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Abstract

Persistent gender differences exist in student motivational outcomes in science,
technology, engineering, and mathematics (STEM) fields, with female students often
exhibiting lower levels of these outcomes compared to their male counterparts. This may
result in fewer females pursuing STEM academically or professionally. Based on two
empirical studies, this dissertation examines two key areas that could play a role in addressing
these differences in primary and secondary school: school-based interventions and teacher
constructive support. School-based interventions specifically target motivational outcomes,
while teacher constructive support is a daily academic influence on student motivation. A
joint exploration of these two areas offers a holistic perspective on confronting gender
differences in motivational outcomes.

The first study (Study I) used meta-analysis to investigate whether school-based
interventions in STEM subjects have higher effects for females than males on student
motivational outcomes in primary and secondary school. A systematic database search
yielded 71 effect sizes from 20 studies. Effect sizes were aggregated and analyzed for gender-
specific effects, with context factors such as subject, school level, intervention target, and
intervention strategy included as potential moderators. While results showed significant
positive effects for students overall, no significant differences were found between males and
females overall. Moderator analyses showed a significant impact of interventions using
psycho-social strategies and methods specifically targeting females, but not for the school
level or subject. This research suggests that while school-based interventions have positive
effects on motivational outcomes for all students, no gender-specific overall effects are
currently evident. The need for more targeted approaches to reducing gender differences using
school-based interventions is discussed.

The second study (Study II) explored the moderating role of teacher constructive
support on the relationship between student gender and motivational outcomes in mathematics
lessons. Self-report data from a sample of N = 1,116 German students in lower secondary
mathematics classrooms was used to analyze student self-concept, self-efficacy, and interest
in mathematics lessons, as well as student perceptions of constructive support, separated into
the facets of instructional support and social-emotional support. Results showed that females
reported significantly lower levels of motivational outcomes than males. The latent interaction
models revealed that while teacher constructive support positively affected students’
motivational outcomes, it did not significantly moderate the relationship between gender and
motivational outcomes. The results underscore the importance of teacher constructive support
for student motivational outcomes. Additionally, they highlight the need for further research
into theoretically meaningful moderators of the relationship between gender and motivational
outcomes in STEM subjects.

Overall, this dissertation contributes to research aiming to reduce gender differences in
STEM motivational outcomes. It sheds light on how both targeted interventions and the
fundamental role of constructive support may be relevant for gender differences in
motivational outcomes. It aims to offer directions for future research on how schools can help
close the motivational gender gap in STEM subjects.
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Zusammenfassung

In den Fachern Mathematik, Informatik, Naturwissenschaften und Technik (MINT)
zeigen Schiilerinnen oft niedrigere motivationale Merkmale als Schiiler. Dies kann dazu
fithren, dass weniger Frauen MINT-Fécher akademisch verfolgen und auch in beruflichen
Kontexten unterreprasentiert sind. Anhand zweier empirischer Studien werden in dieser
Dissertation zwei wichtige Aspekte untersucht, die bei der Reduktion dieser
Geschlechterunterschiede eine Rolle spielen kdnnen: schulbasierte Interventionen und
konstruktive Unterstiitzung der Lehrkréfte. Schulbasierte Interventionen wirken gezielt und
zielen auf spezifische motivationale Merkmale ab, wihrend konstruktive Unterstiitzung durch
Lehrkréfte die Schiilermotivation unspezifischer und tiber einen ldngeren Zeitraum
beeinflussen kann. Die Untersuchung beider Aspekte bietet eine ganzheitliche Perspektive auf
die Bewiltigung von Geschlechterunterschieden bei motivationalen Merkmalen.

Die erste Studie (Studie I) untersuchte im Rahmen einer Meta-Analyse, ob
schulbasierte Interventionen geschlechtsspezifische Auswirkungen auf motivationale
Schiilermerkmale in MINT-Féchern in Grund- und Sekundarschulen haben. Nach einer
systematischen Datenbankrecherche wurden 71 Effektgrofen aus 20 Studien einbezogen,
wobei Kontextfaktoren wie Fach, Schulstufe, Interventionsziel und Interventionsstrategie
zusitzlich als potenzielle Moderatoren analysiert wurden. Die Ergebnisse zeigten insgesamt
positive Effekte fiir alle Schiiler*innen. Es gab jedoch insgesamt keine signifikanten
geschlechtsspezifischen Unterschiede. Moderatoranalysen zeigten eine signifikante Wirkung
von Interventionen, die psychosoziale Strategien und Methoden verwenden, die speziell auf
Maidchen abzielen. Fiir Schulstufe oder Fach wurden hingegen keine Effekte gefunden. Die
Notwendigkeit zielgerichteter Ansédtze zur Verringerung von Geschlechterunterschieden
durch schulbasierte Interventionen wird erortert.

