). Assessing awareness of math-gender stereotype-reinforcing behaviors 
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after the post-test may have led to familiarity backfire effects, which were expressed in the awareness measure after 

the post-test comprised the misconception statements again. Future research should, therefore, control for the 

measures’ positioning to avoid such interactions.  

Despite order effects as a potential explanation, the backfire effects of personalized refutation texts on math-

gender stereotype-reinforcing behaviors remain worrying. While it is promising that personalized refutation texts 

were most effective at refuting teachers’ math-gender misconceptions, the related constructs of teachers’ awareness 

of math-gender stereotype-reinforcing behaviors and teachers’ math-gender stereotype, as well as other attitudes are 

just as relevant, since they all contribute to the manifestation of the math-gender gap.  

Attitudes 

Stereotypes are the cognitive component of an attitude (Fiske, 1982), comprising generalized knowledge and 

beliefs about social groups (e.g., Hilton & van Hippel, 1996). Accordingly, I found math-gender misconceptions 

related to the math-gender stereotype in the first two studies of this dissertation (see also Martin & Halverson, 1981).  

I wondered whether targeting math-gender misconceptions would affect the related math-gender stereotype 

and specific attitudes about gender equity in mathematics. While attitude change via refutation texts is possible 

(Jacobson et al., 2021; Sinatra & Seyrania, 2015; Thacker et al., 2020), this does not occur in all cases of an attempted 

refutation. Sinatra and Seyranian (2015) postulate that for successful attitude change, misconceptions should not be 

very robust (Sinatra & Seyranian, 2015). Since, to my best knowledge, the influence of an attempted refutation of 

math-gender misconceptions on related attitudes has not been researched yet, I tried narrowing this research gap.  

Regarding potential differences between personalized feedback vs. no personalized feedback and refutation 

text vs. expository texts, I found that, compared to no feedback, personalized feedback, among those participants who 

experienced knowledge backfire effects, led to more positive specific attitudes toward gender equity in math. 

Knowledge backfire effects might go hand in hand with the backfiring of the related negative attitudes (Jacobson et 

al., 2021; Sinatra & Seyranian, 2015). Personalized feedback, however, seems to have mitigated such attitude backfire 

effects, which indicates that it may function as a protective factor, in line with the assumption that personalization 

can reduce the perceived prescriptiveness and authoritativity often criticized in refutation texts (Zengilowski et al., 

2021; 2022). This finding highlights the potential of personalization.  

Future research could expand the potential of personalization and adaptivity. Adaptive, personalized feedback, 

thus far, has mainly focused on learners’ performance in a prior knowledge test rather than on their attitudes or 

affective states (Maier & Klotz, 2022). Especially in the context of refutation interventions on attitude-prone topics, 

it would be beneficial to tailor personalized feedback to attitudes, which might influence the reception of an 

intervention. This way, refutation interventions could not only be adapted to misconception prevalence (Dersch et 

al., 2022a) but also to negative attitudes related to the topic. A refutation instruction could be made ‘softer’ by 

containing concessive statements if the participant holds a negative attitude towards the refutational information. 

While such concessive statements did not enhance conceptual change in a prior study (Prinz et al., 2022), this may 

differ for more attitude-prone topics. An example for a concessive refutation text targeting math-gender 

misconceptions could read as follows: 

“Many people believe that [math-gender misconception]. This assumption is, however, not in line with 

current evidence. It is, however, understandable that such misconceptions are common since many people 

witness female underrepresentation in math-related fields and try to find an explanation for this 

underrepresentation. However, it is not due to girls’ or women’s mathematical talent but due to societal 
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influences. [Explanation of social mechanism contributing to the math-gender gap as alternative 

explanation].” 

Despite the promising findings and potentials regarding personalization, I found no condition effects of text 

type on the math-gender stereotype. In the third study, after an intervention, the math-gender stereotype no longer 

correlated with math-gender misconceptions, as in Study 1 and Study 2. The lack of connection between math-gender 

stereotype and misconceptions in Study 3 may be due to a successful reduction of the math-gender misconceptions, 

while the math-gender stereotype remained stable. More extensive interventions seem necessary to reduce the math-

gender stereotype (e.g., Kollmayer et al., 2020; Priyashanta et al., 2021).  

Since the math-gender stereotype draws on consolidated, often overgeneralized, knowledge based on 

socialization and prior experiences (Bodenhausen, 1990), future interventions could address such knowledge. 

Interventions could increase learners’ association of mathematics with female by improving female representation 

and visibility in mathematics and math-intensive STEM fields (e.g., Dasgupta, 2011; Dasgupta et al., 2015). A related 

intervention I am currently researching is the combination of refutation texts with everyday life narratives, targeting 

experiential and socialization aspects of math-gender misconceptions and stereotypes.  

 

Limitations and Further Research 

In this dissertation, I targeted and attempted to narrow different research gaps. In doing so, I constructed 

different measures (Study 1: MGMQ; Study 2; MGMG-s; video task for awareness of math-gender stereotype-

reinforcing behaviors), investigated their relation to the math-gender stereotype and to one another (Study 1, Study2, 

Study 3), and experimentally researched the effects and side effects of an intervention (Study 3). While I addressed 

open questions to specific research gaps in the previous section, there are also overarching, global limitations.  

I conducted all three studies in this dissertation with substantial samples of pre-service and in-service 

teachers. Like other psychology research, I applied convenience sampling (Novielli et al., 2023). Thus, samples are 

likely affected by self-selection. I advertised Study 1 as related to mathematics and gender. While I did not advertise 

mathematics and gender as topics for Study 2 and Study 3, self-selection may have occurred via dropout. All three 

studies in this dissertation were online, which lowers the barrier to dropping out compared to laboratory settings 

(Hoerger, 2010). Once participants identified the topic, they may have dropped out if they disliked it. In Study 3, this 

dropout might, for instance, be responsible for participants’ little variation in negative affect. Participants with strong 

negative affect because of the topic may have dropped out of the study. Affect-driven dropout may have obscured 

the potential role of negative affect of internal and external blame for conceptual change and backfire effects. 

While samples in this dissertation cannot be considered representative, this lowered representativeness may 

have led to underestimating math-gender misconception prevalence, their relationships with other measures, and 

intervention effects rather than overestimating them. Participants who take part in studies dealing with the math-

gender gap, due to the topic’s relation with attitudes (e.g., Study 1; Study 2; Study 3; see also Fiske, 1982), are likely 

open to the topic or interested in it. Accordingly, in Study 1, participants indicated, on average, positive views about 

feminism and a regular engagement with feminism. Interested and open participants might hold fewer math-gender 

misconceptions than the population of teachers they ought to resemble. Fewer misconceptions among participants 

compared to the German teacher population (see also negative misconception scores, Study 1) could contribute to 

underestimating the relationship of misconceptions with other measures like awareness of math-gender stereotype-

reinforcing behaviors (Field, 2024). The correlation was small in Study 2 and insignificant in Study 3. Moreover, in 

Study 3, personalized refutation texts were only more effective than other text types if both math-gender 
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misconceptions had been prevalent in the pre-test, which was the case for about a third of participants. The analyses 

with this subgroup revealing effects regardless highlights the reliability of results. 

In order to improve generalizability, future research could use representative samples or conduct laboratory 

research about math-gender misconceptions without openly advertising the topic to avoid topic-based self-selection. 

This would, however, cause other self-selection biases because busy in-service teachers (Creagh et al., 2023) might 

be unlikely to participate in a study at a university laboratory. In this dissertation, conducting online studies with 

convenience sampling allowed for the assessment of substantial groups of in-service and pre-service teachers, 

yielding final samples between 289 and 336 participants. 

A further limitation of the samples in this dissertation is that, while the research topic was math-gender 

misconceptions, not all participating in-service and pre-service teachers were (future) math teachers. Nevertheless, a 

substantial part of the three study samples were math teachers or pre-service teachers studying mathematics as one 

of their future school subjects. Additionally, I did not find differences regarding math-gender misconceptions between 

math teachers and teachers of other subjects in either of the studies (ps > .05). Similarities in misconception 

prevalence may be due to teachers of all subjects being exposed to the same math-gender stereotypes and potential 

math-gender misconceptions based on shared socialization contexts, such as schools (Wentzel, 2014). In this 

dissertation, I therefore targeted all teachers as influential socializers (Gunderson et al., 2012; Wentzel, 2014), 

potentially conveying their math-gender stereotypes and math-gender misconceptions to their students (e.g., Bian, 

2022; Beilock et al., 2010; Mischel, 1966; see also above). This holds true not only for math teachers but also for 

German teachers. If, for instance, a German teacher states: “Languages may not be for you, but as a boy, you may 

still be good at math,” this would reinforce not only the language-gender stereotype favoring girls (e.g., Retelsdorf et 

al., 2015) but also the math-gender stereotype favoring boys (Gunderson et al., 2012).  

A last limitation regarding the samples is that in all three studies within this dissertation, said samples were 

predominantly female. The gender representation in the study samples does not resemble the gender distribution in 

German society. However, this imbalanced gender distribution, with most participants being female, 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 (Destatis, 2023). 

Furthermore, math-gender misconceptions and awareness of math-gender stereotype-reinforcing behaviors did not 

differ between the genders in either of the studies included in this dissertation (ps > .05). That is likely the case 

because the math-gender stereotype and math-gender misconceptions are, as discussed before, conveyed to all 

members of our society. 

A second important set of limitations concerns measurement and assessment. It is crucial to note that the 

self-constructed measures for math-gender misconceptions and awareness of math-gender stereotype-reinforcing 

behaviors are not comprehensive. They do not capture all possible math-gender misconceptions or every behavior 

that could reinforce the math-gender stereotype in a math classroom. Since research applying similar methods, to 

my best knowledge, is scarce, it is currently not possible to assess a broader spectrum of either math-gender 

misconceptions or awareness of different math-gender stereotype-reinforcing behaviors than those assessed in this 

dissertation. Future research could conduct an updated literature review to identify more math-gender misconceptions 

and expand the math-gender misconception questionnaire. Furthermore, research interested in awareness of math-

gender stereotype-reinforcing behaviors could script and film more classroom videos portraying math-gender 

stereotype-reinforcing behaviors.  
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Another limitation regarding the measurement of math-gender misconceptions, awareness of math-gender 

stereotype-reinforcing behaviors, and the math-gender stereotype are potential order effects influencing their 

manifestation. Such order effects are likely when measuring socially desirable or easily primed constructs, like the 

math-gender stereotype, math-gender misconceptions, and awareness of math-gender stereotype-reinforcing 

behaviors (Agut et al., 2023; Hofmann et al., 2005; van de Mortel, 2008). In Study 2, participants watched a model 

teacher’s math-gender stereotype-reinforcing behaviors before indicating their math-gender stereotype. Being 

confronted with such behaviors may have influenced how male they perceived mathematics when filling in the math-

gender stereotype measure. Moreover, as discussed above, presenting math-gender misconceptions several times in 

Study 3 may have caused familiarity backfire effects for misconceptions and awareness (Lewandowsky et al., 2020).  

For measures that can be easily primed, such as awareness of implicit math-gender stereotype-reinforcing 

behaviors and the explicit stereotype-measure, or measures that are prone to impression management based on social 

desirability, such as self-report measures about the math-gender stereotype or math-gender misconceptions (Agut et 

al., 2023; van de Mortel, 2008), measure order will always matter and may influence outcomes. Future research 

applying these measures should randomize the order of measures to control for such order effects. I have done so in 

a study not included in this dissertation. There, I also measured easily primed constructs influenced by impression 

management, like the explicit and the implicit math-gender stereotype (Dersch et al., submitted). 

A further limitation concerns the intervention I conducted in this dissertation. It did not include a delayed 

post-test. There are mixed findings regarding refutation texts’ stability over time (Zengilowski et al., 2021). Hence, 

it is important to apply a delayed post-test to determine how the effects of a personalized refutation text will develop. 

While some research on long-term conceptual change found backfire effects for refutation texts in a delayed post-test 

(Ferrero et al., 2020), other research finds stable advantages of refutation text over non-refutation text (e.g., Aguilar 

et al., 2020; Asterhan & Resnick, 2020). According to a qualitative study, refutation information can also be food for 

thought or a first nudge, fostering motivation to further engage with a topic, leading to evolving conceptual change 

(e.g., McLure et al., 2020). Theoretical assumptions about conceptual change also propose that conceptual change 

does not occur once at a time. Instead, refutational information can evolve in memory, for instance, by learners being 

continuously more successful at inhibiting a misconception while improving at activating the ‘correct’ alternative 

conception (Kendeou & O’Brien, 2014). Similar positive long-term effects might occur for attitudes. Hence, effects 

on the math-gender stereotype, if any, might only be detectable in the longer run. Therefore, future research should 

assess the long-term effects of personalized refutation texts on teachers’ conceptual change and potential attitude 

change via delayed post-testing, especially for topics entrenched with attitudes, such as math-gender misconceptions 

with the math-gender stereotype. 

Apart from the above-discussed limitations of this dissertation, an important topic has remained out of the 

scope of this research. Besides the math-gender misconceptions researched in this dissertation, other misconceptions 

are potentially associated with stereotypes, calling for research on whether associations between stereotypes and 

misconceptions are generalizable for other topics. One example is the math-race stereotype, associating mathematics 

with Whites and East Asians but not with Latinx and Black people (e.g., Starr, 2025). The intersectionality of different 

stereotypes, meaning people belonging to more than one minority group (e.g., Muslim and female) and therefore 

being stereotyped by different, sometimes overlapping, adverse stereotypes, should furthermore be considered in 

future research (Keller et al., 2023; Yuval-Davis, 2006). 
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Conclusion and Implications for Practice 

The problem of female underrepresentation in mathematics is still an important problem to be solved due to 

its negative impact on women who miss important career chances (Corbett & Hill, 2012; Good et al., 2012) as well 

as on society, which misses potentially qualified workers in mathematics and math-intensive STEM fields (Dasgupta, 

2011). I aimed to contribute to ‘solving this gender equation’ by identifying and measuring math-gender 

misconceptions in teachers as important socializers. I repeatedly found math-gender misconceptions prevalent among 

pre-service and in-service teachers (Study 1; Study 2; Study 3). I also found them related to awareness of math-gender 

stereotype-reinforcing behaviors (Study 2), calling for interventions targeting math-gender misconceptions to 

potentially improve awareness. Therefore, I tested personalized refutation texts as an intervention. They delivered 

short-term effects in reducing teachers’ math-gender misconceptions. In order to determine their long-term effects, 

delayed post-tests are necessary. Furthermore, future interventions should expand the beneficial effects of digital 

learning settings by applying more adaptivity. To prevent familiarity backfire effects, they could, for instance, adapt 

the text type a learner receives to their misconceptions, only presenting a refutation text if necessary (see Dersch et 

al., 2022a). Adaptivity could also be applied to learners’ attitudes related to a topic, presenting ‘softer’ concessive 

refutation texts if learners hold strong negative attitudes about a topic. Digital interventions, apart from allowing for 

personalization and adaptivity, allow reaching many teachers as influential socializers with busy schedules (Creagh 

et al., 2023; Gunderson et al., 2012), which is a further benefit of such interventions. 

While personalized refutation texts did not reveal a direct effect reducing the math-gender stereotype, the 

successful refutation of math-gender misconceptions might ultimately reduce the math-gender stereotype since 

debunking math-gender misconceptions subtracts an upholding factor from the ‘gender equation’ (see also Girelli, 

2023; Rubel et al., 2024). Furthermore, personalized refutation texts targeting teachers’ math-gender misconceptions 

are not the only intervention to improve female representation in mathematics (see Priyashantha et al., 2021). Instead, 

refuting teachers’ math-gender misconceptions could and should be one puzzle piece in a set of interventions. Such 

a set of interventions may consist of informing affected students about the existence of the math-gender stereotype 

and its impact on education (Peretz-Lange et al., 2021; Vasilyeva et al., 2018), targeting and trying to reduce students’ 

math-gender stereotype (Zhao et al., 2018), and of increasing subjective task value for mathematics in female learners 

(Gaspard et al., 2015). Interventions may also reduce the adverse effects of the math-gender stereotype via protective 

social factors, like female peers, female mentors, and female role models in mathematics and other math-intensive 

STEM fields (Dasgupta, 2011; Dasgupta et al., 2015; Dennehy & Dasgupta, 2017; Young et al., 2013). All these 

interventions potentially increase female representation in mathematics in the long run. Due to the global nature of 

the math-gender stereotype (e.g., Greenwald et al., 2002), these interventions should be combined to have a potential 

impact. Due to the math-gender stereotypes’ self-perpetuating nature (e.g., Eagly & Koenig, 2021; Haines et al., 

2016), meaningful effects on its reduction might only be visible in future generations. Given the beneficial impact 

reducing the math-gender stereotype may hold (Corbett & Hill, 2012; Dasgupta et al., 2011; Good et al., 2012), these 

efforts are worth it. 
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Abstract 

The stereotype of math being male-typed prevails, also among teachers. This math-gender stereotype is 

related to math-gender misconceptions, which are scientifically incorrect specific theories about girls’ math 

abilities (e.g., girls inherently think less systematically and hence have lower math abilities than boys). Teachers 

can contribute to the manifestation of the math-gender stereotype via their implicit or explicit behaviors (e.g., the 

selection of stereotyped learning materials).  

Here, we researched teachers’ awareness of math-gender stereotype-reinforcing behaviors in scripted 

classroom videos. In an online experiment, we randomly assigned 278 participating teachers to videos with a 

female vs. male model teacher’s math-gender stereotype-reinforcing behaviors. We instructed participants to 

evaluate the model teacher’s teaching behaviors.  

Few teachers were aware of implicit math-gender stereotype-reinforcing behaviors; most were aware of 

explicit math-gender stereotype-reinforcing behaviors. Teachers were more aware of the male model teacher’s 

than of the female model teacher’s math-gender stereotype-reinforcing behaviors. If model gender and observer 

gender aligned, this improved awareness. Awareness of math-gender stereotype-reinforcing behaviors was not 

related to the math-gender stereotype. Awareness was related to math-gender misconceptions: Participants who 

agreed less with scientifically incorrect theories about girls’ lower inherent math abilities were more aware of 

math-gender stereotype-reinforcing behaviors.  

The findings of low awareness of implicit math-gender stereotype-reinforcing behaviors call for teacher 

training to improve teachers’ awareness in the classroom.  

| 

Keywords: teacher education; classroom videos; math-gender stereotype; teacher noticing; psychology 

misconceptions  
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Introduction 

Envision a math lesson in 7th grade. The students practice fractional arithmetic. The teacher stands before 

the class with the open textbook and says, "This task about Mr. Meier, the road engineer, is quite good. Let’s work 

with this one. He needs 14 tons of tar and 300 kilograms of concrete for his construction site. How many tons of 

concrete does he need, then? The result as a fraction, please ..." The teacher points in Thomas’ direction: "Yes, 

Thomas, please." "  
3

10
 tons of concrete," Thomas answers. "That is correct," the teacher states. "I’ve thought of a 

similar task for you: Mrs. Schäfer goes to the market. For her cake recipe, she needs needs 
1

3
  kilograms of apples 

and 
1

2
 kilograms of flour. How many grams does she need of each?"  

Tasks like this commonly appear in learning materials such as math textbooks. Learning materials have 

more male than female protagonists, and male protagonists are more often portrayed via their mathematical or 

STEM profession (Jehle et al., 2024; Kerkhoven et al., 2016; Moser & Hannover, 2014; Nandi et al., 2024). Such 

portrayal of the genders potentially reinforces the common math-gender stereotype of math being male-typed 

(Moser & Hannover, 2014). Most teachers are neither responsible for textbook content nor for selecting textbooks 

for their students. However, teachers should be more aware of these representational issues. In that case, they 

might be more likely to select textbook tasks that do not reinforce the math-gender stereotype among students in 

the way described above (see also Duguid & Thomas-Hunt, 2015). 

The math-gender stereotype often contains incorrect theories about inherent ability differences between 

the genders, meaning math-gender misconceptions (Dersch et al., 2022a). Such beliefs are detrimental to female 

representation in mathematics and other STEM careers (Eccles, 2011; Girelli, 2023; Gunderson et al., 2012; Hand 

et al., 2017; Wang & Degol, 2017). If asked directly, nowadays, teachers report only a few explicit math-gender 

misconceptions or math-gender stereotypes (e.g., Dersch et al., 2022a). However, does this mean that teachers are 

aware of classroom behaviors like the task selection above that more or less explicitly reinforce the math-gender 

stereotype? This is the focus of the present research.  