Die zweite Studie (Studie II) untersuchte die moderierende Rolle konstruktiver
Unterstiitzung der Lehrkraft im Zusammenhang zwischen Geschlecht und motivationalen
Schiilermerkmalen. Selbstberichtsdaten von N = 1.116 deutschen Sekundarschiiler*innen
wurden analysiert. Untersucht wurden Selbstkonzept, Selbstwirksamkeit und Interesse am
Mathematikunterricht sowie die Schiilerwahrnehmungen der konstruktiven Unterstiitzung.
Letztere wurde in fachlich-inhaltliche und sozial-emotionale Facetten differenziert. Die
Ergebnisse zeigten, dass Schiilerinnen niedrigere motivationale Merkmale angaben als
Schiiler. Die latente Interaktions-Strukturgleichungsmodelle ergaben, dass konstruktive
Unterstiitzung durch Lehrkréfte zwar positive direkte Effekte auf die motivationalen
Merkmale der Schiiler*innen hatte, jedoch die Geschlechter-Motivations-Beziehung nicht
signifikant moderierte. Implikationen hinsichtlich der Bedeutung der konstruktiven
Unterstiitzung fiir motivationale Schiilermerkmale sowie der Bedarf an weiterer Forschung zu
theoretisch bedeutsamen Moderatoren der Beziehung zwischen Geschlecht und Motivation
werden diskutiert.

Diese Dissertation bietet Einblicke in die Verringerung von Geschlechterunterschieden
bei motivationalen Merkmalen in MINT-Féchern und betont sowohl gezielte Interventionen
als auch die Rolle der konstruktiven Unterstiitzung. Ziel ist es, Wege aufzuzeigen, wie
Schulen die Geschlechterunterschiede in MINT-Fachern hinsichtlich der Motivation
iiberbriicken konnen.
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1 Introduction
“Strengthening women’s participation in Science, Technology, Engineering and Mathematics
(STEM) fields is not only a matter of equal opportunities and social justice, but also crucial to
meet pressing societal challenges like the twin green and digital transitions.” (European
Commission, 2022, p. 1)

The gender! gap in science, technology, engineering, and mathematics (STEM)
domains is a persistent issue that, despite various efforts from policymakers and educational
institutions, continues to exist in many countries worldwide (World Economic Forum, 2023).
In the current labor market, technological advancement and digitalization have dramatically
increased the need for skilled workers in STEM sectors (Fatourou et al., 2019). However, in
the European Union specifically, women account for only 41% of total employment in
science and technology careers, and only 35% of higher graduates in STEM-related
disciplines are women (European Commission, 2021). This issue seems to begin before
individuals enter higher education or the job market. Research shows that, on average,
females consistently display lower levels of STEM motivation and career aspirations than
males, a trend that can already be seen during the school years (OECD, 2013, 2016). When
viewed in light of the above quote, this trend is problematic for both individual students, who
may not be reaching their full potential, and for society as a whole. Therefore, identifying
strategies to address the problem of gender differences in STEM and evaluating their impact
is crucial for reducing these differences.

When examining gender differences in STEM subjects, research has typically looked
at performance-related outcomes, such as exam scores or aptitude tests (Cimpian et al., 2020).
However, many studies indicate that male and female students hardly differ in STEM
performance outcomes (Bloodhart et al., 2020; Hyde & Linn, 2006; Reilly et al., 2019; Stoet
& Geary, 2018). Where research does find female students consistently lag behind their male
peers in STEM subjects is in regard to their motivational outcomes (Meece et al., 2006).
Motivational outcomes refer to a variety of constructs connected to student motivation and
engagement in the classroom, including constructs such as interest, intrinsic and extrinsic
motivation, self-concept, self-efficacy, and enjoyment (P. K. Murphy & Alexander, 2000).
These motivational outcomes are extremely important for students’ academic trajectories, as
research shows that they are positively linked to future educational choices, and play a
significant role in what careers students will choose to pursue later in life (Kim & Pekrun,
2014; Pintrich, 2003b). In STEM subjects such as science and mathematics, motivational-
affective outcomes are especially influential for whether or not students decide to pursue
studies and careers in those subjects (Rosenzweig & Wigfield, 2016). It is therefore
concerning that gender differences consistently emerge in these outcomes in STEM subjects.
These gender differences arise as early as primary school (Eccles et al., 1993; Master et al.,
2021). In science and math, for example, female students tend to display lower self-efficacy,

! The current dissertation classifies gender according to a binary conceptualization based on biological sex (male
and female). In the existing literature on gender differences in STEM, this is the primary conceptualization used,
and therefore necessary and appropriate for the current dissertation (European Commission, 2021). However, it
is also important to state that other conceptualizations of gender exist, including non-binary conceptualizations,
and these should be acknowledged and supported. Gender identity is a complex, individual experience and may
or may not correspond to sex assigned at birth (European Institute for Gender Equality, 2021).



more negative perceptions, and less value for these subjects than males (Else-Quest et al.,
2010; P.H. Miller et al., 2006). This trend seems to intensify and become more stable as
students get older (Jacobs et al., 2002) and persists well into higher education (Dasgupta &
Stout, 2014).