In prior research, classroom videos have been used to assess teachers’ awareness of functional teaching 

strategies (Kersting et al., 2012). Similarly, we used scripted classroom videos of a female vs. male model teacher 

expressing math-gender stereotype-reinforcing behaviors (e.g. selecting stereotypical textbook tasks, like in the 

top example) to assess (1) awareness of math-gender stereotype-reinforcing behaviors, (2) the role of participant 

and model teacher gender regarding awareness of such behaviors and (3) the relation of awareness of math-gender 

stereotype-reinforcing behaviors to math-gender stereotype and math-gender misconceptions.  
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The Math-gender Stereotype and Math-gender Misconceptions 

Stereotypes are part of attitudes and are – to some extent collectively shared – beliefs about people based 

on their affiliation with particular social groups (Greenwald et al., 2002). Stereotypes are a type of cognitive 

schema (Fiske, 1982). Stereotyping can help structure perception and cognitive offloading (Fiske, 1982). However, 

stereotypes are sets of rigid, over-simplified, and over-generalized beliefs that influence the perception of those 

holding the stereotype and, hence, influence the social group affected by the stereotype (Ashmore & Del Boca, 

1979; Klineberg, 1951). A prominent example is the math-gender stereotype, which is a set of over-simplified or 

overgeneralized beliefs of girls having weaker mathematical abilities than boys because of their gender (Dersch et 

al., 2022a), is prevalent among most Western societies (Nosek & Smyth, 2011; Wang & Degol, 2017). Stereotypes 

about math and other STEM subjects prevail and predict low female representation in said areas (Hand et al., 2017; 

Nosek & Smyth, 2011). The math-gender stereotype itself contributes to this low female representation in 

mathematics and STEM, for example, by negatively influencing female learners’ identification with math 

(Cvencek et al., 2012; Greenwald et al., 2002) or by reducing subjective task value and expectancy of success in 

math (Eccles, 2011). These mechanisms then contribute to female learners being less likely to make achievement-

related choices in favor of mathematics (e.g., Eccles, 2011; Eccles & Wigfield, 2024; Wang & Degol, 2017).  

Stereotypes, according to most definitions, are sets of beliefs (Ashmore & Del Boca, 1979). Apart from 

reflecting the social reality of lower female representation in mathematics (e.g., Jussim et al., 2005; Kahn & 

Ginther, 2017), these beliefs can also contain specific, scientifically incorrect, or empirically unsupported 

knowledge theories, that is, misconceptions. Misconceptions are subjective theories incompatible with empirical 

evidence while appearing highly plausible (Hughes et al., 2013). Prior research has found particular support for 

the presence of two math-gender misconceptions of (1) empathizing-systemizing and (2) girls’ compensation 

(Dersch et al., 2022a).  

(1) According to empathizing-systemizing, higher prenatal testosterone exposure in boys fosters their 

systematic thinking in opposition to girls’ rather empathic thinking. According to this misconception, the higher 

systemizing-to-empathizing ratio in boys leads to more inherent math talent (e.g., Baron-Cohen, 2005). First, this 

misconception assumes empathetic and systematic thinking to be dualities when, in fact, both relate to general 

intelligence (Gottfredson, 1998; Martingano & Konrath, 2022). Second, this misconception assumes an influence 

of systematic thinking abilities on mathematical talent. Such an influence could, however, not be proven (Escovar 

et al., 2016). 

(2) The second misconception of girls’ compensation assumes that girls are more diligent than boys and 

that this diligence leads to girls’ good grades in math. In contrast, boys achieve similar grades with less effort 
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because they are more talented in math. While research finds girls to be more diligent than boys in math, this 

diligence leads to better grades (Duckworth & Seligman, 2006). Furthermore, since girls do not inherently lack 

mathematical talent (Girelli, 2023; Kersey et al., 2019; Lachance & Mazzoco, 2006; Lindberg et al., 2010), 

compensation for lacking mathematical talent is inconclusive.  

In a prior study, these math-gender misconceptions were prevalent among pre-service teachers and 

correlated moderately positively with the explicit math-gender stereotype (Dersch et al., 2022a). Findings suggest 

that math-gender misconceptions are closely related to the math-gender stereotype but a distinct construct. Various 

research has furthermore provided evidence for different manifestations of the math-gender stereotype among pre-

service and in-service teachers (Authors, submitted; Avitzour et al., 2020; Cimpian et al., 2016; Dersch et al., 

2022a; Gunderson et al., 2012; Holder & Kessels, 2017; Riegle-Crumb & Humpries, 2012; Robinson-Cimpian et 

al., 2014; for a literature review, see Li, 1999). Furthermore, various studies show relations between teachers’ and 

students’ math-gender stereotype and (e.g., Gunderson et al., 2012; Beilock et al., 2010; Keller, 2001; Starr & 

Simpkins, 2021). These relations might be due to teachers’ math-gender stereotype-reinforcing behaviors. 

Math-gender Stereotype-reinforcing Behaviors in Teachers  

To our knowledge, there is little research on teachers’ exact math-gender stereotype-reinforcing behaviors 

and to what extent they are expressed since such behaviors are unlikely to be reported in self-report measures due 

to low social desirability of behaving math-gender stereotype-reinforcing (Agut et al., 2023; van de Mortel, 2008), 

and unlikely to be shown in observational settings due to increased self-awareness in such settings (e.g., Gartmeier, 

2014). There are, however, several assumptions about how the math-gender stereotype may be conveyed from 

teachers to their students, for instance, via implicit learning (Beilock et al., 2010), model learning (Bandura, 1977a; 

1977b; 1986), or operant conditioning (Mischel, 1966). Furthermore, most female students report confrontations 

with the math-gender stereotype (Becker & Hall, 2024; Grossman & Porche, 2014) – to a substantial extent by 

teachers (Leaper & Brown, 2008; Kurtz-Costes et al., 2014). Teachers can reinforce the math-gender stereotype 

implicitly, for instance, by selecting gender-biased learning materials, which are still commonly found in math 

textbooks (Jehle et al., 2024; Kerkhoven et al., 2016; Nandi et al., 2024). Representations of textbook protagonists 

function as role models (Moser & Hannover, 2014). Therefore, textbook tasks, which portray mostly men in math-

related jobs, lead to girls lacking gender-similar role models. As model-observer-similarity increases the 

observers’ self-efficacy (Bandura, 1977a; 1986), the lack of gender-similar models for girls in mathematics or 

other STEM areas may lead to girls being less likely to perceive these areas as potential careers, which contributes 

to the low female representation in mathematics.  
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Furthermore, differences in how teachers praise girls and boys in math can reinforce math-gender 

stereotypes (Corpus & Lepper, 2007; Gunderson et al., 2012). A teacher praising girls exaggeratedly for simple 

tasks while not praising boys the same way might suggest that the teacher ascribes girls’ lower (inherent) abilities 

than boys. While taking the boys’ good performance for granted – likely attributing it to the boys’ talent (Sáinz et 

al., 2020; Tiedemann, 2002) – they reinforce the girls’ presumed high(er) effort with strong praise. Through the 

lens of self-fulfilling prophecies, female learners, due to such potential differences in praise, may adopt the 

perspective of having weaker math abilities and consider themselves less likely to succeed in math (Jamil et al., 

2018). Hence, exaggerated praise for female learners’ math performance might reduce female learners’ success 

expectancy and, therefore, motivation (Eccles & Wigfield, 2024).  

Research on explicit math-gender stereotype-reinforcing statements is even more scarce. However, such 

explicit statements might still happen (Leaper & Brown, 2008; Kurtz-Costes et al., 2014). Furthermore, especially 

for such explicit statements, it would be crucial for teachers to be able to detect and critically evaluate them. 

Altogether, it would be helpful for teachers to be aware of potential math-gender stereotype-reinforcing behaviors. 

Such awareness might prevent teachers from behaving that way themselves. Furthermore, it may help teachers to 

detect and critically evaluate such math-gender stereotype-reinforcing behaviors in students or former teachers. 

It, therefore, would be helpful to measure teachers’ awareness of math-gender stereotype-reinforcing 

behaviors. Previous studies on teachers’ gender awareness in mathematics and science teaching have applied case 

vignettes for this purpose (e.g., Atanasova et al., 2024). However, unlike a realistic classroom situation, case 

vignettes explicitly describe implicit behaviors. For instance, a difference in tone of voice has to be described 

explicitly in the vignette; otherwise, it cannot be included. Furthermore, case vignettes can be re-read several 

times, which allows for the detection of aspects of the vignette that would have otherwise gone unnoticed. These 

two aspects affect case vignettes’ ecological validity. Therefore, teachers’ awareness of the abovementioned math-

gender stereotype-reinforcing behaviors could be better researched using more ecologically valid measures, for 

example, classroom videos. 

Studying Teachers’ Awareness of Math-gender Stereotype-Reinforcing Behaviors  

The Use of Classroom Videos 

Classroom videos can bridge the theory-practice gap by allowing for the application of professional 

knowledge in authentic settings (Augsdörfer & Casper, 2018; Augsut et al., 2018; Seidel et al., 2013). As artifacts 

from practice, they can stimulate teachers’ reflections about their own teaching practice (Grossman, 2011). 

Additionally, classroom videos can assess teachers’ noticing, awareness, or informed reasoning (Bergin et al., 

2017; Chan et al., 2021; Kersting et al., 2012). Teacher noticing, for instance, is defined as the combination of (1) 
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selected attention and (2) interpretation in the framework of one’s professional knowledge (Chan et al., 2021). 

This definition is in line with the finding that teachers’ awareness of certain teacher behaviors and teaching 

strategies in classroom videos is related to their teaching knowledge when asking viewers to (1) detect and (2) 

critically evaluate suboptimal teacher behaviors and teaching strategies (Kersting et al., 2012). Although both 

noticing and awareness include detection and interpretation, teacher noticing focuses on student behavior, and 

teacher awareness focuses on teacher behavior.  

In classroom video research, both recorded probes of real lessons (Chan et al., 2021) and, more rarely, 

scripted classroom videos are used to diagnose teacher noticing or awareness (Gartmeier, 2014). Advantages of 

the latter approach are: First, scripted classroom videos allow showing behaviors that are difficult to record 

(Gartmeier, 2014), in the case of teachers’ math-gender stereotype-reinforcing behaviors possibly due to high self-

awareness when being filmed in combination with low social desirability of such behaviors. Second, scripted 

videos allow for the depiction of suboptimal behaviors and teaching strategies without exposing the depicted 

individuals. Such depictions of suboptimal behaviors, like math-gender stereotype-reinforcing behaviors, can be 

of educational value by asking viewers for better behaviors or teaching strategies (Gartmeier, 2014). Third, scripted 

videos allow for standardization in experimental settings, using the same video scripts and experimentally varying 

other aspects of the video, like the model teacher and their gender. Hence, in our study, we use scripted classroom 

videos to use these advantages. Since previous classroom video research has not researched the effects of gender 

on noticing, awareness, or informed reasoning, we study the influence of model teacher gender, participant gender, 

and model-observer-gender-similarity. 

Model Teacher Gender and Participant Gender in Classroom Videos 

Because people socialized as female are more likely to have experienced more discrimination based on 

the math-gender stereotype than those socialized as male (e.g., Becker & Hall, 2024; Grossman & Porche, 2014; 

Wang & Degol, 2017), awareness of behaviors that reinforce the math-gender stereotype might be higher among 

women than among men. Therefore, due to their own experience, women may know that teachers might reinforce 

the math-gender stereotype and how they might do so through their behaviors. Men, on the contrary, might have 

difficulties detecting and critically evaluating math-gender stereotype-reinforcing behaviors, as men might (have) 

benefit(ed) from the math-gender stereotype. Accordingly, people on the more privileged side of a stereotype and 

hence experience its positive consequences, such as males in math, experience difficulties naming and confronting 

it (Scheepers et al., 2009). Accordingly, men are less aware of general gender stereotypes (Becker & Swim, 2011). 

Altogether, different experiences of the genders in educational or math-related contexts may influence 

participants’ awareness of math-gender stereotype-reinforcing behaviors based on their gender. 



     STUDY 2 61 

Additionally, knowledge of the different experiences between the genders might influence how 

participants perceive a male or a female model teacher since prior knowledge influences awareness (Chan et al., 

2021; Kersting et al., 2012; Kim et al., 2020). Based on their potential prior knowledge of the math-gender 

stereotype or math-gender stereotype-related discrimination, participants may perceive men as more likely to hold 

the math-gender stereotype than women. Hence, most people might expect a male (model) teacher but not a female 

(model) teacher to behave in a way that reinforces the math-gender stereotype. Especially female math teachers, 

who have likely overcome gender stereotypical barriers to become math teachers themselves (e.g., Avitzour et al., 

2020; Eccles, 2011; Gunderson et al., 2012; Riegle-Crumb & Humpries, 2012; Robinson-Cimpian et al., 2014; 

Wang & Degol, 2017), might not be expected to reinforce the math-gender stereotype. Hence, participants might 

be more aware of a male model teacher’s math-gender stereotype-reinforcing behaviors than of a female model 

teacher behaving this way.  

Model-Observer-Gender-Similarity 

As gender is a salient social characteristic (Abrams et al., 1990) and an important factor of model-

observer-similarity (Bandura, 1977b), own (participant) gender and a model teacher’s gender corresponding may 

improve awareness of math-gender stereotype-reinforcing behaviors (model-observer-gender-similarity). In 

previous research on instructional videos, model-observer-gender-similarity did not influence knowledge gains or 

comprehension (Hoogerheide et al., 2018). However, as gender is the focus of our current research, and as we 

confront participants with behaviors that might reinforce the math-gender stereotype, model-observer-gender-

similarity will likely matter more than in previous classroom video research. 

Research Questions, Study Overview and Hypotheses 

To our best knowledge, classroom videos have not been used to assess teachers’ awareness of math-

gender stereotype-reinforcing behaviors, which leaves the question of whether they provide additional information 

compared to self-reported questionnaires. They might be beneficial to research the application of (in-)correct 

knowledge (Seidel et al., 2013) and might be less prone to social desirability than self-reports (van de Mortel, 

2008). Further, they may be more ecologically valid than case vignettes (e.g., Atanasova et al., 2024). Hence, this 

study aims to research teachers’ awareness of math-gender stereotype-reinforcing behaviors using classroom 

videos.  

While the role of own gender has been researched in the context of awareness of gender stereotypes 

(Becker & Swim, 2011), such awareness has not been researched for teachers as important socializers in the 

context of the math-gender stereotype that occurs in educational settings (Becker & Hall, 2024; Grossman & 

Porche, 2014). In our study, we use scripted classroom videos portraying a model teacher’s math-gender 
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stereotype-reinforcing behaviors and vary the model teacher’s gender. We further aim to research the effects of 

model teacher gender, participant gender, and their interaction (model-observer-gender-similarity) on awareness of 

behaviors that reinforce the math-gender stereotype. 

To find out which mechanisms and characteristics, apart from the influence of gender, potentially lie behind 

awareness of math-gender stereotype-reinforcing behaviors, we further aim to study the relation of awareness of 

such behaviors with teachers’ math-gender stereotype (the global perception of math as male-typed) and teachers’ 

math-gender misconceptions (concrete, incorrect theories justifying girls’ inherent lower math abilities).  

The hypotheses have been preregistered via ttps://aspredicted.org/18R_7FY. We changed the order of the 

preregistered hypotheses for this manuscript, reported the results of the two methodological hypotheses (researching 

the structure and scales of the questionnaire we used) in the methods section (see Study Instruments. The Math-

Gender Misconception Questionnaire Short Version), and made minimal changes regarding the wording of the 

hypotheses. We did not adapt the content of our hypotheses nor change the preregistered analyses after 

preregistering.  

Preregistered Gender Hypotheses 

Model Teacher Gender Hypothesis 

We expect participants to be more aware of the male model teacher’s math-gender stereotype-reinforcing 

behaviors than of the same behaviors in a female model. 

Observing Teacher Gender Hypothesis 

We expect female participants to be more aware of math-gender stereotype-reinforcing behaviors than 

male participants.  

Model-observer-gender-similarity Hypothesis 

We expect the participating teachers’ genders and the model teacher’s gender to interact regarding 

awareness of math-gender stereotype-reinforcing behaviors. If a participant’s gender is similar to the model 

teacher’s, we assume that this will improve the participant’s awareness. 

Stereotype- and Misconceptions Hypotheses 

Math-gender Misconception Hypothesis 

Math-gender misconceptions correlate negatively with teachers’ awareness of a model teacher’s math-

gender stereotype-reinforcing behaviors. 

Math-gender Stereotype Hypothesis 

The math-gender stereotype correlates negatively with awareness of a model teacher’s math-gender 

stereotype-reinforcing behaviors in math classroom videos. 



     STUDY 2 63 

Methods 

The Local Ethics Committee approved this experiment. We have preregistered the hypotheses and the research 

plan via https://aspredicted.org/18R_7FY" \t "_blank. All research data, including syntax for statistical analyses, 

is publicly available via https://osf.io/eas4c/?view_only=e5bf4721ce8b429fb8055d4ff6518bf1 (converted into a 

doi upon publication of this manuscript). 

Participants and Recruiting 

A total of 278 teachers (169 in-service teachers, 109 pre-service teachers) completed our online 

experiment without missing data (54 identified as cisgender male, 222 identified as cisgender female, two were 

nonbinary, but indicated that they were socialized as female; Mage = 37.01 [SD = 12.23, range = 18 – 67 years]). 

The teachers’ school subjects were mostly German (n = 151) and math (n = 102), followed by other common 

subjects (English, biology, chemistry and physics, politics and economy, philosophy, geography, other 

languages, sports, art, or music). About half of the participants (138; 49.6%) studied or taught at least one STEM 

subject. Many participants studied to teach or already taught at secondary schools (n = 166). Participants from all 

over Germany, Austria, and Switzerland took part in this study.  

The communicated topic of the study was “Classroom Video Analysis”. Participation was possible 

between May and July of 2022. We recruited participants via the German-speaking online newspaper 

News4Teachers, teacher education lectures in different German universities and seminaries, as well as via 

acquaintances. In total, 578 participants gave informed consent and started the study. Of these, 256 dropped out 

immediately, on the study’s first page. Only 44 participants dropped out during the study, which yielded a final 

sample of 278 participants. The experimental condition did not affect dropout (p > .05).  

Design 

This study used a 2x2-(quasi-)experimental design. Participants were randomly assigned to one of two 

conditions for the experimental factor. Either participant watched four classroom videos of a female model teacher 

(n = 148) or a male model teacher (n = 130) expressing math-gender stereotype-reinforcing behaviors. Video 

scripts and the order iof the videos were the same for both conditions (for the Video Scripts, see Appendix A). The 

second (quasi-experimental) factor was the participating teachers’ own gender. We researched the influence of 

both factors on awareness of math-gender stereotype-reinforcing behaviors. 

Furthermore, participants completed a questionnaire on math-gender misconceptions (see Table 1 for the 

misconception items; see Appendix B for the filler items). We also measured participants’ math-gender stereotype 

using two different measures.  

Study Instruments  

https://osf.io/eas4c/?view_only=e5bf4721ce8b429fb8055d4ff6518bf1
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The Video Task 

Before watching the videos, participants read instructions to watch four short classroom videos of a math 

lesson and analyze the model teacher’s behaviors and their teaching strategies in each video. Participants did not 

know that math-gender stereotype-reinforcing behaviors would be shown. Like in these short videos, real-life 

behaviors require teachers’ awareness to detect and critically evaluate them without prior warnings or hints. We 

filmed the videos in a 7th-grade classroom of a German secondary school with real teachers and real students who 

acted according to the video scripts (for scripts, see Appendix A). After filming the videos, we debriefed the 

students and their teachers. We then conducted a workshop about the math-gender stereotype with the students, 

discussing their own experiences with teachers’ math-gender stereotype-reinforcing behaviors and math-gender 

stereotyped learning materials, and presenting data on gender similarities in mathematics. We furthermore 

compensated the class with 150 €, contributing to their next class trip.  

Each classroom video was between 0:12 and 2:10 minutes long and presented on a separate page. Each 

classroom video showed a model teacher’s math-gender stereotype-reinforcing behaviors. All participants watched 

the videos in the same order because the math-gender stereotype-reinforcing behaviors increased in explicitness 

from videos 1 and 2 (implicit math-gender stereotype-reinforcing behaviors) to videos 3 and 4 (explicit math-

gender stereotype-reinforcing behaviors). Specifically, in the first video, the model teacher selected and made up 

their own math-gender stereotype-reinforcing learning materials (see the example from the introduction. In the 

second video, the model teacher systematically praised girls exaggeratedly for easy math tasks and praised boys 

less but appropriately for more complex math tasks. In the third classroom video, the teacher addressed only the 

boys when motivating their students for a comparative assessment between classes. In the fourth video, the model 

teacher stated that comparing girls and boys in math was unfair. We based these videos on prior empiric findings 

and theoretical assumptions about math-gender stereotype-reinforcing behaviors (e.g., Becker & Hall, 2024; 

Corpus & Lepper, 2007; Eccles, 2011; Gunderson et al., 2021; Jamil et al., 2018; Jehle et al., 2024; Kerkhoven et 

al., 2016; Moser & Hannover, 2015; Nandi et al., 2024). Each video contained distractors; for example, the model 

teacher used a random number generator to pick students from the class and answer their questions. Participants 

could watch each video only once, but they could pause it as often as they wanted. Like this, we aimed at providing 

ecological validity since real-life behavior can also only be observed once while avoiding participants experiencing 

time constraints while commenting on the videos and the behaviors they observed. Participants could already 

answer the open question during video presentation: "List any relevant teaching strategies and teacher behaviors 

you notice. Which of these behaviors and strategies would you adopt and which not? Give a brief explanation."  
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First, we measured teachers’ detection of math-gender stereotype-reinforcing behaviors (1 = detection; 0 = non-

detection). Detection was coded if teachers named the math-gender stereotype-reinforcing behavior explicitly as 

such or if the teacher’s answers described the math-gender stereotype-reinforcing behaviors. Second, we coded 

participants’ critical evaluation of math-gender stereotype-reinforcing behaviors (-3 to +3). Participants scored a 

minimum of -3 if they evaluated the math-gender stereotype-reinforcing behaviors positively for strong (math-

)gender stereotypical reasons, providing more than one argument. Participants scored -2 if they evaluated the math-

gender stereotype-reinforcing behaviors positively for weaker (math-)gender stereotypical reasons providing one 

argument. Participants scored -1 if they evaluated the math-gender stereotype-reinforcing behaviors positively, 

unrelated to the math-gender stereotype, or without reason. Participants scored a zero if they did not critically 

evaluate the math-gender stereotype-reinforcing behaviors. Participants scored a +1 if they evaluated the math-

gender stereotype-reinforcing behaviors negatively unrelated to the math-gender stereotype or without reason. 

Participants scored +2 if they evaluated the math-gender stereotype-reinforcing behaviors negatively, arguing with 

the math-gender stereotype. Participants scored a maximum of +3 if they critically evaluated the math-gender 

stereotype-reinforcing behaviors, arguing with the math-gender stereotype and discussing negative consequences 

for female students. Half points were possible (for example answers with coding, see Appendix C).  

We summed detection (range: 0 to 1) and critical evaluation (range: -3 to +4) up to awareness, as they 

were neither entirely dependent nor fully independent. For instance, even without detecting a math-gender 

stereotype-reinforcing behavior, participants may have evaluated it positively (e.g., by suggesting that the selection 

of [the math-gender stereotype-reinforcing] tasks in the video was positive because the tasks’ content was close to 

students’ day-to-day lives). Such an answer would have received a 0 in detection and -1 in critical evaluation. See 

Appendix C, for example answers, their scoring and reason for each scoring. See Table 2 for descriptive statistics 

for detection, critical evaluation, and awareness regarding each video.  

Two independent raters quantified participants’ open answers. Both raters had a degree in psychology 

and substantial knowledge about the math-gender stereotype. Both raters were blinded for conditions. The first 

rater quantified 100 % of all answers regarding the detection and critical evaluation of math-gender stereotype-

reinforcing behaviors, and the second rater quantified about 30 % of the answers to assess interrater reliability. 

Interrater reliability of awareness was good, κCohen = .77, z = 29, p < .001 (Altmann, 1990).  

As the participants were asked to mention and explain every behavior and teaching strategy in the model 

teachers, their answers included information irrelevant to the topic of the math-gender stereotype and thus not 

analyzed here.  
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Follow-up Questions on the Video Analysis. We included follow-up questions after the video analysis to (a) 

check if randomization worked and (b) account for differences in the model teachers that we could not control to 

be similar, such as the model teachers’ age. We could also identify covariates to include in our analyses to reduce 

error variance by statistically controlling for differences (see also Preliminary Analyses).  

First, participants reported their active and passive mental effort (Klepsch & Seufert, 2021) because active 

mental effort can vary in onscreen activities like this experiment (e.g., Rieh et al., 2012; Sidi et al., 2016). Then, 

participants answered to which degree the model teacher’s characteristics, ethnicity, age, attitude, and gender 

attracted their attention on a six-tier Likert scale from not at all to very much. To avoid positioning effects, these 

questions on the model teacher’s characteristics were presented in a randomized order for each participant. For all 

follow-up questions, see Appendix D. 

The Math-Gender Misconception Questionnaire Short Version  

We assessed teachers’ misconceptions with a short version of the Math-Gender Misconceptions 

Questionnaire (MGMQ-s; see Table 1 for the misconception items). For the new, short version of the MGMQ, we 

used the two scales most strongly correlated to the math-gender stereotype and measured the two most prevalent 

math-gender misconceptions (empathizing-systemizing and girls’ compensation; Dersch et al., 2022a). We 

shortened the 5-item scales by one item each due to substantial content overlap and used the four items with the 

most potent discriminatory power. Hence, the MGMQ-s consisted of 16 items, eight misconception items (4 per 

scale), and eight filler items (see Appendix B). An example item for the empathizing-systemizing misconception 

was “As girls think rather empathically and boys think rather systematically, boys are on average more talented in 

mathematics than girls.” An example item for the girls’ compensation misconception was “For the same grades in 

mathematics, boys, on average, work less hard than girls, as boys have more natural talent.” As all misconception 

items described scientifically incorrect statements, the correct answer was to disagree with them. Filler items 

described true statements about the math-gender gap, such as “Amongst girls, math is more disliked than amongst 

boys.” For the filler items, the correct answer was to agree with them. They served to balance the questionnaire 

and to minimize response biases (Moosbrugger & Kelava, 2012; cf. Eitel et al., 2021). Filler items were not 

analyzed here. Items were presented in a newly randomized order for each participant to control for positioning 

effects.  

Like in the MGMQ, participants first indicated for each item if the statement was correct or incorrect on 

a dichotomous scale (i.e., agreement). Then, participants indicated their certainty regarding the (in-)correctness of 

said statement on a five-point Likert scale from absolutely uncertain to absolutely certain (i.e., certainty). We then 

calculated misconception scores with the eight misconception items by multiplying agreement (coded with +1) / 
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disagreement (coded with -1) and response certainty (coded from 0 = very uncertain to 4 = very certain). Stronger 

endorsement of a misconception reflects in larger misconception scores (see Table 1 for descriptive values; c.f., 

Dersch et al., 2022a).  

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 (Eitel 

et al., 2024). In the preregistered hypotheses about the validation of the questionnaire, we had expected the 

MGMQ-s’ data to fit a two-factor model of math-gender misconceptions (empathizing-systemizing, girls’ 

compensation) which was supported by the analyses, CFI = .977, RMSEA = .060, SRMR = .039, χ2= 43.46, df = 

19, p = .001, χ2/df = 2.29. On the level of local model fit, factor loadings were all significant (all ps < .01) and 

ranged between .40 and .80.  

Scale reliabilities were good for empathizing-systemizing (ω = .88) and acceptable for girls’ compensation (ω = 

.70); for both scales combined, reliability was good (ω = .89). 2 

Math-Gender Stereotype Measures 

Participants first indicated how female-to-male they perceived math from 1 (very female) via 5 (neutral) 

to 9 (very male) (Dersch et al., 2022a; Nosek et al., 2010; Steffens & Jelenec, 2011). The second measure was 

giftedness-difference (Steffens & Jelenec, 2011). Participants rated the giftedness of boys/girls for math (“Boys 

(girls) are often talented for doing math”) on a five-tier Likert-scale from do not agree at all to completely agree. 

We subtracted the girls’ giftedness rating in math from the boys’ giftedness rating, with a positive higher value 

indicating a stronger math-gender stereotype in favor of boys (possible range of -4 to 4; see Steffens & Jelenec, 

2011). The two measures were related with a medium effect (r = .37, p < .001).  

Demographics and Other Measures 

We asked for participants’ demographics such as age, sex assigned at birth, gender they were socialized as, 

gender they identify with, native language, teaching (or study) subjects, school type they will work at or already 

                                                 
2 We used R (R Core Team, 2017; version 3.6.23) with the psych package (version 2.4.4) for reliability analyses 

(Revelle, 2017; Revelle & Condon, 2019) and the lavaan package (version 0.6-17) for confirmatory factor analyses (Rosseel, 

2012). We used maximum likelihood estimation with robust standard errors (MLR) to handle our interval data with moderate 

deviations from the normal distribution (Li, 2016). For global model fit, we applied the following criteria: a CFI (comparative 

fit index) value equal to or higher than .95, a root mean square error of approximation (RMSEA) smaller than .06 (Hu & 

Bentler, 1999), standardized root mean square residual (SRMR) smaller than or equal to .07 (Yu, 2002). Instead of the χ2-test, 

which describes the discrepancy between the data and the model (Hu & Bentler, 1999), rewarding complex models (West et 

al., 2012), we rely on the χ2/df-ratio being smaller than 5.0, since this measure penalizes model complexity (Wheaton et al., 

1977). Regarding local model fit, the fully standardized factor loadings should be statistically significant (p < .05) and higher 

than .30 (Nunnally, 1978). For robust reliability estimation, we calculated McDonald’s omega (ω) (Deng & Chan, 2017). 

McDonald’s omega is acceptable at around 0.70 (Nunnally, 1978). higher than .30 (Nunnally, 1978). For robust reliability 

estimation, we calculated McDonald’s omega (ω) (Deng & Chan, 2017). McDonald’s omega is acceptable at around 0.70 

(Nunnally, 1978).  
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work at, and semesters studied as well as their practical experience in teaching. Additionally, we asked for prior 

occupation with the math-gender stereotype and gender stereotypes in general.  

Procedure 

After clicking the survey link, participants gave informed consent and were randomly assigned to one of 

two experimental conditions. Participants watched four videos – one video at a time – of a (male or female) math 

teacher model’s math-gender stereotype-reinforcing behaviors in different classroom situations. They were asked 

to analyze the teacher’s behaviors and teaching strategies. The videos were always in the same order, starting with 

the video depicting the most implicit math-gender stereotype-reinforcing behaviors and ending with the video 

depicting the most explicit math-gender stereotype-reinforcing behaviors. Then, participants answered the follow-

up questions about the videos. After that, they reported their math-gender misconceptions and the math-gender 

stereotypes. Finally, participants filled in their demographics and indicated that they had already engaged with the 

topic of (math-)gender stereotypes. After participation, we thanked the participants and provided a full debriefing. 

Participants took, on average, 28:12 minutes (Median). 

Analyses 

We used IBM SPSS statistics, version 26, for data preprocessing and analyzing our main hypotheses 

(Gender Hypotheses and Misconceptions- and Stereotype Hypotheses). For those hypotheses, we conducted 

ANCOVAs and Pearson correlations.  

Results 

Teachers’ Math-Gender Stereotypes, Math-Gender Misconceptions and Awareness of Math-gender 

Stereotype-reinforcing Behaviors 

Teachers’ Math-gender Stereotype 

On average, participants rated math to be rather male (9) than female (1) (M = 5.41, SD = 0.75). A one-

sample t-test against the scale-mean of 5 = neutral, revealed a medium math-gender stereotype in favor of boys 

on this measure, t(277) = 9.00, p < .001, dCohen = 0.54 (medium effect; Cohen, 1988). Participants on average 

indicated slightly higher giftedness-ratings for boys than for girls, leading to a positive, but low giftedness-

difference value (M = 0.10, SD = 0.79; see also Steffens & Jelenec, 2011). A one-sample t-test against 0 = no 

talent difference, revealed a small but significant math-gender stereotype in favor of boys on this measure, t(277) 

= 2.05, p = .041, dCohen = 0.12 (Cohen, 1988). 

Teachers’ Math-gender Misconceptions  

On average, participants did not hold strong math-gender misconceptions according to the general 

misconception score (M = -1.65, SD = 1.60). However, agreeing to one incorrect misconception-item per scale 
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with a relatively high certainty (certain or very certain) already implies that participants hold a mixed (mis-

)conception (e.g., “While Julia is really talented for math, since she is the best of the course, the other girls still 

lack innate talent because of their gender.”). Mixed (mis-)conceptions still require conceptual change (Vosniadou, 

1994; Dersch et al., 2022a; 2022b). We found that 35.3 % of participants had (at least) mixed (mis-)conceptions 

on at least one of the two misconceptions. As expected and similar to previous research (Dersch et al., 2022a), we 

found that math-gender misconceptions correlated with both math-gender stereotype measures with a medium 

effect: (1) the math-female-to-male rating: r = .33, p < .001, (2) the math-talent-difference measure: r = .40, p 

<.001.  

Teachers’ Awareness of Math-gender Stereotype-Reinforcing Behaviors 

The first two videos contained implicit math-gender stereotype-reinforcing behaviors: Only 1.8 % of all 

participants detected the math-gender stereotype-reinforcing behaviors in the first video, and 4.7 % detected it in 

the second video. The explicit math-gender stereotype-reinforcing behaviors in videos 3 and 4 were detected by 

64.4 % and 93.9 % of all participants (see also Table 2). Accordingly, we found low awareness of implicit math-

gender stereotype-reinforcing behaviors (first two videos; M = 0.02, SD = 0.64, on a possible scale of -3 to +4) 

and medium awareness of explicit math-gender stereotype-reinforcing behaviors (last two videos, M = 2.23, SD = 

1.02, on a possible scale of -3 to +4).  

Gender Hypotheses 

Preliminary Analyses 

The dependent variable of awareness of math-gender stereotype-reinforcing behaviors was approximately 

normally distributed.  

Participants’ gender, STEM profiles and school types as well as the status of being pre-service teacher 

versus in-service teacher, and German as native language were all equally distributed among the female and male 

model teacher conditions (ps > .05). The conditions did not differ in participants’ age nor teaching experience (ps 

> .05). Furthermore, the conditions did neither differ in their prior occupation with the math-gender stereotype nor 

with gender stereotypes in general (ps > .05). These preliminary results imply that random condition assignment 

was successful. Technical difficulties were also reported to an equal extent in both groups (p > .05). For descriptive 

values, see Table 3. 

Participants’ active mental effort did not differ between the groups, t(276) = -0.42, p = .674, while it 

correlated with the dependent variable (r = .15, p = .014). This suggests that the intervention did not trigger 

differences in invested mental effort, but that differences in mental effort influenced awareness as the dependent 

variable. A large variety in mental effort is likely in online- or on-screen activities, such as this online experiment 
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(Rieh et al., 2012; Sidi et al., 2016). Therefore, we included mental effort as a covariate to reduce error variance 

(Field, 2024; Taylor & Innocenti, 1993). We also compared participants’ perceptions of the model teacher’s age, 

ethnicity, and attitude between the two conditions. Apart from the model teacher gender, which we had 

manipulated, we found only the model teachers’ perceived attitude to differ significantly between conditions, 

t(276) = -2.84, p = .005, and to correlate with awareness of math-gender stereotype-reinforcing behaviors (r = .13, 

p = .030). All the other characteristics did neither differ between groups (all ps > .05), nor correlate with the 

independent variables, meaning model teacher gender and participant gender (all ps > .05). Hence, we included 

the model teacher’s attitude as a second covariate to statistically control for perceived differences in attitude 

between the two model teachers. 

Model Teacher Gender Hypothesis 

As expected, we found that participants were more aware of math-gender stereotype-reinforcing 

behaviors if expressed by a male (M = 1.31, SD = 0.65) than by a female model teacher (M = 0.96, SD = 0.60), F 

(1, 272) = 23.06, p < .001, η² = .08, with a medium effect. 

Observing Teacher Gender Hypothesis 

Contrary to our expectations, female participants (M =1.13, SD = 0.65) did not show a higher awareness 

of math-gender stereotype-reinforcing behaviors than male participants (M =1.13, SD = 0.65), F (1, 272) = 0.31, 

p = .581. 

Model-observer-gender-similarity Hypothesis 

Additionally, we expected that if a participant’s gender was similar to the model teacher’s gender, the 

participant would be more aware of math-gender stereotype-reinforcing behaviors. Accordingly, we found a small, 

significant hybrid interaction effect, F(1, 272) = 4.97, p = .027, η² = .02. For the interaction pattern, see Figure 1. 

Simple slope analyses revealed that men’s awareness was higher for a male model teacher’s math-gender 

stereotype-reinforcing behaviors than for a female model teacher’s math-gender stereotype-reinforcing behaviors 

(p < .001, dCohen = 1.03; large effect). While female participants were also more aware of a male model teacher’s 

math-gender stereotype-reinforcing behaviors than of a female model teacher’s math-gender stereotype-

reinforcing behaviors, the awareness difference between male and female model teacher was small for female 

participants (p = .003, dCohen = 0.38). These findings suggest model-observer-gender-similarity, while all 

participants were more aware of math-gender stereotype-reinforcing behaviors in a male model teacher as expected 

in the model teacher gender hypothesis. 

Misconceptions and Stereotype Hypotheses 

Math-gender Misconception Hypothesis 
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We expected teachers’ math-gender misconceptions to be negatively related to their awareness of math-

gender stereotype-reinforcing behaviors. We found a small but significant negative correlation of math-gender 

misconceptions with awareness (r = -.16, p = .007).  

Math-gender Stereotype Hypothesis 

Regarding the relation of math-gender stereotypes and teachers’ awareness of math-gender stereotype-

reinforcing behaviors, we found neither significant correlations for the math-female-to-male rating (r = .01, p = 

.883) nor for the talent-difference measure (r = -.08, p = .185).  

Discussion 

This study used scripted classroom videos of model teachers expressing math-gender stereotype-reinforcing 

behaviors (e.g., selecting stereotypical textbook tasks) to assess participating teachers’ awareness of such 

behaviors. We varied the model teacher’s gender (male vs. female). We researched the effect of model teacher 

gender, participant gender, and the interaction of both (model-observer-gender-similarity) on awareness of math-

gender stereotype-reinforcing behaviors. We also researched the relation of awareness of math-gender stereotype-

reinforcing behaviors with the math-gender stereotype and math-gender misconceptions.  

In brief, we found teachers’ awareness to be related to model teachers’ gender, model-observer-gender-

similarity, and misconceptions but unrelated to teachers’ gender as such and teachers’ global math-gender 

stereotype. In the following, we discuss the obtained evidence in detail. 

Gender Hypotheses 

In the model teacher gender hypothesis, we researched if participating teachers were more aware of math-

gender stereotype-reinforcing behaviors if they watched the classroom videos with a male model teacher than if 

they watched them with a female model teacher expressing such behaviors. As expected, we found this effect. One 

potential explanation is the knowledge or the social perception of men as less aware towards gender stereotypes 

(Becker & Swim, 2011; Drury & Kaiser, 2014; Scheepers et al., 2009), leading to the expectation of a male model 

teacher expressing math-gender stereotype-reinforcing behaviors, while not expecting that same behavior from a 

female model teacher. Furthermore, a female STEM teacher likely has faced stereotypical barriers herself (e.g., 

Eccles, 2011; Wang & Degol, 2017), and research finds that female STEM teachers as role models reduce the 

harmful effects of gender stereotypes for female learners (e.g., Stout et al., 2011). Implicit or explicit knowledge 

of these mechanisms might make it more difficult to be aware of a female STEM teacher’s math-gender stereotype-

reinforcing behaviors (Chan et al., 2021; Kersting et al., 2012; Kim et al., 2020). While this might be a possible 

explanation in line with prior research, future research should explicitly assess participants’ implicit or explicit 

knowledge about the math-gender stereotype and its related mechanisms. 
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In the observing teacher gender hypothesis, we researched if the participating teachers’ gender influenced 

their awareness of math-gender stereotype-reinforcing behaviors. We expected awareness to be higher among 

people socialized as female since they have experienced the math-gender stereotype throughout their time in school 

and possibly beyond (e.g., Becker & Hall, 2024; Grossman & Porche, 2014). Such experiences with the math-

gender stereotype might raise awareness due to prior knowledge (see also Kim et al., 2020). However, we did not 

find an effect of participants’ gender on their awareness. The low awareness for implicit math-gender stereotype-

reinforcing behaviors among both genders (see Table 2) suggests he implicit math-gender stereotype-reinforcing 

behaviors did not stand out enough to mention them in comparison to the distractor behaviors we included in the 

math classroom videos (e.g., the model teacher using a random numbers generator to pick students to answer their 

question). The participating teachers’ focus is supported by a keyword count, which revealed that n = 193 

participants mentioned the random numbers generator in the analysis of Video 2. In comparison, only n = 13 

participants mentioned the math-gender stereotype-reinforcing behaviors in the analysis of the same video.  

Participating teachers, regardless of gender, being accustomed to implicit math-gender stereotypes, due 

to their common prevalence in educational settings (e.g., Jehle et al., 2024), may influence this finding. This 

assumptions is furthermore supported by women not indicating more prior concern with the specific math-gender 

stereotype than men, t(100.37) = -1.58, p = .117. At the same time, women indicated more prior concern with 

general gender stereotypes than men, t(93.50) = -2.53, p = .013. These findings suggest that, while dealing with 

and thinking about general gender stereotypes more than men, women do not deal with or think about the math-

gender stereotype more than men. The math-gender stereotype appears mostly in educational settings and 

contributes to women not pursuing mathematics or other STEM careers (Eccles, 2011; Wang & Degol, 2017). 

Female students are likely confronted with the math-gender stereotype during their education. As many female 

students hold the math-gender stereotype themselves (Cvencek et al., 2011; Steffens et al., 2010), they may have 

internalized it, likely not questioning it any further. When not pursuing a STEM career, women do not necessarily 

reflect on said stereotype later in their lives. Thus, women might not necessarily think about that math-gender 

stereotype more than men if they do not take a STEM career. Accordingly, we found that female teachers who 

studied to teach or already taught at least one STEM subject (n = 113), meaning they pursued a STEM career, 

dealt with or thought about the math-gender stereotype more than female teachers who did not study any STEM 

subject t(215.32) = -5.20, p < .001. Women in a STEM career, henceforth, seem to be forced to think about the 

math-gender stereotype more due to a more frequent confrontation with it.  

In conclusion, our findings suggest that female teachers are not necessarily more aware of math-gender 

stereotype-reinforcing behaviors than male teachers. These findings align with prior findings, revealing that female 
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and male student teachers hold math-gender misconceptions to a similar extent (Dersch et al., 2022a). However, 

both studies used convenience sampling, meaning that unaware male teachers might drop out of a study on the 

math-gender stereotype, leading to their data not being analyzed.  

We also found evidence for the model-observer-gender-similarity hypothesis. We found that participant 

teacher gender and model teacher gender corresponded to improved awareness of math-gender stereotype-

reinforcing behaviors. To our knowledge, our study was the first one researching model-observer-gender-

similarity in videos other than instructional videos (Hoogerheide et al., 2018). Our findings suggest that gender 

similarity might play a role in detecting and evaluating another person’s gender stereotype-reinforcing behaviors: 

If one’s own gender and the person expressing gender stereotype-reinforcing behavior are similar, this might help 

detect and dismantle such behaviors. These findings align with learning theories, which suggest model-observer-

(gender)-similarity to be beneficial for attention towards a model (Bandura, 1977b). However, our findings reveal 

model-observer-gender-similarity, especially for men, who were, on average, relatively unaware of the behaviors 

of a female model teacher (subtly) reinforcing the math-gender stereotype. This unawareness of male teachers of 

the female model teacher’s implicit math-gender stereotype-reinforcing behaviors – additionally to model-

observer-gender-similarity – might be influenced by an experienced duality: Men who confront sexism, like math-

gender stereotype-reinforcing behaviors, side with women (Drury & Kaiser, 2014), who are mostly the target of 

sexism (Becker et al., 2014). Confronting a woman for her sexism might feel like not siding with her (anymore). 

Hence, it might have been harder to critically evaluate or ‘call out’ a woman’s math-gender stereotype-reinforcing 

behaviors for male participants. Further research applying qualitative methods like interviews is necessary to draw 

clear conclusions about this possible explanation.  

The participating teachers’ low awareness of implicit math-gender stereotype-reinforcing behaviors (in 

the first two videos, see Table 2) appears problematic. Nevertheless, this low awareness does not mean all teachers, 

being unaware of implicit math-gender stereotype-reinforcing behaviors, would behave math-gender stereotype-

reinforcing themselves. To what degree they do needs to be subject to further field research. Regardless, awareness 

of math-gender stereotype-reinforcing behaviors is important for teachers to detect and dismantle detrimental 

behaviors that reinforce the math-gender stereotype in other teachers (or students). In sum, our findings call for 

teacher training on awareness of math-gender stereotype-reinforcing behaviors, especially of implicit math-gender 

stereotype-reinforcing behaviors.  

Stereotype and Misconceptions Hypotheses 

We found evidence for the math-gender misconception hypothesis. The fewer math-gender 

misconceptions teachers held, the higher their awareness of math-gender stereotype-reinforcing behaviors. The 
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correlations were small. However, these findings are similar to prior findings of small relations between the 

implicit and the explicit math-gender stereotype (e.g., Nosek, 2007; Nosek et al., 2010). Similar to studies on 

implicit and explicit measures, we applied two very different measurement methods: (dis-)agreement to explicit 

misconception statements in a questionnaire vs. a combination of (1) detection and (2) critical evaluation of math-

gender stereotype-reinforcing behaviors in classroom videos. Considering the significant difference between 

measures, our findings are meaningful.  

The relatively small correlation between math-gender misconceptions and awareness of math-gender 

stereotype-reinforcing behaviors might furthermore suggest that correct theoretical knowledge about the math-

gender gap, and hence not holding math-gender misconceptions, helps only little to detect and critically evaluate 

math-gender stereotype-reinforcing behaviors in (everyday) teaching practice. One explanation might be the 

theory-practice gap. Even if a participant did not hold strong misconceptions and had correct knowledge (e.g., 

inflated praise for girls reduces their ability to self-concept), they seem not to have been able to automatically 

apply all this knowledge to a practical situation (i.e., our detection and evaluation tasks). Being used to gender-

stereotyped behaviors and learning materials in school (Becker & Hall, 2024; Grossman & Porche, 2014; 

Kerkhoven et al., 2016; Moser & Hannover, 2014; Nandi et al., 2024) may have increased this effect.  

Given the moderate prevalence of math-gender misconceptions and a relatively high mixed (mis-

)conception prevalence of 35.5 %, targeting and hopefully reducing math-gender misconceptions is necessary (see 

also Dersch et al., 2022a). Reducing math-gender misconceptions might be promising since they are a good starting 

point for learning (Larkin, 2012) and can be targeted with economic and well-researched interventions such as 

refutation texts (e.g., Tippett, 2010). Further research is needed to determine if and how the reduction of math-

gender misconceptions might benefit awareness of math-gender stereotype-reinforcing behaviors.  

In the math-gender stereotype hypothesis, we researched the relationship between teachers’ math-gender 

stereotype and teachers’ awareness of math-gender stereotype-reinforcing behaviors. We expected negative 

correlations indicating that if a participant reports little math-gender stereotypes, this, on average, leads to more 

awareness of behaviors that reinforce the math-gender stereotype. However, we did not find this correlation. Our 

findings suggest that the relation between an explicitly reported math-gender stereotype and awareness of math-

gender stereotype-reinforcing behaviors is insignificant. This unrelatedness may be due to the math-gender 

stereotype measure being more prone to impression management based on social desirability than the measure of 

math-gender misconceptions. Math-gender stereotypes are self-report attitude measures, whereas math-gender 

misconceptions measure knowledge, explanations, and justifications for attitudes rather than the attitude 

themselves (see also Dersch et al., 2022a).  
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Limitations and Further Research 

An important limitation of the study design is that we assessed the math-gender stereotype after presenting 

videos of math-gender stereotype-reinforcing behaviors in a math lesson setting. This order may have affected 

how male (rather than female) participants perceived mathematics. We presented the video task before the math-

gender stereotype measure to avoid priming effects on teachers’ awareness of math-gender stereotype-reinforcing 

behaviors. If participants had known that the to-be-researched topic was related to mathematics and gender, this 

would not have allowed for an ecologically valid measurement of awareness of implicit math-gender stereotype-

reinforcing behaviors because, in a real classroom setting, teachers also must react to such behaviors without prior 

warning. Since awareness of math-gender stereotype-reinforcing behaviors was the focus of this research, it was 

most important for us to avoid priming it. Furthermore, in a prior study, which applied the same measure for the 

math-gender stereotype, the researched pre-service teachers endorsed the math-gender stereotype to a similar 

extent as in this study (Dersch et al., 2022a). This referenced study did furthermore not perform any intervention 

nor show any videos similar to the ones in this study. However, future research should consider order and priming 

effects and randomly vary stereotype assessment and awareness measure (i.e., the video task). 

Furthermore, the math-gender stereotype-reinforcing behaviors in this study are not exhaustive of all 

possible math-gender stereotype-reinforcing behaviors. Therefore, the measured awareness cannot fully represent 

all potential awareness of math-gender stereotype-reinforcing behaviors. We did, however, portray a broad range 

of implicit and explicit math-gender stereotype-reinforcing behaviors to provide a first overview of such situations 

requiring teachers’ awareness. Future studies could apply different classroom videos showing math-gender 

stereotype-reinforcing behaviors to research other aspects of awareness of them.  

Another limitation of our study is that we did not measure participants’ own math-gender stereotype-

reinforcing behaviors but their awareness of math-gender stereotype-reinforcing behaviors in scripted math 

classroom videos, which is not a behavioral measure. However, applying such scripted classroom videos can help 

bridge the theory-practice gap to some extent (e.g., August et al., 2018).  

A limitation regarding this study’s sample is that only few participants socialized as male took part in the 

study (n = 54), while most participants were socialized as female (n = 224). However, participants socialized as 

male vs. female were equally distributed among both conditions (see Preliminary Analyses and Table 3). While 

the gender distribution in our experiment is not representative of society, it is mostly representative of teachers in 

Germany: According to the Federal Office of Statistics of Germany, in the school year of 2019 / 2020, 73.0 % of 

teachers in schools for general education were female. In our sample, 80.6 % of participants were female (Destatis, 

2003). 
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Finally, this study did not consider stereotypes based on ethnicity, which are also researched to negatively 

impact stereotyped students in mathematics (e.g., Copur-Gencturk et al., 2023; Riegle-Crumb & Humpries, 2012). 

Future research should take the intersectionality of (math-)gender stereotypes overlapping with other forms of 

discrimination, such as social class, race, or ethnicity, into account and aim at targeting and reducing the harmful 

effects of such intersectionality (Keller et al., 2023; Yuval-Davis, 2006).  

Conclusion 

 We found that teachers’ awareness of implicit math-gender-stereotype-reinforcing behaviors is low. 

However, awareness of such behaviors is important to provide equal chances for students of all genders. Only 

teachers aware of such behaviors can modify their own behavior if necessary and inspire others to critically reflect 

on their potentially stereotype-reinforcing behaviors in school. Interventions improving awareness are thus 

necessary.  

Additionally, this awareness is related to math-gender misconceptions, which contribute to the 

manifestation of the math-gender gap (see also Dersch et al., 2022a; Girelli, 2023; Rubel et al., 2024). Further 

research should investigate if findings regarding these relations can be replicated and how interventions targeting 

math-gender misconceptions might affect awareness of math-gender stereotype-reinforcing behaviors or vice 

versa.   
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Table 1 

Descriptive Values of the Short Version of the Math-gender Misconception Questionnaire (MGMQ-s). 

Note. Agreement rates represent the proportion of participants agreeing to a 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.  

  

Empathizing-Systemizing (ES): ω = .88 

Agreement 

rates  

(min. = 0,  

max. = 1) 

Response 

certainty 

(min. = 0, 

max. = 4)  

Misconcep-

tion scorea 

(min. = -4, 

max. = +4) 

Item-total 

correlation 

(min. = 0, 

max. = 1) 

ES1: Mathematical correlations are usually easier for 

boys to understand than for girls, because boys tend to 

think in systematic contexts   

.24 2.61 (1.03) -1.66 (2.26) .72 

ES2: As boys, more likely think in systematic categories, 

they have better cognitive prerequisites for math than 

girls do.  

.25 2.49 (1.06) -1.56 (2.22) .67 

ES3: Female empathy makes it easier for girls to deal 

with people, while boys are on average more gifted in 

systematic thinking and thus in mathematics. 

.30 2.59 (1.00) -1.26 (2.48) .74 

ES4: On average, girls think more empathically than 

boys do, boys on the other hand are more talented in 

systematic thinking and thus also in mathematics. 

.35 2.52 (0.96) -1.07 (2.48) .70 

Girls’ Compensation (GC): ω = .70 

GC1:  Girls normally have to work harder to perform 

equally well in mathematics as boys. 
.23 2.78 (0.96) -1.70 (2.40) .39 

GC2: Girls compensate for their on average lower 

aptitude in mathematics compared to boys by being more 

diligent. 

.35 2.64 (0.99) -1.00 (2.64) .46 

GC3:  Mathematical content often just flies to boys, while 

girls have to make more effort for it on average. 
.15 2.78 (0.89) -2.14 (2.00) .54 

GC4: To achieve equally good grades in mathematics, 

boys have to make less effort because they are more 

talented than girls are. 

.07 3.05 (0.92) -2.81 (1.49) .47 

All Items: ω = .89     
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Table 2 

Descriptive Values of Teachers’ Detection, Critical Evaluation of and Awareness Of Math-gender Stereotype-

reinforcing Behaviors (MGSRB). 

 Detection of MGSRB Critical Evaluation of MGSRB 

(score: -3 to +3) 

Awareness of MGSRB (score: -

3 to +4) 

Video Frequency % M SD M SD 

Video 1 

(implicit) 

5 1.8 0.09 0.44 0.11 0.54 

Video 2 

(implicit) 

13 4.7 -0.11 0.99 -0.06 1.10 

Video 3 

(explicit) 

179 64.4 1.21 1.18 1.86 1.59 

Video 4 

(explicit) 

261 93.9 1.66 0.91 2.60 1.04 

 

Note. Awareness is the sum of Detection (0; 1) and Critical Evaluation (-3 to +4). Hence, the possible score for 

Awareness is -3 to +4
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Table 3 

Participant Characteristics between Conditions 

  Female Model Teacher  Male Model Teacher  

 M SD M SD 

Age 37.60 12.53 36.34 11.90 

Teaching experience 

(1 = none – 4 = examined full-

time school teacher) 

2.77 0.93 2.85 0.90 

 % (a) % (b) % (a) % (b) 

Gender socialized as  

(a) female, (b) male 

76.4 % 22.3 % 83.8 % 16.2 % 

Status  

(a) pre-service teacher,  

(b) in-service teacher 

39.9 % 60.1 % 38.5 % 61.5 % 

School type  

(a) primary school,  

(b) secondary school 

37.2 % 62.8 % 43.8 % 56.2 % 

STEM profile  

(a) yes, (b) no 

49.3 % 50.7 % 50.0 % 50.0 % 

German as native language  

(a) yes, (b) no 

94.6 % 5.4 % 96.2 % 3.8 % 

Technical difficulties while 

watching the video  

(a) yes, (b) no 

12.8 %  88.2 % 7.7. % 92.3 % 
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Figure 1 

Pattern of the Interaction Between Model Teacher Gender and Participant Teacher Gender on Mean Awareness 

off Math-gender Stereotype-reinforcing Behaviors  
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Appendices 

Appendix A 

Video Scripts (all filmed with female and male model teacher) 

 

Video 1 (implicit) 

Students are seen from behind. Teacher stands in front of the class with open math textbook and says: Ah, 

here, the task of Mr. Meier, the road engineer, it’s quite good. He needs 
1

4
  

ton of tar and 300kg of concrete. How many tons of concrete does he need then? The result 

please as a fraction, please...Yes, Thomas..? 

Thomas:  
3

10
 t of concrete.  

Teacher:  That is correct. Now I’ve come up with a similar task for you: Mrs. Schäfer goes to the market 

and needs another 
1

3
 kg of apples and 

1

2
 kg of flour for her cake recipe. How many grams does 

she need each? 

Teacher turns around and writes values (
1

3
 and 

1

2
) on the board. Teacher: Yes... Lisa?  
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Video 2 (implicit): 

Students are seen from behind. Teacher stands at the blackboard and sets tasks. They use a generator app on 

their phone to generate random numbers between 1 and 30. 

Teacher:  Number 24, (looks at class list....) Lisa, What does 
3

4
 + 

5

4
 add up to? Lisa: 

8

4
. Teacher: Wow, 

you did a great job. Very good. 

Number 13... Jonas? How would you express that correctly?  

Jonas:  
8

4
 are actually two.  

Teacher: Yes, exactly. I’ll draw it for you. 

Teacher draws a circle, with a cross through it to suggest quarters, wipes out third quarter. Teacher: Here 

we have 
3

4
. Now add 

5

4
.  

Teacher draws fourth quarter again, saying:  

One,  

draws another circle and draws a cross through it counts:  

2, 3, 4, 5.  

So Lisa, how many circles do you see here?  

Lisa:  Two.  

Teacher: Yes, exactly, very good!  

Let’s take Number 2 next, Steffen; what is the smallest common denominator of 
20

48
 and 

1

4
?  

Steffen: 
20

48
 can be shortened by 4. Then it’s 

5

12
. 

1

4
 can be expanded by 3, then we have 

3

12
. Accordingly, 

12 is the lowest common denominator.  

Teacher: Correct. Fine, let’s move on. 

Number 16: Johanna, can you please expand 
1

8
 so that it has the same denominator as 

1

32
?  

Johanna:  Yes, I would then expand it with 4. That would make 4/32. Teacher: Wow, you did that very 

well, great, Johanna!  
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Video 3 (explicit):  

Teacher enters the classroom, students not visible. Teacher stands in front of the class, students are seen from 

behind. Teacher puts bag on table and begins to speak. 

Teacher: Sooo, today we will write an unannounced math test. This will be a comparison test between 

all of year 7. Boys, (looks in the direction of a group of boys, past the girls) I am counting on 

your performance! By the way, the grade will be included in your report card grade. 

 

 

 

 

 

 

 

 

 

Video 4 (explicit):  

Two female students walk from the blackboard to the back of their seats. The board says “Math Quiz”. Teacher 

wipes away solutions of previous task and leaves heading “Math Quiz”. 

Teacher: And we continue with our math quiz! Two students will compete against each other! 

Remember, speed counts! Julia and Jerome are next to go to the front of the blackboard. 

Julia and Jerome go to the blackboard. Teacher sets the task. 

Teacher: What are 
3

4
 * 

7

4
 ? 

Julia and Jerome calculate. Jerome writes: 
3

4
 * 

7

4
 = 

21

16
. Julia writes 

3

4
 * 

7

4
 and then thinks about it longer.  

Teacher:  Yes, okay, Julia, Jerome is already done. Jerome, that means an A for you. Julia, you weren’t 

as fast as Jerome, but I’ll give you the A too, but maybe with a little minus? Comparing the 

genders in math is simply unfair.  
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Appendix B 

Filler Items of the MGMQ-s 

1. Girls are more likely to dislike mathematics as a school subject than boys, because girls consider 

mathematics to be less relevant to them. 

2. In girls and boys, similar brain regions are active during the processing of mathematical tasks. 

3. As early as in elementary school, children think that mathematical professions are rather something for men 

and social professions are rather something for women. 

4. On average, boys rate themselves as more competent than girls in terms of their mathematical abilities. 

5. Girls would presumably be more motivated in mathematics if more topics with female connotations were 

the content of the tasks and lessons. 

6. Boys identify more strongly with mathematics as a school subject than girls do. 

7. In identity formation, girls often move away from the subject of mathematics in order to feel more like they 

belong to the female gender. 

8. Even girls who have very good grades in mathematics rarely enter mathematical professions.  
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Appendix C 

Example Answers on the Video Analysis with Rating  

 

Video 1 

Scoring  

(-3 to +4) 

Reason for scoring with regard 

of awareness of math-gender 

stereotype- reinforcing behavior 

(MGSRB) 

Visualization makes sense, but it is incomplete. The question should also 

be written down on the board. Evaluation of the task as "good" and 

"we’ll take it" is not motivating – rather the opposite! Gender cliché very 

problematic: Woman bakes a cakes / man is an engineer. Reproduces 

typical gender role models, demotivates girls in STEM. 

 

+4.0 MGSRB is detected and 

critically evaluated with regard 

of gender-stereotypes and their 

consequences 

Chalk-and-talk technique. Teacher reads aloud, students just listen, don’t 

have the task available visually. Students are not involved in writing out 

the facts given. The only thing I would adopt [from the teacher’s 

behavior] is that some of the information is written down for everyone. 

But [I would ask this to be done] by the students. The assignment also 

has to be read aloud by [one of] students. [Here, however:] students 

always just sit there passively. Also, the solution of the task should be 

provided by a student and written on the board – this should not be done 

by the teacher. 

 

0.0 The MGSRB is not detected; 

the task is not focused; neither 

positively nor negatively 

evaluated 

Lesson is teacher-centered. Students watch and the teacher explains on 

the board. The task: The second task is closer to everyday life than the 

first one. The students are passive. I would design the tasks so that the 

students have to figure out how to solve the task. However, the task is 

good; based on everyday life. Like shopping at the market I think is 

good. The way the task is presented here, you could also have used a 

purely numerical task. 

-1.0 The task is perceived as good, 

without giving gender-

stereotyped reasons. However, 

the task is in focus and the 

reproduction of gender-

stereotypes is not detected or 

criticized. 
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Video 2 

Scoring  

(-3 to +4) 

Reason for scoring with regard 

of awareness of MGSRB 

Using the random numbers generator to determine who should answer 

the question causes stress in students because it creates an exam 

situation. Therefore, I would not adopt this. After [the female student 

Lisa] answers the question, the teacher attempts praise. “Gee, great job”, 

however, he sounds like he didn’t think she [Lisa] could do it and 

conveys to the student [Lisa] that he thinks she can’t do math. This 

therefore does not build a positive culture of error, but encourages 

resignation (“He [the teacher] thinks I can’t do it anyway”, turns into 

[Lisa thinking] “I can’t do it anyway”) or fear of making mistakes 

because the student [Lisa] wants to prove to him [the teacher] that she 

can do it after all. The teacher again uses the random numbers generator 

to determine who corrects the answer: “What would be the correct way to 

say that?” Better to ask something like this: “Can you shorten this? If so 

name the shortened fraction.” The question the teacher asks here 

undermines confidence in mathematical ability in the [female] student 

[Lisa], (“Everyone else can do it better than I can”). The idea of showing 

the calculation using circles is good, but different shading for the 

different fractions would have been better for comprehension. The 

question to the student whose turn it was earlier [Lisa] embarrasses her. 

The task Steffen gets is much more difficult than the one Johanna gets. 

On the other hand, the praise Steffen gets for his correct answer is less 

euphoric than the one Johanna gets. This gives the impression that the 

teacher is assuming that boys can do math and girls can’t, thus promoting 

the social imbalance in this subject. The wording of the questions was 

also different: “Steffen, Name the smallest common...,” but “Johanna, 

can you...?” This calls into question Johanna’s ability to answer the 

question. 

 

+4.0 MGSRB is detected and 

critically evaluated with regard 

of gender-stereotypes and their 

consequences 

[…] Teacher is appreciative and praises. -1.0 Praise is perceived as good, 

regardless of gender 

stereotypical imbalance. 

Regardless of occupation with 

praise, no awareness of 

MGSRB. 

 

Strong preference for girls: They get easier tasks and stronger praise, 

boys are neglected. 

 [...] 

-2.5 MGSRB is detected and 

criticized. Yet, no awareness for 

global problem of the math-

gender stereotype. Instead 

fearing the teacher favoring the 

girls, which contradicts 

common research on the topic. 
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Video 3 

Scoring  

(-3 to +4) 

Reason for scoring with regard 

of awareness of MGSRB 

Unannounced tests are a great source of stress. This should be avoided if 

possible so that students can prepare and thus give their best. "Boys, I’m 

counting on you!" – This phrase shows unequal treatment of the genders 

in the classroom and reduces the learning opportunities of those who do 

not identify as boys. At the same time, it puts pressure on the boys. "By 

the way, the result count into the final grade", this sentence does not 

provide any new information, because everything that happens in class 

counts into the final grade, but it creates pressure and should therefore be 

avoided. 

 

+4.0 MGSRB is detected and 

critically evaluated with regard 

of gender-stereotypes and their 

consequences 

-I would not adpot the phrase: "This is a comparison test between all 

courses 

-I would adopt the phrase: “Boys, I’m counting on you performance.” 

-1.5 No awareness of MGSRB. 

Gendered motivational phrase 

is perceived as good.  

 

Video 4   

A quiz sounds motivating at first. Bringing two students to the board 

allows a direct comparison of the learners’ performance (who is faster, 

who has the right result) Teacher’s comment [regarding comparison of 

the genders] sounds negatively pejorative and reinforces stereotypes 

about girls’ poorer performance in math [math-gender stereotypes] – this 

behavior is demotivating for girls. 

 

+4.0 MGSRB is detected and 

critically evaluated with regard 

of gender-stereotypes and their 

consequences for female 

learners 

The math quiz can motivate and have a playful character, but it can also 

be stressful for some. To be considered: is it suitable for my learning 

group? The quiz should not be evaluated (with grades), because then it is 

no longer a quiz and loses the playful character. The comparison 

situation on the blackboard in front of everyone exposes weak students 

and should be avoided. It is better to ask only voluntary students to come 

to the blackboard! Do not grade the results. I would not do it like the 

colleague [in the video] in my lessons. 

 

0.0 No detection of MGSRB, no 

critical evaluation, no 

occupation with the problem in 

itself 

Playful situation in form of a quiz. Fair evaluation - both get an A for the 

correct result. The faster without minus, but this has no consequences. 

The teacher does very well here by explicitly not discriminating because 

of [the students’] gender. Good learning- / exam- or quiz atmosphere. 

-2.5 The MGSRB receives attention 

here, but is not recognized as 

such; no awareness of the 

problem and hence even praise 

for the (actually negative) 

MGSRB. 

Note. MGSRB = math-gender stereotype-reinforcing behaviors. 
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Appendix D 

Follow-up Questions on the Video Analysis 

C.1 Mental Effort 

The task (video analysis) was exhausting. 

I made an effort in the task (video analysis). 

 

C.2 Relevant Model Teacher Characteristics 

To what extent did you notice the following characteristics of the teacher while watching and analyzing the 

instructional videos? (six-point Likert-scale from not at all to very much)  

Ascribed ethnicity of the teacher 

Age of the teacher 

Attitude of the teacher 

Gender of the teacher 

 

C.3 Questions on Technical Difficulties with the Videos 

I had technical difficulties with the videos.  

(Dichotomous rating) 

How was the technical quality of the videos?  

(Six-point Likert-scale from very bad to very good) 

Is there anything else you would like to let us know in relation to the videos? 

(Open question) 
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Abstract 

Teachers hold misconceptions that female learners have lower levels of mathematical talent than males. Such 

misconceptions are related to the math-gender stereotype that shapes how teachers interact with students and can 

contribute to the underrepresentation of women in mathematical fields. One method for changing these 

misconceptions is refutation text, which explicitly states and refutes a misconception and provides an alternate 

explanation. Since refutation text may not be sufficient for teachers’ conceptual change, we applied personalized 

refutation text, which can successfully promote teachers’ conceptual change. However, teachers may have strong 

attitudes related to math-gender, and refuting information about social-scientific topics, like math-gender 

misconceptions, might cause worldview backfire effects where teachers double down on their original stance.  

In a randomized 2x2-pre-post-design with 336 teachers and student teachers, we investigated whether (1) 

expository texts, (2) personalized expository texts, (3) common refutation texts, or (3) personalized refutation texts 

were most effective for conceptual change. We found that personalized refutation texts initiated the strongest 

conceptual change for student teachers who had held misconceptions at pre-test. However, personalized refutation 

texts also triggered the most backfire among student teachers who had not held misconceptions at pre-test. Findings 

suggest that personalized refutation texts effectively catalyze teachers’ conceptual change, but only if conceptual 

change is necessary. However, if misconceptions are not prevalent, personalized refutation text may lead to 

familiarity backfire; by repeatedly naming a misconception, it gains familiarity and becomes more credible than 

the intended refutation information. Hence, we recommend that personalized refutation interventions be adapted 

to individuals’ prior knowledge.  
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Introduction 

Pre-service and in-service teachers have misconceptions about various psychological topics, like multimedia 

learning (Eitel et al., 2019; 2021), neurodevelopment (Gini et al., 2021), self-regulated learning (Vosniadou et al., 

2020; 2021), and gendered ability differences, for instance, the misconception that female learners have lower 

mathematical talent (Dersch et al., 2022a). Teachers’ misconceptions about women’s mathematical ability can lead 

teachers to endorse stereotypes and communicate subtle messages to female students that impact their self-confidence 

and achievement (Carlana, 2019). Such misconceptions might also influence lesson design and teacher-student 

interactions, thus should be addressed (e.g., Authors, submitted; McAfee & Hofman, 2021; Prinz et al., 2021; Wilen, 

2004). Refutation texts are, among other methods, one possible strategy to effectively change misconceptions 

(Tippett, 2010). Refutation texts name a commonly held misconception, state that it is incorrect and provide an 

alternative explanation (Tippett, 2010). However, common refutation texts are not always sufficient for teachers’ 

sustainable conceptual change (Dersch et al., 2022b; Ferrero et al., 2020b; Zengilowski et al., 2021).  

 One factor that hinders teachers from revising their misconceptions is when they feel personally detached 

from the information presented in refutation texts—a problem that can be addressed through self-implication (Dersch 

et al., 2022b; Gregoire, 2003). Indeed, evidence suggests that personalized feedback that increases self-implication 

can be beneficial for reducing teachers’ misconceptions about multimedia learning (Dersch et al., 2022b). Self-

implication may, for instance, be expressed through negative affect related to internal blame, such as guilt or shame 

(Dersch et al., 2022b).  

Yet, self-implication and consecutive negative affect can also be detrimental for refuting misconceptions, 

because it is related to backfire effects (Trevors et al., 2016)—which occurs when misconceptions are reinforced 

instead of reduced as a result from refutation information (e.g. Lewandowski, 2012). One set topics that are prone to 

trigger backfire effects are social-scientific topics (Jacobson et al., 2012; Lewandowski, 2012; Sherman & Cohen, 

2002). One social scientific topic that may trigger backfire effects are math-gender misconceptions—the incorrect 

belief that girls have lower mathematical talent than boys—misconceptions that are widely held by teachers (Dersch 

et al., 2022a).  

To our knowledge, no research to date has studied whether math-gender misconceptions can be shifted with 

refutation texts, and whether personalized refutation texts predict more prominent shifts, or if they cause backfire 

effects. As such, in this study, we studied refuting teachers’ math-gender misconceptions in a 2x2 experimental 

research design, using refutation texts vs. common expository texts, with personalized feedback vs. without 

personalized feedback. Namely, we investigated the benefits of personalizing refutation instruction while accounting 

for potential backfire effects.  
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Theoretical Background 

Teachers’ Math-gender Misconceptions  

Misconceptions can be defined as knowledge conceptions that appear highly plausible while contradicting 

scientific evidence or established theory (Eitel et al., 2021; Hughes et al., 2013). Because knowledge conceptions 

are stored schematically in long-term memory (that is, integrated or intertwined with one-another; Sweller et al., 

1998), misconceptions are robust and difficult to change. The more intertwined a misconception is with other 

knowledge conceptions, the harder it is to change them. This is consistent with theories on conceptual change—

the changing of misconceptions that consider misconceptions to be: independent from other knowledge structures 

(e.g., diSessa, 1988; Dole & Sinatra, 1998) or organized into holistic theoretical frameworks (e.g.,Vosniadou, 

1994).  

Two common math-gender misconceptions have been repeatedly found among student teachers and in-

service teachers (e.g., Authors, submitted; Dersch et al., 2022a). One misconception is the empathizing-systemizing 

misconception (Dersch et al., 2022a). This misconception assumes that boys have higher inherent systematic 

thinking abilities due to pre-natal testosterone-exposure in comparison to girls who are assumed to have higher 

empathic thinking abilities. Higher systematic thinking in boys is assumed to lead to higher inherent mathematical 

talent in boys in comparison to girls (e.g., Baron-Cohen, 2005). This misconception assumes that empathic and 

systematic thinking are dualities, while in fact both are associated with general intelligence (g; Gottfredson, 1998; 

see also Martingano & Konrath, 2022). Additionally, this misconception assumes that systematic thinking leads 

to better math performance, when in fact they are not related (Escovar et al., 2016). Finally, this misconception is 

inconsistent with evidence that gender disparities in math performance are marginal to non-existent (e.g., 

Lindemann et al., 2010) and, if present, oftentimes are mediated by social factors like sex-role identity (Else-Quest 

et al., 2015). In this vein, Tiedemann (2002) found that teachers assumed that high-performing girls in math were 

less logical and exhibited less systematic thinking than high-performing boys.  

Another common misconception is called girls’ compensation. This misconception involves the belief 

that girls who earn similar math grades to boys do so because they are more diligent than boys, whereas boys 

achieve similar grades with less effort due to their innate talent (Dersch et al., 2022a). While research finds girls 

to be more diligent than boys across most subjects (e.g., Duckworth & Seligman, 2006), this diligence leads to on 

average better grades not similar grades—also in mathematics (Duckworth & Seligman, 2006). This 

misconception furthermore does not consider that most research concords on girls not lacking inherent 

mathematical talent (Girelli, 2021; Kersey et al., 2019; Lachance & Mazzocco, 2006). Beliefs associated to this 

misconception could be identified in interviews with parents and teachers (Sáinz et al., 2020). Furthermore, in line 
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with this misconception, teachers attributed girls’ medium-level mathematics performance to diligence and lack 

of talent, while they attributed similar medium-level math performance of boys to talent and lack of diligence 

(Tiedemann, 2002).  

Both misconceptions were found to be prevalent among about a third of student teachers and in-service 

teachers across two different samples (Authors, submitted; Dersch et al., 2022a). These two misconceptions, just 

like other misconceptions, might negatively influence student-teacher interaction and lesson design (e.g., Prinz et 

al., 2021; Wilen, 2004). In this vein, the two misconceptions were found to be negatively related to awareness 

towards math-gender stereotype-reinforcing behaviors. Meaning, the more misconceptions in-service teachers 

held, the less likely they were to detect and critically evaluate a model teachers’ gender stereotype-reinforcing 

behavior in a math lesson setting (Authors, submitted).  

These two misconceptions—just like other misconceptions are related to attitudes (see also Jacobson et 

al., 2021), meaning, the positive or negative evaluation of an object or entity (Eagly & Chaiken, 1993). 

Specifically, math-gender misconceptions were found to be related to the math-gender stereotype (Authors, 

submitted; Dersch et al., 2022a). Stereotypes describe the cognitive component of an attitude and contain a set of 

correct- and incorrect beliefs about a social group based on their mere affiliation to said social group (e.g., 

Greenwald et al., 2002). The math-gender stereotype is a set of beliefs connoting mathematics as male (e.g., 

Ashmore & delBoca, 1979). According to dual process models, stereotypes are part of heuristic processing (e.g., 

Bodenhausen, 1990; Strack & Deutsch, 2015). Heuristic processing describes a shortcut within information 

processing based on consilidated, oversimplified or overgeneralized knowledge, reducing the sense of an 

environment’s complexity (e.g., Fiske, 1982; Shah & Oppenheimer, 2008). The math-gender stereotype hence 

influences social perception, contributing to female learners’ lower interest, motivation and performance in 

mathematics (Cvencek et al., 2012; Greenwald et al., 2002; Girelli, 2023; Steele, 2003), and eventually to low 

female representation in mathematics, meaning, less women pursuing careers in the field of mathematics (Eccles, 

2011; Hand et al., 2017; Halpern et al., 2007; Nosek & Symth, 2011). Teachers, on average, hold the math-gender 

stereotype (Authors, submitted; Dersch et al., 2022a; Eccles, 2011; Gunderson et al., 2012). Furthermore, teachers 

are important socializers and are likely to contribute to gender disparities in math by manifesting the math-gender 

stereotype in their instruction and interactions with students (e.g., Eccles, 2011; Gunderson et al., 2012). Hence, 

the math-gender stereotype should be reduced among teachers. However, (math-gender) stereotypes have rarely 

been successfully and sustainably reduced (FitzGerald et al., 2019; Kollmayer et al., 2020). That is likely because 

they are global cognitive structures (Greenwald et al., 2002), and therefore hard to change (Dersch et al., 2022a). 

Misconceptions, on the other hand are more specific and hence a good starting point to conceptual change (Larkin, 
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2012) and prospective attitude change (Jacobson et al., 2021). Due to the prevalence of math-gender 

misconceptions among teachers (Authors, submitted; Dersch et al., 2022a), and their relation with the math-gender 

stereotype (Dersch et al., 2022a; Girelli, 2022), math-gender misconceptions should be changed in student teachers 

and in-service teachers as important (future) socializers.  

Changing Teachers’ Math-gender Misconceptions Using Refutation Text 

While some theoretical approaches differentiate between the concepts of conceptual change and 

knowledge revision (Kendeou, 2024), other approaches define knowledge revision as one facet within conceptual 

change (Chi, 2009) or use both terms, conceptual change and knowledge revision, synonymously (Mason, 2009). 

In the following we will also use the terms conceptual change and knowledge revision synonymously. For 

theoretical frameworks, we will consult the Knowledge Revision Components Framework (KReC) by Kendeou 

and O’Brien (2014), which is supported by strong evidence in the subject of revising misconceptions (Danielson, 

2024) as well as the Cognitive Affective Model of Conceptual Change (CAMCC; Gregoire, 2003), which is suited 

especially for teachers’ conceptual change (Gregoire, 2003).  

The KReC (Kendeou & O’Brien, 2014) includes three processes necessary for conceptual change. 

According to the KreC, conceptual change occurs through (1) co-activation of the misconception and the correct 

information that is aimed to refute the misconception. Co-activation can for instance be achieved with refutation 

texts (Danielson et al., 2024). Refutation texts present a commonly held misconception (e.g., for the math-gender 

misconception of empathizing-systemizing: “Many people think that boys inherently think more systematically 

than girls. Due to systematic thinking being assumed necessary for math, many people assume that boys are better 

at math from birth.”). Then refutation texts state that it is incorrect and provide an alternative scientific explanation 

supporting the correct conception (Tippett, 2010). Hence, the named misconception and the provided alternative 

explanation are co-activated. (2) The second process according to the KReC is integration of the correct 

information in the relevant cognitive schema or construct. Co-activation due to a refutation text should trigger 

integration within the relevant knowledge framework or theory (see also diSessa, 1988; Vosniadou, 1994), for 

math-gender misconceptions within the math-gender stereotype and other related knowledge. (3) The third process 

is competing-activation, which describes that the misconception remains within the cognitive schema but the 

correct information is activated simultaneously—iteratively stronger than the misconception, while the 

misconception is inhibited in relevant situations (Kendeou & O’Brien, 2014). Like this, the misconceptions 

becomes less relevant and the correct conception gains relevance. Co-activation and integration facilitated by 

refutation texts should prospectively foster competing-activation, which is the goal of knowledge revision 

(Kendeou et al., 2013; 2014).  
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This elaborate process of conceptual change, according to dual-processing theories (e.g., Maheswaran & 

Chaiken, 1991), the Cognitive-Affective Model of Conceptual Change (CAMCC; Gregoire, 2003) and persuasion- 

and attitude change theories (e.g., Nabi, 1999) requires deliberate systematic processing. Since systematic 

processing requires active mental effort (Klepsch & Seufert, 2021), motivation to actively engage with the 

presented information is necessary (Eagly & Chaiken, 1993; Nabi, 1999). By highlighting the threshold between 

one’s own potential misconception (“Many people believe that…), the scientifically correct conception 

(“However, that is incorrect.”), and presenting an incongruent message, refutation texts have the potential to 

increase self-implication, meaning a learners’ understanding, that they, themselves, hold a misconceptions, feeling 

in charge to change it (Gregoire, 2003). Such self-implication can increase motivation for systematic processing 

of refutational messages (e.g., Maheswaran & Chaiken, 1991) and therefore for conceptual change (Sinatra, 2005; 

cf. Gregoire, 2003). One set of factors that drive increased motivation for change are negative emotions that result 

from internal blame, such as feelings of guilt or shame (Dersch et al., 2022b; Gregoire, 2003; Nabi, 1999; Trevors 

& Kendeou, 2020). Internal blame happens when learners take ownership of their misconception and is expressed 

as feelings of guilt or shame, which can be contrasted with situations where learners blame external factors for 

misconceptions, and is expressed as anger (cf., internal/external dimensions of attribution; Weiner, 1985; and 

internal/external locus of control; Lefcourt, 1991).  

The CAMCC (Gregoire, 2003) posits that teachers’ conceptual change is especially challenging to 

achieve because teachers have experienced school during their primary and secondary education, which prior to 

their teacher education has already consolidated their knowledge, beliefs—and therefore also their 

misconceptions—about school, learning and teaching (Gregoire, 2003). Additionally, teachers may not feel self-

implicated when confronted with misconceptions about teaching and learning considering themselves 

knowledgeable on the topic (Dersch et al., 2022b). Teachers may think, “Many people hold this misconception, 

but I am not one of those” (see also Dersch et al., 2022b) and process the refutational information heuristically 

(Gregoire, 2003). Hence, for teachers, reading a refutation text may not increase self-implication enough to process 

the refutational information systematically instead of heuristically. Another potential reason for such heuristic 

processing hampering conceptual change is the topic of the targeted misconceptions. Teachers’ math-gender 

misconceptions are related to and likely embedded in the belief system of the math-gender stereotype (Authors, 

submitted; Dersch et al., 2022a; see also von Aufschnaiter & Rogge, 2015). As mentioned above, the math-gender 

stereotype is part of heuristic processing (Bodenhausen, 1990; Strack & Deutsch, 2015), which, in contrast to 

systematic processing, relies on cognitive shortcuts, and, instead of actively constructing new knowledge or 

restructuring pre-existing incorrect knowledge, draws on prior, often oversimplified or overgeneralized knowledge 
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(Greenwald, 2002). Aiming to refute math-gender misconceptions may activate the math-gender stereotype, which 

may activate heuristic processing, leading teachers to draw on oversimplified prior knowledge about mathematics 

and gender. This process might endanger systematic processing of the refutational information, which would, be 

required for active restructuring of knowledge and conceptual change (Gregoire, 2003). Hence the activation of 

the math-gender stereotype when targeting math-gender misconceptions may hamper conceptual change.  

To date, most research on student teachers’ and in-service teachers’ conceptual change focuses on 

learning and the brain (e.g., Ferrero et al., 2020a; 2020b; Grospietsch & Mayer, 2018), or more specifically on 

multimedia learning (e.g., Dersch et al., 2022b; Prinz et al., 2021). On the topic of multimedia learning, findings 

suggest that refutation texts effectively foster teachers’ conceptual change in comparison to no intervention 

(Ferrero et al., 2020a). However, the effects were not stable over time (Ferrero et al., 2020a; 2020b). Furthermore, 

most research did not find that refutation text influenced behavior or transfer outcomes (Dersch et al., 2022b; 

Ferrero et al., 2020a; 2020b; Prinz et al., 2021). Lastly, the common refutation text did not outperform expository 

text in an experiment, likely due to lacking self-implication when reading the refutation texts (Dersch et al., 2022b).  

In line with this finding, the CAMCC (Gregoire, 2003) posits that personal relevance or self-implication 

is necessary to avoid heuristic processing and instead foster systematic processing of refutational information, 

which is a necessary factor for successful conceptual change (see also Dole & Sinatra, 1998). One factor increasing 

self-implication for conceptual change may be personalized feedback in refutation texts (Dersch et al., 2022b).  

Personalized Refutation Texts 

 Personalized messages with specific feedback (e.g., “your answers indicate that…”), can lead to higher 

personal involvement, and therefore to more systematic and focused information processing (Mayer, 2014; Renkl, 

2015). Most research on personalized feedback focuses on learners’ performance in a prior knowledge test (Maier 

& Klotz, 2022). Such personalized feedback has the potential to improve learners’ performance (Narciss et al., 

2014). Personalized feedback in a refutation text aims at creating an impasse experience, highlighting the 

difference between one’s own knowledge (or potential misconception) and the correct information (Dersch et al., 

2022b; Sánchez et al., 2009). Such an impasse experience can, combined with a refutation text, further increase 

self-implication, which helps learners understand that they themselves hold the misconception and need to change 

it (Dersch et al., 2022b). Furthermore, refutation texts have been critiqued for being impersonal and for not taking 

learners’ individual prerequisites, such as prior knowledge, into account (Asterhan & Dotan, 2018; Zengilowski 

et al., 2021). Combining refutation texts with personalized feedback, however, combines the strengths of both 

methods. Accordingly, personalized refutation interventions have been found to be beneficial for conceptual 

change (Asterhan & Dotan, 2018), especially among teachers (Dersch et al., 2022b).  



     STUDY 3 107 

In a study by Dersch and colleagues (2022b), a common refutation text was found to be as effective as an 

expository text for promoting in-service teachers’ conceptual change about multimedia learning. However, 

conceptual change improved when the refutation text was combined with personalized feedback that shared 

information about the teachers’ misconception. The effect was mediated by feelings of internal blame (i.e., guilt 

and shame; Dersch et al., 2022b). While targeting these teachers’ misconceptions about multimedia learning led 

to an increase in negative affect related to internal blame, it was not related to an increase in negative affect related 

to external blame—with both in-service teachers (Dersch et al., 2022b) and student teachers (Prinz et al., 2021). 

Such negative affect of external blame would have been a potential symptom of a threat appraisal of a refutational 

message (Dersch et al., 2022b; Gregoire, 2003; Trevors et al., 2016). Negative affect related to external blame may 

be an indicator for repulse (Dersch et al., 2022b; Festinger et al., 1962). Repulse has been found to hinder learning 

(Chinn & Brewer, 1993), for instance due to the discounting of the refutation message leading to superficial, 

heuristic processing (e.g., Gregoire, 2003). According to the CAMCC (Gregoire, 2003), threat appraisal when 

confronted with refutational information is more likely or stronger when self-implication is increased. Hence, 

while personalized refutation texts hold potential for promoting in-service and preservice teachers’ conceptual 

change, they also hold risks. In comparison to non-personalized refutation texts, personalized refutation texts can 

potentially lead to stronger repulse, hampered learning (Gregoire, 2003), or even backfire effects (Lewandowsky 

& Cook, 2011; Jacobson et al., 2021; Trevors et al., 2016). 

Backfire Effects 

Backfire effects are the ironic reinforcement of a misconception after an attempted refutation 

(Lewandowsky et al., 2012). Backfire effects can, for instance, occur due to a refutational message contradicting 

learners’ core values or endangering learners’ self-concept, meaning, the combination of all schemas a learner 

holds about themselves and potentially want to maintain (Lewandowsky et al., 2020; Muis et al., 2015; Sherman 

& Cohen, 2002; Trevors et al., 2016). Backfire effects triggered by a potential endangerment of the self-concept 

are specified as worldview backfire (Lewandowsky et al., 2020). Worldview backfire can be explained by passive 

activation. Passive activation describes the mechanism of related constructs such as prior knowledge but also 

attitudes and emotions being unintentionally co-activated, when a certain (mis-)conception is activated (Ecker et 

al., 2014) for example when reading a refutation text (Kendeou & O’Brien, 2014). Whenever a misconception is 

related to attitudes, this increases the likelihood of those attitudes being activated when reading a refutation text 

about said misconception. If those attitudes are related to the self-concept, or core values, which an attempted 

refutation endangers, this increases the likelihood of negative affect of external blame and repulse, expressed for 



     STUDY 3 108 

instance through anger, which is related to backfire effects (Gregoire, 2003; Sherman & Cohen, 2002; Trevors et 

al., 2016). 

While there have been some failed attempts to replicate backfire effects in recent research (e.g., Ecker et 

al., 2023), worldview backfire is still the most likely backfire effect to occur (Lewandowsky et al., 2020), 

specifically for social-scientific topics (Jacobson et al., 2021). Such topics are oftentimes related to attitudes, core 

values or learners’ self-concept (Sherman & Cohen, 2002; Trevors et al., 2016). Math-gender misconceptions are 

a social-scientific topic combining knowledge about mathematics and gender. Mathematics is related to self-

concept, since mathematics is an important skill in education and beyond. Knowledge about one’s own 

mathematical competence, perceived difficulty of mathematics and beliefs about what is necessary to be good at 

mathematics hence forms part of the ability self-concept, or the academic self-concept, meaning implicit and 

explicit knowledge beliefs about (one’s own) academic abilities (Arens et al., 2021; Brookover et al., 1964; 

Ommundsen et al., 2007). Gender also forms part of the self-concept (Crain, 1996). Gender is an important social 

characteristic (Abrams et al., 1990), and an important factor for socialization in most societies (Stockard, 2006). 

Ideas about gendered mathematical ability differences are furthermore likely to have influenced many people’s 

own education and contributed to their career choices (e.g., Eccles, 2011; Wang & Degol, 2017). Hence, aiming 

to refute math-gender misconceptions might endanger the self-concept in different ways. This endangerment might 

then trigger worldview backfire.  

Furthermore, backfire, according to spreading activation, may not only reinforce the misconceptions 

themselves but also the related negative attitudes (Jacobson et al., 2021), like the math-gender stereotype. Jacobson 

et al. (2021) hence distinguish knowledge backfire and attitude backfire. Knowledge backfire describes the ironic 

reinforcement of a misconception itself, whereas attitude backfire describes the ironic reinforcement of a related 

attitude—or of a stereotype when aimed to be refuted or changed (Jacobson et al., 2021). 

When already expecting knowledge and attitude backfire, for a social-scientific topic like math-gender 

misconceptions, personalized refutation texts further increasing self-implication might also increase perceived 

stress caused by a message conflicting with own knowledge and beliefs (Gregoire, 2003), leading to stronger threat 

appraisal, more repulse (Gregoire, 2003) and a potentially even stronger backfire effect. We sought to examine 

whether this would be the case for math-gender misconceptions.  

Current Study and Hypotheses 

In this study, we aim at adding to the body of research on the refutation paradigm, which has been 

critiqued for focusing on few refutation text topics (Zengilowski et al., 2021), by testing it for the new topic of 

math-gender misconceptions. The refutation text paradigm has furthermore been critiqued for being overly 
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authoritative (Zengilowski et al., 2021) and not addressing learners’ personal prerequisites (Asterhan & Dotan, 

2018). Hence, in this study we address this by researching the effects of personalized refutation texts (= 

personalized feedback + refutation text). Specifically, we research whether personalized feedback with expository 

text can be sufficient for teachers’ conceptual change or if personalized refutation text remains the strongest 

method for teachers’ conceptual change. We also include the behavioral measure of teachers’ awareness towards 

math-gender stereotype-reinforcing behaviors to test the impact of our intervention on teachers’ perception of 

relevant situations (Authors, submitted). We do so by applying a 2x2 design with refutation text vs. expository 

text, and personalization vs. no personalization. We further want to find out if (personalized) refutation text can 

hamper conceptual change on the social-scientific topic of math-gender misconceptions, which might cause 

backfire effects. Additionally, we research the role of negative affect of internal blame in driving conceptual 

change and negative affect of external blame hampering conceptual change or causing backfire effects. Lastly, we 

want to explore a potential influence on the math-gender stereotype and specific attitudes towards closing the 

math-gender gap. Hence, we aimed to address the following preregistered hypotheses 

(https://aspredicted.org/F3R_X79).3 

Main Hypotheses 

H1. Personalized Refutation Text Hypothesis 

We predict that the positive effect of personalized refutation texts on teachers’ conceptual change is stable 

for a social-scientific topic, which is more likely to trigger backfire effects (e.g., Trevors et al., 2016). Teachers’ 

conceptual change, meaning their reduction of math-gender misconceptions, should be strongest when learning 

from personalized refutation texts. Furthermore, teachers should be most aware towards math-gender stereotype-

reinforcing behaviors in this condition.  

H2. Shame-drives-change Hypothesis 

We assume that negative affect related to internal blame mediates the positive effect of personalized 

refutation text on conceptual change and awareness towards math-gender stereotype-reinforcing behaviors. 

Participants who learn about math-gender misconceptions from personalized refutation text should experience 

more negative affect related to internal blame. This increased negative affect should increase conceptual change. 

 

 

                                                 
3 In this first experiment, we decided to focus on studying the hypothesis regarding conceptual change. Based on our 

experimental design, we can only draw preliminary conclusions on potential attitude change. Hence, we decided to change 

the order of the preregistered hypotheses and adapt their wording accordingly. While the attitude-hypotheses allow for a first 

exploration, further research is necessary, to assess a potential impact on attitude more in detail. 

https://aspredicted.org/F3R_X79
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H3. Knowledge Backfire Hypotheses  

Contrary to our prior hypotheses, and also based on our literature review, the interventions could also 

cause backfire effects. Conceptual change effects might then be on average less pronounced or misconceptions 

might even be reinforced. This may be likely for personalized and non-personalized refutation texts. In these 

conditions, awareness towards math-gender stereotype-reinforcing behaviors would then be lowest in comparison 

to the other conditions. 

H4. Anger-mediates-knowledge-backfire Hypothesis 

Knowledge backfire might be mediated by negative affect related to external blame. Participants who 

read (personalized) refutation texts might experience more negative affect related to external blame (e.g., anger). 

This increased affect of external blame might lead to less awareness towards math-gender stereotype-reinforcing 

behaviors or to less conceptual change and misconceptions being reinforced among these participants in 

comparison to those who learn from (non-personalized) expository texts.  

Exploratory Hypotheses 

H5. Conceptual-change-makes-attitude-change Hypothesis 

We explore if reducing math-gender misconceptions reduces the math-gender stereotype. The most 

effective condition at fostering conceptual change might reduce the math-gender stereotype most. 

H6. Attitude Backfire Hypothesis 

The interventions might further cause attitude backfire for the topic of math-gender misconceptions / the 

math-gender stereotype. Attitudes might then be on average more negative in a condition with stronger backfire 

effects. This might be likely for personalized and non-personalized refutation texts. 

H5b. Anger-mediates-attitude-backfire Hypothesis 

Potential attitude backfire might also be mediated by negative affect related to external blame (e.g., 

anger). Participants who receive (personalized) refutation texts might experience more negative affect related to 

external blame. This increased affect of external blame might negatively affect the attitude of these participants in 

comparison to participants reading (non-personalized) expository texts. 

Method 

The local ethics board approved this study (LEK FB06 2020-0042). 

All research data has been made publicly available, including syntax for statistical analyses, via 

https://osf.io/tp2sn/?view_only=4b1e6050d2d74e57b91c377742be973e (link will be converted into a doi upon 

publication of this manuscript). 
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Participants and Design 

Participants were recruited online via a university student recruiting system in Germany (SONA) and an 

online news page for teachers in German language (News4Teachers). Participants were screened to be either 

student teachers or in-service teachers prior to participation. Initially, 476 teachers provided informed consent to 

our online study. Of these, 42 participants dropped out before starting the study, and 84 participants dropped out 

over the course of the study. Dropout was similarly distributed among conditions, χ2 (3) = 5.22, p = .156.  

Overall, 350 participants completed the online learning experiments. Two of these 350 participants were 

excluded because they indicated that they had not participated in the study faithfully, another 12 were excluded 

because they indicated they had been so distracted during their participation so that their data should not be used, 

yielding a final sample of N = 336 participants (266 female, 69 male, 1 non-binary; Mage = 27.56 [SD = 12.77, 

range = 18—75 years]).4 Participating (student) teachers had on average 5.08 years of teaching experience (SD = 

9.52). Of these participating (student) teachers, 85 (25.3 %) were fully examined in-service teachers, 50 (14.9 %) 

were student teachers advanced in their training who already taught at schools, and 201 (59.8 %) indicated that 

they did not have any teaching experience, yet. A majority of the participating teachers (n = 204; 60.7 %) taught 

or studied to teach at secondary schools, while the remaining participants (n = 132; 39.3 %) taught or studied to 

teach at primary schools. For a detailed overview of the distribution of these demographics among conditions, see 

Table 1.  

We had initially preregistered a sample of N = 250. We aimed at this sample consisting of substantial 

subsamples of teachers and student teachers. However, when reaching 250 participants, only few in-service 

teachers had participated, which is why we collected more data. Yielding a subsample of n = 85 teachers and n = 

251 student teachers.  

Participants were randomly assigned to one of four experimental conditions in a 2x2 design (personalized 

feedback and refutation text [n = 93]; personalized feedback and expository text [n = 86]; common refutation text 

[n = 74]; common expository text [n = 83]).  

Materials and Experimental Manipulations 

For a graphic depiction of the manipulation described in the following, see Figure 1. In all conditions, 

participants read texts about mathematics and gender. The texts matched the misconception scales from the pre-

test. One text targeted the empathizing-systemizing misconception (Dersch et al., 2022a). In all four conditions, 

the text started with the question “Do boys think more systematically, whereas girls think more empathically—

                                                 
4 Of these 336 participants, 266 participants completed the video task (for description, see Materials section). Since the video 

task consisted of four short videos, 70 participants had to be excluded due to technical difficulties (e.g., no headphones at 

hand in a public area, technical issues with playing the videos fluently due to bad internet connection).  
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and what influence does this have on mathematical talent?” Then the text presented an explanation with scientific 

evidence on the topic (163 words). The second text was targeted at the girls’ compensation misconception (Dersch 

et al., 2022a). In all four conditions, the text started with the question “Do girls compensate for their lack of 

mathematical talent through harder work?” Then the text presented an explanation with scientific evidence on the 

topic (190 words). The common expository text was the same for all for conditions and contained scientific 

references in APA-style, which aims at increasing text credibility (e.g., Vaughn, 2018). The other conditions 

(personalized refutation text, personalized expository text, refutation text) contained additional text components, 

which will be described next. 

In the personalized text conditions (personalized refutation text, personalized expository text), 

participants additionally received a feedback based on their prior performance in the pre-test (43 – 52 words). 

Feedback on performance in the empathizing-systemizing scale was provided before the text about empathizing-

systemizing, feedback on performance in the girls’ compensation scale was provided before the text about girls’ 

compensation. Feedback reflected participants’ answers. This means participants were either informed that their 

answers were (1) in line with current scientific evidence (i.e., they had correctly disagreed with all items per 

misconception scale), (2) reflected uncertainty (i.e., they had agreed to at least one misconception item per scale, 

while relatively uncertain [absolutely uncertain to somewhat certain]) or (3) were not in line with current scientific 

evidence (i.e., they had agreed to at least one item per misconception scale with high certainty [certain or 

absolutely certain]; cf. Dersch et al., 2022b). As an example, the feedback before the empathizing-systemizing 

text if participants had correctly disagreed with all misconception items on this scale was:  

The evaluation of your answers shows that you have answered the questions on empathic and systematic 

thinking in boys and girls and their effects on mathematical talent in line with the scientific findings. In the 

following you can familiarize yourself once again with the scientific findings and supplement your 

knowledge on the subject. 

In the common text conditions (common refutation text or common expository text) participants did not receive 

personalized feedback on prior performance. In the refutation text conditions (common refutation text, 

personalized refutation text), before reading the expository texts (and after potential personalized feedback in the 

personalized refutation text condition), participants read a refutation (32—77 words). For the empathizing-

systemizing text, this refutation was  

Many people think that the male and female brains are different from birth and that boys therefore think 

more systematically than girls from birth. According to this conceptions, systematic thinking is assumed to 

be fundamental for mastering mathematics. On the other hand, girls are assumed to think more 
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empathically, which according to this assumption would be less helpful for mastering mathematics. 

Accordingly, many people assume that boys are better at math from birth. However, these assumptions are 

incorrect and not in line with the scientific consensus.  

Participants in the expository text conditions (personalized expository text or common expository text) did 

not receive this refutation. All texts were in German. According to Flesch-Kincaid index for German language 

texts, all texts were at a college student level (30 – 44). This is in line with the target group for this intervention 

being university students and graduated in-service teachers. For a translation into English of all text types 

(personalized refutation text, personalized expository text, refutation text, expository text) about both topics 

(empathizing-systemizing, girls’ compensation), see Appendix A.  

Measures 

Short Version of the Math-gender Misconception Questionnaire 

For the pre-test and the post-test, we assessed teachers’ misconceptions with the short version of the Math-

gender Misconceptions Questionnaire (MGMQ-s; Authors, submitted). The MGMQ-s consists of two 

misconceptions scales (empathizing-systemizing [e.g., “As girls think rather empathically and boys think rather 

systematically, boys are on average more talented in mathematics than girls.”; ω = .88] and girls’ compensation 

[e.g., “For the same grades in mathematics, boys, on average, work less hard than girls, as boys have more natural 

talent.”; ω = .70]; Authors, submitted). The internal consistencies of both scales were similar in our sample (see 

Table 2). Both scales contain four items each. Since these eight misconception items describe scientifically 

unsupported statements, the correct answer is disagreeing with them. Hence, the MGMQ-s additionally contains 

eight (50 %) correct filler items to balance the questionnaire and avoid answer tendencies (Moosbrugger & Kevala, 

2012; cf. Dersch et al., 2022a; Eitel et al., 2021). Filler items describe true statements related to the math-gender 

gap. Filler items were not analyzed here. To control for positioning effects, all MGMQ-s items were presented in 

a newly randomized order for each participant (cf. Dersch et al., 2022a).  

For each item, participants first dichotomously indicated if they thought the statement was correct or 

incorrect (i.e., agreement). Then, participants indicated their certainty regarding the (in-)correctness of said 

statement on a five-point Likert-scale from absolutely uncertain to absolutely certain (i.e., certainty; cf. Dersch et 

al., 2022a; Eitel et al., 2021). We then calculated misconception scores with the four misconception items per scale 

by multiplying agreement (coded with +1) or disagreement (coded with -1) and response certainty (coded from 0 

= very uncertain to 4 = very certain). Stronger misconceptions were hence expressed through higher misconception 

scores (see Table 2, for descriptive values). The range of possible values per item were -4 to +4 (cf. Authors, 

submitted; Dersch et al., 2022a; Eitel et al., 2021). We computed an average misconception score from both 
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misconceptions, both for the pre-test and the post-test. Conceptual change scores were then calculated by 

subtracting the pre-test result from the post-test result. Additionally, we used a criterion to determine whether a 

misconception was present or not. A misconception was assumed to be prevalent, if a participant agreed to at least 

one item per the respective misconception scale with high certainty (certain or absolutely certain; cf. Dersch et 

al., 2022b).  

Affect and Cognitive Processes During the Intervention 

To measure participants’ affect, after learning from the texts we used the Positive- and Negative Affect 

Schedule (PANAS) for the moment (Watson et al., 1988), which measures the affect in the present moment. It 

consists of 20 items. Each item is one affect word (e.g., guilty). Participants rated the intensity of each affect on a 

five-point Likert-scale from ‘little or not at all’ to ‘extremely’. We were interested in the negative affect scale. The 

internal consistency for the negative affect scale is α Cronbach = .89 (good; Watson et al., 1988).  

We further assessed participants’ extraneous and intrinsic cognitive load using the two respective scales 

of the Naïve Cognitive Load Questionnaire (Klepsch et al., 2017) to control for potential differences in text 

complexity between conditions, which we assumed to be expressed in differences in extraneous or intrinsic load 

(see also Dersch et al., 2022b). We adapted the items to better fit our intervention being reading texts. All items 

have 7-point Likert scales from completely wrong to absolutely right. We used all three items for extraneous load 

(e.g., “The design of the texts was very inconvenient for learning”). The internal consistency of the adapted 

extraneous load scale was good, α Cronbach = .82. We used both items for intrinsic load (e.g., “Reading the texts was 

very complex.”). The internal consistency of the adapted intrinsic load scale was acceptable, α Cronbach = .71. We 

further assessed participants’ active and passive mental effort during reading the texts (Klepsch & Seufert, 2021). 

These items were also adapted to the reading task (e.g., “I put effort into reading the texts.”). 

Behavioral Measure 

We included a behavioral measure, which in a prior study had been correlated with math-gender 

misconceptions (Authors, submitted), to determine if our intervention would not only influence conceptual change 

but potentially also influence behaviors. The behavioral measure was a video task testing awareness towards math-

gender stereotype-reinforcing behaviors. Before watching the videos, participants read instructions stating that the 

following task was independent from the prior tasks about mathematics and gender and that we wanted to assess 

their general teaching abilities. Since in a real-life situation math-gender stereotype-reinforcing behaviors would 

occur without prior warning or learning about the topic, we aimed at increasing ecological validity like this. Hence, 

participants did not know that such behaviors would occur (see also Authors, submitted).  
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The videos were fully scripted. Each classroom video showed a female model teacher’s math-gender 

stereotype-reinforcing behavior in a math lesson, for example the teacher praising girls exaggeratedly for very 

easy tasks while praising boys moderately for more difficult tasks. Furthermore, the videos contained distractors, 

for example the female model teacher using a random numbers generator. For all full video scripts, see Authors 

(submitted).  

The videos were presented each on a separate page. The videos were between 0:12 minutes and 2:10 

minutes. The videos were presented in the same order for all participants because the math-gender stereotype-

reinforcing behaviors increased in explicitness between videos. During video presentation participants answer the 

open question: “List any relevant teaching strategies and teacher behaviors you notice. Which of these behaviors 

and strategies would you adopt and which not? Give a brief explanation.” Participants could watch each video 

once, like in a real-life situation. However, participants could pause the video as often as they wanted to, to prevent 

them from experiencing time constraints while answering the question for each video (Authors, submitted).  

We combined teachers’ detection of math-gender stereotype-reinforcing behaviors (1 = mentioning; 0 = 

not mentioning) and participants’ critical evaluation of math-gender stereotype-reinforcing behaviors (meaning if 

they argued with the math-gender gap, demotivation of girls and this being possibly detrimental; -3 to +3) by 

summing them up to awareness. For the full scoring rationale, see Authors (submitted). Two independent raters 

quantified participants’ open answers. One rater had a degree in psychology and substantial knowledge about the 

math-gender stereotype, doing their PhD on the topic, the other rater was a student teacher in their final year before 

first state examination and trained by the first rater. Both raters were blinded for conditions. The first rater 

quantified 100 % of all answers, while the second rater quantified about 50 % to assess interrater reliability. 

Interrater reliability was good, κCohen = .73, z = 13.43, p < .001 (Altmann, 1990).  

Here, awareness towards math-gender stereotype-reinforcing behaviors did not correlate with 

misconceptions in the pre-test, r = -.03, p = .589, nor with misconceptions in the post-test, r = -.08, p = .173, nor 

with conceptual change, r = .03, p = .585. Hence, we treat it as additional behavioral measure, not as a transfer 

measure. 

Attitude and Stereotype Measures 

Participants indicated how female-to-male they perceived math from 1 (very female) via 5 (neutral) to 9 

(very male) on a rating scale (Dersch et al., 2022a; Nosek et al., 2010; Steffens & Jelenec, 2011).  

Furthermore, participants answered two items about the math-gender gap (“The math-gender gap, 

meaning women being less represented in the field of mathematics than men, should be reduced.”, “Equal 
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treatment and rights of the genders in mathematical jobs is important.”; r = .34), each on a five-point Likert-scale 

from do not agree at all to fully agree. 

Demographics  

We asked for participants’ age, their sex assigned at birth, gender they identify with, native language, 

teaching (or study) subjects, school type they will work at or already work at, and semesters studied as well as 

their practical experience in teaching.  

Control for Faithful Participation 

At the end of the survey, participants answered two dichotomous questions (“Did you follow the 

instructions while completing this study?”, “Were you able to complete the questionnaire without distraction?”). 

Being an online experiment, these items allowed for an assessment of data quality. Participants who did not follow 

the instructions (n = 2) or participants who reported they had been too distracted during participation for their data 

to be used (n = 13) were excluded from further analysis.  

Procedure 

The experiment was conducted in an online setting (Questback by Unipark). Before starting the study, 

participants gave informed consent. Then participants filled in the MGMQ-s (Authors, submitted) as pre-test. In 

the following learning phase, all participants read two texts about mathematics and gender (targeted at the 

empathizing-systemizing misconception and girls’ compensation misconception). The instruction for the learning 

phase was the same for all four conditions: “Please read the two following texts about mathematics and gender 

differences thoroughly.” Text style depended on the condition participants were in (common refutation text, 

common expository text, personalized refutation texts, personalized expository text). Participants could only 

forward the page after 35 seconds per text, which is the time to quickly read each text. Hence, the learning phase 

took minimum 70 seconds. After the learning phase, participants answered questions about affect, cognitive load, 

and mental effort. Then, participants took the MGMQ-s again as a post-test. This post-test was followed by the 

Video Task. Afterwards, participants indicated their math-gender stereotype, their feminism and their attitudes 

towards mathematics and gender. Participants then answered questions about their demographics and their 

thorough participation. Finally, participants were fully debriefed and thanked for their participation. The 

participation in this online experiment took on average Md = 29,14 minutes. 

Results 

We conducted preliminary analyses, before testing the hypotheses. We used IBM SPSS statistics v30 for 

all analyses. For our hypotheses, we applied orthogonal contrast analyses, an ANOVA (both at an α-level of .05) 

and mediation analyses with the PROCESS macro for SPSS (10,000 bootstrapping samples; Hayes, 2018). For 
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effect sizes we reported partial eta-squared and R-squared. Small values are .01, medium values are .06 and larger 

values are .14.  

Preliminary Analyses 

According to histograms, both dependent variables, conceptual change and awareness towards math-

gender stereotype-reinforcing behaviors, were approximately normally distributed in each condition. According 

to χ²-tests, gender, German as native language, school type to teach at (primary or secondary school) and status 

(student teacher vs. fully examined in-service teacher) were equally distributed among all four conditions (ps > 

.05). According to ANOVAs, age, teaching experience, and misconceptions in the pre-test did not differ between 

all four conditions (ps > .05). These results suggest a successful randomization. Intrinsic cognitive load and 

extraneous cognitive load also did not differ between conditions (ps > .05). These results suggest that varying text 

length (personalized refutation text > refutation text ≈ personalized expository text > expository text) did not 

influence intrinsic or extraneous cognitive load. 

For an overview of the distribution of control variables, see Table 1.  

Preregistered Main Analyses 

H1. Personalized Refutation Text Hypothesis 

Conceptual Change. Teachers’ conceptual change should be strongest and hence conceptual change 

scores highest for those who read personalized refutation texts. We used orthogonal contrast analyses to test this 

pattern of one condition being stronger than the other three conditions in a 2x2 design. We translated the hypothesis 

into a contrast, in which common expository text, common refutation text and personalized expository text 

conditions were supposed to display lower conceptual change scores than the condition with personalized 

refutation text (contrast #1: [−1 −1 −1 +3]). To rule out possible alternative explanations, within the second 

contrast, we tested if personalized expository text differed from the other two conditions, meaning if personalized 

refutation text was sufficient to foster teachers’ conceptual change (contrast #2: [−1 −1 +2 0]). Within the third 

contrast, we tested if common expository text and common refutation text differed from one another (contrast #3: 

[−1 +1  0  0]), to rule out this alternative explanation. The first contrast as our assumed explanation and a 

combination of the alternative explanations of the second and third contrast served as independent variables in a 

linear regression analysis with conceptual change score (post-test result – pre-test result) as dependent variable. In 

a regression model with all 336 participants, we did not find the contrasts to significantly predict conceptual change 

scores (t > 1). Analyzing those participants (n = 96; 28.57 %) who had held both misconceptions in the pre-test 

(agreeing to at least one misconception item per scale with high certainty; see also Dersch et al., 2022b) and hence 

received the feedback of having these misconceptions before reading the refutation texts, results revealed that 
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contrast #1 significantly predicted conceptual change scores, b = .26, SE = .13, t(92) = 4.16, p = .044, R2 = .05, 

whereas both residual contrasts did not, t < 1. This finding supports the Personalized Refutation Text Hypothesis 

assuming that personalized refutation text most prominently fosters teachers’ conceptual change for participants 

with misconceptions. For the result pattern see Figure 2.  

Behavioral Measure. To test if conceptual change influenced the behavioral measure of awareness 

towards math-gender stereotype-reinforcing behaviors, we analyzed all participants who provided enough data in 

the behavioral measure to be included (n = 266) applying the same contrasts of personalized refutation texts being 

superior in comparison to personalized expository text, common refutation text and common expository text 

(contrast #1: [−1 −1 −1 +3]) as well as comparing personalized expository text to common refutation text and 

common expository text (contrast #2: [−1 −1 +2  0]) and comparing common refutation text and common 

expository text (contrast #3: [−1 +1  0  0]) with the dependent variable of awareness towards math-gender 

stereotype-reinforcing behaviors. Neither contrast predicted awareness, ts < 1. These results do not support the 

Personalized Refutation Text Hypothesis for the behavioral measure. 

We further analyzed all participants, who had held both misconceptions in the pre-test of those who 

provided data for the behavioral measure (n = 82; 30.8 %). Results revealed that the first contrast testing 

personalized refutation texts against the other conditions significantly predicted lower awareness among those 

participants with both misconceptions in the pre-test, b = -.09, SE = .04, t(78) = -2.01, p = .047, R2  = .06, suggesting 

backfire effects in the behavioral measure for this subsample (n = 82). The combination of the second and third 

contrast testing refutation texts against common expository texts and personalized expository text against both 

non-personalized text forms did not predict effects in the behavioral measure, t<1.  

These results suggest that, among those participants with both misconceptions in the pre-test, personalized 

refutation texts may have caused backfire effects regarding awareness towards math-gender stereotype-reinforcing 

behaviors.  

H2. Shame-drives-change Hypothesis 

Conceptual Change. We tested whether personalized refutation text would trigger negative affect related 

to internal blame, which would then drive conceptual change. Therefore, we applied a mediation analysis with the 

contrast for personalized refutation text vs. the other conditions as independent variable (contrast: [−1 −1 −1 +3]), 

reported feelings of shame and guilt as a mediator, and conceptual change scores as dependent variable. Results 

did not reveal a significant mediation for all 336 participants, indirect effect: ab = -.003, SE = .01, BCa Cl 95 [-

.02, .01], R2 = .001, nor specifically for participants who had held both misconceptions in the pre-test (n = 96, 

28.57 %), indirect effect: ab = -0.2, SE = .02, BCa Cl 95 [-.07, .02], R2 =.01. However, we did find a small but 
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significant positive correlation of internal blame and conceptual change scores analyzing all 336 participants, r = 

.14, p = .009. This suggests that while stronger internal blame was related to more conceptual change, this internal 

blame was not increased by personalized refutation texts, not supporting the Shame-drives-change Hypothesis.  

Behavioral Measure. We had assumed that more awareness towards math-gender stereotype-reinforcing 

behaviors in the personalized refutation text condition might be mediated by more negative affect related to internal 

blame. Since we did not find any positive condition effects for this behavioral measure, we did not test this 

hypothesis.  

H3. Knowledge Backfire Hypothesis 

Conceptual Change. To test for knowledge backfire effects, meaning math-gender misconceptions being 

reinforced after or due to the intervention, we conducted a 2x2-ANOVA. The dependent variable was (negative) 

conceptual change scores with personalization vs. non-personalization and refutation vs. expository as factors, to 

determine which conditions were most likely to trigger the strongest knowledge backfire effects. We applied an 

ANOVA, because we did not know how exactly and in which condition(s) backfire effects would occur.  

Results revealed a significant dysordinal interaction effect for personalization with refutation, F(1, 38) = 

8.11, p = .007, ηp² = .18, while there were no main effects for personalization nor refutation (ps > .05). These 

findings suggest that personalized refutation texts caused the strongest knowledge backfire effects among those 

participants who backfired, while common refutation text and personalized expository text did not. Overall, 42 

participants’ (12.5 %) conceptual change was negative, meaning their post-test math-gender misconceptions were 

higher than their pre-test math-gender misconceptions, that is knowledge backfire effects. However, only eight of 

the participants who backfired held both misconceptions in the pre-test, 34 (10.1 %) either held only one 

misconception or no misconception at all. Excluding those eight participants, who held both misconceptions, we 

still found a significant interaction effect for personalized refutation texts causing the most backfire effects within 

the remaining participants (n = 34; 10.1 %), F(30) = 6.05, p = .020, ηp² = .17. For the result pattern, see Figure 3. 

Our findings indicate knowledge backfire effects in the personalized refutation text condition, as assumed in the 

Knowledge Backfire Hypothesis.  

Behavioral Measure. We found awareness towards math-gender stereotype-reinforcing behaviors for 

participants in the personalized refutation text condition with both misconceptions in the pre-test (n = 82; 30.8 %) 

to be significantly worse than in the remaining conditions, b = -.09, SE = .04, t(78) = -2.01, p = .047, R2  = .06 (see 

also Personalized Refutation Text Hypothesis, Behavioral Measure). This suggests backfire effects for awareness, 

supporting the Knowledge Backfire Hypothesis for the behavioral measure.  
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H4. Anger-mediates-knowledge-backfire Hypothesis 

Conceptual Change. We expected knowledge backfire to be mediated by negative affect related to 

external blame. This would be expressed by participants who read (personalized) refutation texts experiencing 

more negative affect related to external blame (e.g., anger). This increased affect of external blame would lead to 

less conceptual change among these participants in comparison to those who learn from (non-personalized) 

expository texts. We conducted a mediation analyses with those participants who backfired (n = 42; 12.5 %). While 

our analyses revealed a direct effect, c’ = -.24, SE = .08, p = .006, it did however not reveal an indirect effect, ab 

= -.0002, SE = .01, BCa Cl 95 [-.01, .03], indicating no mediation effect. Additionally, among those participants 

who backfired in conceptual change (n = 42), negative affect of external blame did not differ significantly between 

condition, Fs < 1. For those participants who backfired, negative affect of external blame was furthermore 

unrelated to conceptual change, r = -.061, p = .701. Anger did hence not mediate knowledge backfire, meaning it 

did not drive negative conceptual change. 

Behavioral Measure. Since we found backfire effects for awareness towards math-gender stereotype-

reinforcing behaviors among those participants who had held both misconceptions in the pre-test (n = 82; 30.8 %) 

we applied a mediation analysis to test if this backfire effect was driven by negative affect of external blame. 

Results did not reveal a significant mediation, indirect effect: ab = -.003, SE = .01, BCa Cl 95 [-.02, .01], R2 = .07. 

Furthermore, negative affect of external blame was not related to awareness, p > .05. These results do not support 

the Anger-mediates-knowledge-backfire Hypothesis for the behavioral measure of awareness towards math-

gender stereotype-reinforcing behaviors. 

Preregistered Peripheral Analyses 

H5. Conceptual-change-makes-attitude-change Hypothesis 

We explored if conceptual change on math-gender misconceptions would reduce the math-gender 

stereotype or foster positive attitudes regarding closing the math-gender gap. We applied the same contrasts as 

before (#1: [−1 −1 −1 +3] for our main explanation, #2: [−1 −1 +2 0] and #3: [−1 +1  0  0] both to rule out alternative 

explanations) with the dependent variables of the global math-gender stereotype and specific positive attitudes 

towards gender equity in mathematics. We tested whether the most effective condition for fostering conceptual 

change—personalized refutation text among those participants who had held both misconceptions in the pre-test (n 

= 96; 28.6%)—would reduce the math-gender stereotype or foster specific positive attitudes towards gender equity 

in mathematics compared to other conditions. Analyzing those participants who had held both misconceptions in 

the pre-test as well as all 336 participants, we found that personalized refutation texts did not foster either attitude 

change more than the other conditions, ps > .05. Furthermore, since we did not measure attitudes before and after 
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the intervention, we report correlations here. For all participants, math-gender misconceptions at the post-test were 

negatively and significantly correlated with positive attitudes towards gender equity in mathematics, r = -.20, p < 

.001, implying that lower levels of math-gender misconceptions at post-test, predicted more positive attitude towards 

equity in mathematics and closing the math gender gap. These findings point toward the direction of the Conceptual-

change-makes-attitude-change Hypothesis. 

H6. Attitude Backfire Hypothesis 

We explored whether participants who read the (personalized) refutation texts had a more negative attitude 

towards the math-gender gap being closed or stronger a math-gender stereotype than participants who read the (non-

personalized) expository texts about math-gender misconceptions. Namely, we conducted a 2x2-MANOVA with 

all 336 participants, with the two attitude measures of the math-gender stereotype as well as participants’ attitude 

towards (closing) the math-gender gap as dependent variables and personalization vs. non-personalization and 

refutation vs. expository as factors. We found no main effects nor an interaction effect (ps < .05). We further 

conducted the same MANOVA with participants who had held both misconceptions in the pre-test (n = 96; 28.6 

%). Here, we did not find any effects either (ps < .05). However, analyzing all participants with knowledge backfire 

(n = 42; 12.5 %), we found a main effect for personalization on specific positive attitudes towards gender equity in 

mathematics, F(1, 32) = 5.92, p = .021, ηp² = .16, suggesting that attitude backfire was weakest and hence attitudes 

towards closing the math-gender gap most positive for those participants in both personalized conditions, 

personalized expository text and personalized refutation text. However, while descriptively going to a similar 

direction, this effect was not significant for the general math-gender stereotype (p > .05) and hence missed 

significance within the MANOVA with both dependent variables (p = .05). These findings suggest that 

personalization may have a positive effect for those participants with knowledge backfire to prevent attitude backfire 

or even improve attitude in comparison to the other conditions. However, this holds true only for more specific 

attitudes towards the math-gender gap, not for the general math-gender stereotype.  

H7. Anger-mediates-attitude-backfire Hypothesis.  

We hypothesized that attitude backfire would be mediated by negative affect related to external blame 

(e.g., anger). Since we did not find evidence for attitude backfire, we did not conduct this mediation analysis. 

Discussion 

We examined whether teachers’ conceptual change is strongest using personalized refutation text in a 2x2 design 

comparing it to non-personalized refutation text, personalized expository text and non-personalized expository text. 

We were interested if teachers’ math-gender misconceptions could be successfully reduced using personalized 

refutation text or if personalized expository text or common refutation would be sufficient for teachers’ conceptual 
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change. Teachers being a challenging target group for conceptual change interventions (Gregoire, 2003) and math-

gender misconceptions being an attitude-prone (e.g., Abrams et al., 1990), social-scientific topic likely triggering 

worldview backfire (Jacobson et al., 2021), we also accounted for backfire effects (e.g., Lewandowsky, 2012). 

Furthermore, we aimed to understand the role of affect related to internal blame and external blame for successful 

conceptual change and for backfire effects. Lastly, we explored the potential effects of our intervention(s) on attitude 

and potential attitude backfire. 

Personalized Refutation Texts Can Foster Conceptual Change  

We found that participants benefited most from personalized refutation text in comparison to common 

refutation text, personalized expository text or common expository text. However, we only found this effect for 

participants who had held both misconceptions in the pre-test. This means, for these participants, personalized 

refutation texts that combined personalized feedback about their misconception with a refutation text targeting this 

misconception, fostered the most conceptual change. This finding is in line with theoretical approaches on teachers’ 

conceptual change, which suggest that teachers need additional self-implication for successful conceptual change 

(e.g., Gregoire, 2003). Additionally, our finding is in line with previous research suggesting that personalized 

refutation instruction can be a powerful tool revising misconceptions (Asterhan & Dotan, 2018), especially for 

teachers (Dersch et al., 2022b).  

Findings also suggest that, for teachers who hold misconceptions, neither personalized expository texts nor 

common refutation texts are enough to foster their conceptual change more than common, non-personalized 

expository text. In other words, for this specific group, personalized refutation texts can be confirmed to best foster 

conceptual change (see also Dersch et al., 2022b).  

Backfire Effects 

However, the positive effect of personalized refutation texts was not present among all participating 

teachers, but only among those with misconceptions. This finding may be due to backfire effects, which we found 

to be strongest in the personalized refutation text condition. Yet, contrary to what we had assumed, worldview 

backfire was most likely not the kind of backfire that occurred, since we found backfire effects to be strongest for 

participants who had held no or only few misconceptions at pre-test. Contrary to our expectations, worldview 

backfire is unlikely to have occurred because it likely occurs among people who hold misconceptions and are certain 

in their misconceptions (Eitel et al., 2021; Lewandowsky et al., 2020). However, participants who backfired were 

uncertain or did not hold any misconceptions in the pre-test. Worldview backfire would furthermore likely be related 

to negative affect related to external blame (Trevors et al., 2016). However, participants who backfired did not hold 

strong misconceptions and their backfire effects were not related to negative affect of external blame.  
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Hence, we likely found familiarity backfire. Familiarity backfire occurs when the mere mentioning or 

describing of a misconception reinforces the misconception by making it more familiar to people (Lewandowsky et 

al., 2020). Evidence on familiarity backfire is mixed, while newer research could not replicate it (Ecker et al., 2023). 

What might however still have led to familiarity backfire in this study, especially among the subgroup of participants 

who received personalized refutation texts while not holding misconceptions prior, is the combination of (1) not 

being familiar with the misconception before being confronted with it (see also Ecker et al., 2023), (2) being 

confronted with the misconception not once, as in common refutation texts (see Kendoeu & O’Brien, 2014), but 

twice. Namely, participants in the personalized refutation condition first received feedback about not holding a 

misconception, before reading the refutation text which mentioned the misconception again. Therefore, in this 

specific case the increased familiarity was greater than the refutational benefit, which rarely happens, but still likely 

causes familiarity backfire (Lewandowsky et al., 2020).  

We further found signs of backfire effects in the behavioral measure of awareness towards teacher 

behaviors that might reinforce the math-gender stereotype in the classroom. Here, personalized refutation text led 

to less awareness towards math-gender stereotype-reinforcing behaviors than common expository text, refutation 

text or personalized expository text. Our findings here are similar to prior findings, which did not reveal effects of 

(personalized) refutation text on behavioral measures among student teachers (Prinz et al., 2022) and in-service 

teachers (Dersch et al., 2022b; Ferrero et al., 2020a). In one study, Ferrero et al. (2020b), similar to our findings, 

also found backfire effects in a behavioral measure. One possible explanation is the continued influence effect 

(Seifert, 2014). This effect describes individuals oftentimes relying on misconceptions in their reasoning and 

decision making—for instance in a behavioral measure like here—even after a successful refutation of said 

misconception (Seifert, 2014).  

The Role of Negative Affect of Internal or External Blame 

In this sample, we found neither negative affect of internal blame, such as guilt or shame, nor negative 

affect of external blame, such as anger, to mediate teachers’ conceptual change or backfire affects when targeting 

teachers’ math-gender misconceptions. For external blame, our findings are in line with previous findings, who did 

also not find negative affect of external blame to influence findings (Dersch et al., 2022b; Prinz et al., 2022). For 

internal blame, our findings are, however, not in line with previous research, which, for the topic of multimedia 

learning did find internal blame to mediate conceptual change (Dersch et al., 2022b). While we did find a relation 

of negative affect of internal blame with conceptual change, this was seemingly not influenced by the condition 

participants were in. It may have rather been due to the topic itself, because related attitudes are likely stronger for 

the social-scientific topic of math-gender misconceptions (e.g., Abrams et al., 1990; Crain et al., 1996; Jacobson et 
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al., 2021). Hence, not the manipulation, but the topic triggered negative affect of internal blame, which then may 

have enhanced conceptual change. Personalized refutation texts were, however, the most effective condition at 

fostering conceptual change. This might be due to other processes than the attempted increase in self-implication. 

Personalization may have led to the activation of self-schemata improving the integration of the to-be-learned 

information in these prior knowledge structures (Markus, 1977). Furthermore, meta-cognition (Vosniadou, 1994) 

and cognitive co-activation of the misconceptions and the alternative explanation (Kendeo & O’Brien, 2014), may 

have been enhanced by personalized feedback being combined with refutation text.  

Potential Effects on Attitude 

We also explored if conceptual change of math-gender misconceptions might reduce the math-gender 

stereotype or lead to more positive attitudes towards closing the math-gender gap. We did not find condition effects. 

We did however find a negative relation between math-gender misconceptions at post-test and the more specific, 

equity-oriented attitude towards the math-gender gap. Namely, we found that lower levels of misconceptions at 

post-test were related to more positive attitudes towards equity in mathematics and closing the math gender gap. 

We did not find relationships between misconception levels and the global math-gender stereotype. Our findings 

are in line with previous evidence that teachers’ attitudes about gender disparities in society are associated with 

unsupported gender-specific ability beliefs (Copur-Gencturk et al., 2023). Further, our findings are consistent with 

research which found that the math-gender stereotype cannot be changed easily and sustainably (FitzGerald et al., 

2019; Kollmayer et al., 2020). To change the general math-gender stereotype, we would likely need a more extensive 

intervention, similar to Kollmayer et al. (2020), or an intervention with multiple treatments over time. We however 

found that personalization, among participants who experienced knowledge backfire, led to an overall positive 

attitude towards closing the math-gender gap and gender equity in STEM subjects. Hence, personalization might be 

a protective factor from attitude backfire.  

Limitations and Further Research 

This study being an online study holds some disadvantages. We did not find a lot of variance in the negative 

affect of external blame among our participants (M = 1.23 [on a scale of 1 to 5]; SD = 0.45). While one possible 

explanation might be the topic simply does not cause any negative affect of external blame, which might contradict 

the literature to some extent (see Abrams et al., 1990; Arens et al., 2021; Crain et al., 1996; Jacobson et al., 2021; 

Trevors et al., 2016), it is also possible that the lack of variance in negative affect related to external blame may be 

due to dropout. Some participants due to experiencing negative affect of external blame during the study may have 

simply left the study. However, this seems to be the case regardless of the condition the participants were in, since 

dropout was equally distributed among conditions. This hints towards the topic itself being the reason for dropout 
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rather than the kind of manipulation, which may have been too weak for people with prior strong attitudes regarding 

mathematics and gender. Research on conceptual change about math-gender misconceptions in the laboratory is 

thus necessary. In the laboratory, it would further be of interest to also measure peripheral physiological data like 

heart rate variability or facial micro emotions (e.g., Pourmohammadi & Maleki, 2020), which might be interesting 

additional data regarding perceived stress when confronted with own misconceptions.  

However, this study being an online study is also a strength because in-service teachers who have limited 

time-resources (Creagh et al., 2023), are unlikely to come to a university lab to take part in a study. Due to the study 

being online, we were able to collect a sample which also contained in-service teachers. Furthermore, online 

interventions might be an economic way to provide teachers, who have little time resources, with ‘snackable’ 

professional development opportunities, conceptual change of potential misconceptions being an interesting focal 

point of such professional development online interventions.  

The measure of awareness towards math-gender stereotype-reinforcing behaviors in a model teacher in 

previous research had been weakly but significantly negatively correlated with math-gender misconceptions 

(Authors, submitted) making it an appropriate transfer measure. However, here, we could not replicate this 

correlation, which is why we treat it as an additional behavioral measure instead of a transfer measure. Hence, in 

further research, this behavioral measure should be improved, for instance by scripting and filming videos that are 

closer to the content of the math-gender misconceptions. Nevertheless, we think that the current behavioral measure 

adds value. Especially, since conceptual change does not exist in a vacuum, but likely influences behaviors (see also 

Dersch et al., 2022b; Ferrero et al., 2020a; 2020b; Prinz et al., 2022). Researching potentially related behaviors is 

especially important in teachers as multiplicators and important socializers with an impact on their students’ (math-

gender) stereotypes (Eccles, 2011; Gunderson et al., 2012).  

There are two noteworthy limitations regarding our sample. First, the sample did not contain only 

mathematics teachers, but all kinds of teachers. Of all 336 participants, 213 indicated to teach mathematics or study 

to teach mathematics. That is still a substantial part of our sample. To make sure that mathematics as a subject did 

not influence misconceptions in the pre-test, we compared mathematics teachers with teachers of all remaining 

subjects. Mathematics teachers did not differ from other teachers regarding their math-gender misconceptions in the 

pre-test (p > .05). Additionally, for teachers who do not teach mathematics, it may still be relevant to reduce their 

misconceptions about mathematics and gender, since all teachers are important socializers and may still influence 

their students’ math-gender stereotype (Gunderson et al., 2012).  

The second limitation of our sample is that men were underrepresented in comparison to the general 

population. Only 20.5 % of all participants were socialized as male. However, this is quite representative of teachers 
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in Germany, who, according to the German Federal Office for Statistics in the school year of 2019/2020 were 73.1 

% female. Math-gender misconceptions in the pre-test furthermore did not differ between the genders (p > .05).  

Conclusion and Implications for Theory and Practice 

Our findings suggest that personalized refutation text among the interventions we implemented is the most 

potent strategy for refuting teachers’ math-gender misconceptions. This effect seems to be consistent across different 

topics (Dersch et al., 2022b). However, personalized refutation text is only effective if misconceptions are prevalent. 

If they are not prevalent, personalized refutation text leads to familiarity backfire effects due to mentioning the 

misconception several times in this intervention without the need for refutation (Lewandowsky et al., 2020). 

Personalized feedback in a refutation intervention should hence be combined with an adaptive algorithm, which 

only provides a refutation text if a misconception is prevalent and, in other cases, provides an expository text, which 

has been done by Dersch et al. (2022b).  

We found that personalization, among those participants who experienced knowledge backfire, led to the 

most positive attitude towards closing the math-gender gap in comparison to the non-personalized conditions. This 

suggests that personalization may be a protective factor from attitude backfire effects. While our results suggest a 

general positive effect of all kinds of intervention on specific attitudes about closing the math-gender gap, for a 

reduction of the global math-gender stereotype, more extensive interventions are necessary (Kollmayer et al., 2020).  

We found signs of backfire effects in our behavioral measure of awareness towards math-gender 

stereotype-reinforcing behaviors in the classroom for personalized refutation text, which, for participants with 

misconceptions, led to less awareness in comparison to the other conditions, which is consistent with prior findings 

by Ferrero et al. (2020b). Although personalized refutation texts might trigger behavioral backfire, they also have 

the potential to reduce math-gender misconceptions. Intervention designers should thus carefully consider if the 

focus of their efforts is to reduce misconceptions or if potentially related behaviors and attitudes are also important.  

To answer the questions raised by the title of this paper: Should we tell teachers that they are correct? In 

this case, should we tell teachers who do not hold misconceptions about mathematics and gender that they hold no 

misconceptions? Yes, but only if we also refrain from providing a refutation text afterwards. If so, then 

personalization can still be beneficial for positive attitude changes. Should we tell teachers that they are incorrect? 

Yes, if they hold misconceptions, they should know; and additionally, we should combine that feedback with a 

refutation text. However, we should take the possibility of behavioral backfire into account.  
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Table 1 

Means (with standard deviations) and distributions for the control variables as a function of experimental 

condition  

 

Notes. a ICL = Intrinsic Cognitive Load; ECL = Extraneous Cognitive Load  

 

 

Expository 

Texts 

Refutation 

Texts 

Personalized 

Expository Texts 

Personalized 

Refutation Texts 
All  

Gender  

(female / male / 

non-binary) 

62 / 21 / 0 61 / 13 / 0 70 / 15 / 1 73 / 20 / 0 266 / 69 / 1 

German as 

Mother 

Language (yes / 

no) 

82 / 1 67 / 7 82 / 4 88 / 5 319 / 17 

Age in Years 27.76 (13.95) 25.95 (11.42) 27.50 (11.54) 28.71 (13.81) 27.56 (12.77) 

Status (student 

teacher / student 

teacher who 

teaches / fully 

examined 

teacher) 

46 / 15 / 22 50 / 10 / 14 54 / 7 / 25 51 / 18 / 24 201 / 50 / 85 

Teaching 

Experience in 

Years 

6.05 (10.80) 3.72 (8.21) 4.36 (7.92) 5.96 (10.54) 5.08 (9.52) 

School Type 

(primary / 

secondary) 

37 / 46 25 / 49 34 / 52 36 / 57 132 / 204 

ICLa  

(min. = 1, max. 

= 7) 

2.67 (1.26) 2.73 (1.09) 2.90 (1.08) 2.84 (1.25) 2.79 (1.17) 

ECLa 

(min. = 1, max. 

= 7) 

2.24 (1.09) 2.18 (1.00) 2.35 (1.09) 2.30 (1.02) 2.27 (1.05) 

Pretest Scores -0.78 (2.05) -0.77 (1.77) -0.53(1.84) -0.70 (1.77) -0.69 (1.86) 
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Table 2 

Descriptive Values for Misconception Items  
 

 

Empathizing-Systemizing (ES): ω = .84 

Agreement rates  

(min. = -1,  

max. = 1) 

Response 

certainty (min. = 

0, max. = 4)  

Misconception 

score (min. = -4, 

max. = +4) 

ES1: Mathematical correlations are usually easier for 

boys to understand than for girls, because boys tend to 

think in systematic contexts   

-.17 2.57 (0.88) -0.63 (2.65) 

ES2: As boys, more likely think in systematic categories, 

they have better cognitive prerequisites for math than 

girls do.  
-.24 2.49 (0.93) -0.81 (2.54) 

ES3: Female empathy makes it easier for girls to deal 

with people, while boys are on average more gifted in 

systematic thinking and thus in mathematics. 
.00 2.63 (0.85) -0.18 (2.76) 

ES4: On average, girls think more empathically than 

boys do, boys on the other hand are more talented in 

systematic thinking and thus also in mathematics. 

.11 2.61 (0.87) -0.17 (2.75) 

Girls’ Compensation (GC): ω = .76    

GC1: Girls normally have to work harder to perform 

equally well in mathematics as boys. -.52 2.78 (0.90) -1.62 (2.43) 

GC2: Girls compensate for their on average lower 

aptitude in mathematics compared to boys by being more 

diligent. 

.18 2.74 (0.93) 0.47 (2.86) 

GC3: Mathematical content often just flies to boys, while 

girls have to make more effort for it on average. -.43 2.73 (0.90) -1.41 (2.51) 

GC4: To achieve equally good grades in mathematics, 

boys have to make less effort because they are more 

talented than girls are. 

-.76 2.97 (0.87) -1.94 (1.94) 

All Items: ω = .89    
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Figure 1 

Components of the Different Manipulations (of Study Materials) Between Conditions 

 Refutation Conditions Expository Conditions 

Non-

personalized 

Conditions 

Non-personalized refutation text Expository text 

Personalized 

Conditions 

Personalized refutation text Personalized refutation text 

 

 

 

 

 

 

 

 

 

 

  

Misconception statement 

Cue: Statement is incorrect 

Misconception statement 

Cue: Statement is incorrect 

Personalized feedback on 

performance in the pre-test 

Personalized feedback on 

performance in the pre-test 

Expository text: Scientifically based 

explanation 

Expository text: Scientifically based 

explanation 

Expository text:  

Scientifically based explanation 

Expository text:  

Scientifically based explanation 
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Figure 2 

Result Patterns of the Personalized Refutation Text Hypothesis 

 

 

 

 

 

 

 

 

 

 

Notes. In this figure, we included the results of all participants who held both misconceptions in the pre-test (n = 

96). The standard error of the mean is the applied measure of error. 

 

 

Figure 3 

Result Pattern of Backfire Effects for Participants Who Had Negative Conceptual Change (n = 42) 
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Appendix A 

All Variations of Text Interventions  

 Empathizing-Systemizing 

  Common Expository Text Common Refutation Text Personalized Expository Text Personalized Refutation Text  

Personalized 

Feedback 

 

 

 

 

 

 

 

 

 

 

 

 

No  

misconception 

  

 

The evaluation of your answers shows that you have answered the questions 

on empathic and systematic thinking in boys and girls and their effects on 

mathematical talent in line with the scientific findings. In the following, you 

can read the current state of scientific evidence on the topic and supplement 

your knowledge. 

 

Uncertainty   The evaluation of your answers shows that you answered the questions on 

empathic and systematic thinking in boys and girls and their effects on 

mathematical talent with uncertainty. We would therefore now like to give 

you the opportunity to familiarize yourself with the current state of research 

in this area. 

 

Misconception   The evaluation of your answers shows that you have not answered the 

questions on empathic and systematic thinking in boys and girls and their 

effects on mathematical talent in line with the current scientific findings. We 

would therefore now like to give you the opportunity to familiarize yourself 

with the current state of research in this area. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

  Common Expository Text Common Refutation Text Personalized Expository Text Personalized Refutation Text  

Refutation   Many people think that the male and 

female brains differ from birth and that 

boys therefore think more 

systematically than girls from birth. 

Systematic thinking is elementary for 

mastering mathematics. On the other 

hand, they assume that girls tend to 

think empathically, which is less 

helpful for mastering mathematics. 

Accordingly, many people assume that 

boys are better at mathematics from 

birth. 

However, the scientific consensus 

refutes this assumption. 

 Many people think that the male and 

female brains differ from birth and 

that boys therefore think more 

systematically than girls from birth. 

Systematic thinking is elementary for 

mastering mathematics. On the other 

hand, they assume that girls tend to 

think empathically, which is less 

helpful for mastering mathematics. 

Accordingly, many people assume 

that boys are better at mathematics 

from birth. 

However, the scientific consensus 

refutes this assumption. 

(Alternative) 

Explanation 

 The same brain regions are active in different genders during the processing of math tasks (Kersey et al., 2016). This argues against structural brain differences 

influencing mathematical performance. Furthermore, boys and girls do not differ in mathematical ability in early childhood (Lachance & Mazzocco,2006), arguing 

against innate talent differences in mathematics (Girelli, 2021). 

Moreover, in a study that met the highest scientific standards, no relationship was found between systematic thinking and mathematical ability (Escovar et al., 2016). 

Thus, even if boys tend to be more systematic thinkers, this does not predict better mathematics performance. Finally, empathic and systematic thinking cannot be 

perceived as opposing or mutually exclusive abilities. This is because general intelligence provides an important foundation for both types of thinking-empathic and 

systematic (Gottfredson, 1998). Accordingly, individuals who think more systematically should also have higher levels of empathic thinking and vice versa.  

  



 

 

 

 

 

 

 

 

Girls’ Compensation 

  Common Expository Text Common Refutation Text Personalized Expository Text Personalized Refutation Text  
 

Personalized 

Feedback 

 

 

 

 

 

 

 

 

 

 

 

 

 

No 

 misconception 

  

 

The evaluation of your answers shows that you have answered the questions 

on possible compensation for mathematical talent in girls in line with the 

current scientific findings. In the following, you can read  the current state 

of scientific evidence on the topic and supplement your knowledge. 

 

Uncertainty   The evaluation of your answers shows that you have answered the questions 

on possible compensation for mathematical talent in girls with uncertainty. 

We would therefore now like to give you the opportunity to familiarize 

yourself with the current state of research in this area. 

 

Mis-conception   The evaluation shows that you have not answered the questions about 

possible compensation for mathematical talent in girls in line with the 

current scientific findings. We would therefore now like to give you the 

opportunity to familiarize yourself with the current state of research in this 

area. 

Refutation   Many people think that girls are 

naturally more industrious than boys and 

that girls make up for their lack of innate 

talent in math.  

However, the scientific evidence 

speaks against this assumption. 

 Many people think that girls are 

naturally more industrious than 

boys and that girls make up for 

their lack of innate talent in math.  

However, the scientific evidence 

speaks against this assumption. 

(Alternative) 

Explanation 

 Girls on average invest more time in school related tasks than boys, also in mathematics (Duckworth & Seligman, 2006). However, their effort also leads to higher, 

not similar, mathematics grades in comparison to boys (Duckworth & Seligman, 2006). It is therefore unlikely that girls compensate for any lacking talent, since 

their higher investment in comparison to boys also leads to a higher performance. 

What further speaks against the need of compensation is that the genders, according to different findings, have similar mathematical talent: Girls and boys do not 

differ in terms of their mathematical abilities in early childhood (Lachance & Mazzocco, 2006). Older girls and boys also show similar performance in mathematical 

achievement tests (Lindberg et al., 2010). Small differences in performance can be attributed to social influences such as the role of women in the researched 

societies (Reilly et al., 2012). 

Additionally, social factors such as financial poverty or parental education have a much greater influence on performance differences in mathematics than gender 

(PISA, 2018). 

All of these findings speak against the need for compensation, as there do not appear to be any innate differences in talent to the disadvantage of girls. 

Note. Texts were translated from German 
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