Researchers have explored why these differences between male and female students’
motivational outcomes arise in STEM subjects. Gender differences in various motivational
outcomes emerge as individuals develop and engage with their social environment (M.-T.
Wang & Degol, 2013). Gender stereotypes, which are fixed beliefs about aptitudes and
characteristics attributed to males and females (Eagly & Steffen, 1984), are acquired by
children from significant social actors in their lives, such as parents, teachers, and peers
(Smith & Farkas, 2022; Tiedemann, 2000). There are various proposed mechanisms of how
individuals learn and acquire these gender stereotypes, such as through model learning,
reinforcement of gender-conventional behavior, differential treatment of boys and girls, or
explicit expression of gender-stereotypical expectations (Gunderson et al., 2012; Heyder et
al., 2019). Once acquired, these stereotypes can influence how individuals process and
classify information, as well as their behavior, choices, and attitudes (C. L. Martin &
Halverson, 1981). One of the most widely cited and empirically supported explanations for
how these gender stereotypes relate to motivational outcomes in education is Eccles’
expectancy-value theory of motivation. The expectancy-value theory postulates two main
factors contributing to an individual’s motivation for engaging and persisting in specific tasks:
expectancy for success in the task and perceived value of the task (Eccles & Wigfield, 2020).
Gender stereotypes influence these expectancy-value beliefs, which can in turn affect
females’ motivational outcomes and lead to gender disparities in certain areas, such as STEM
(Eccles et al., 1993).

While not a new issue, gender differences in STEM motivational outcomes have
garnered attention from politicians, educators, and researchers in recent years (Encinas-Martin
& Cherian, 2023; European Commission, 2022). The primary concerns are understanding
why these differences arise and investigating what can be done to reduce them (Chavatzia,
2017). Research on reducing gender differences in specific fields has been approached from
many perspectives. Various strategies have been assessed at different levels in the educational
research domain, ranging from large-scale curriculum reforms to specific intervention
programs that target student motivational outcomes (Kong et al., 2020; Roberts, 2014). Much
of this research emphasizes classroom-level strategies or changes that teachers can initiate and
implement (van den Hurk et al., 2019). As students spend most of their academic hours in
classrooms, these settings are essential for addressing gender differences. In this context, two
significant gaps emerge from the existing research. First, there are various primary studies
that evaluate school-based interventions targeting motivational outcomes in STEM overall
(Wigfield & Wentzel, 2007). However, this pool of primary studies alone does not allow for a
comprehensive assessment of which interventions are most effective in addressing gender
differences in STEM motivational outcomes. In order to both further intervention research
and provide evidence-based recommendations for educators, a clear understanding of the
most effective intervention strategies is necessary. Second, while targeted interventions are
important to assess, the intrinsic classroom dynamics that also impact student motivation are
often overlooked. Though less overt, these factors might also play crucial roles in the gender
differences observed in STEM motivational outcomes. Deepening the understanding of this



relationship would highlight the significance of constructive support from educators,
particularly in potentially enhancing the motivational outcomes of female students in STEM
subjects. This dissertation precisely addresses these gaps, focusing on the potential of school-
based interventions and the role of teacher constructive support, which is a crucial aspect of
classroom dynamics in regard to student motivational outcomes.

School-based interventions are novel methods that differ from regular instruction, are
used in the classroom or other school contexts, and can vary in terms of strategies, length, and
implementation (Lin-Siegler et al., 2016). Numerous primary studies have shown that various
school-based interventions can effectively promote motivational and affective outcomes in
students on a general level (Durlak et al., 2011; Lazowski & Hulleman, 2016). Interventions
have also been explicitly evaluated in the context of targeting gender differences in STEM
motivational outcomes (Rosenzweig & Wigfield, 2016), but the results have been ambiguous.
An unresolved question remains concerning the overall gender-specific effects of these
interventions in STEM subjects, especially concerning their efficacy for females, who
commonly report lower motivational outcomes in these subjects. In order to gain a clear
understanding of which intervention strategies, if any, are most effective in reducing gender
differences in student motivational outcomes, a systematic aggregation and analysis of these
studies is essential. However, to date, such a thorough review remains notably absent from the
literature.

Although school-based interventions offer a promising avenue, they often overlook the
persistent, intrinsic aspects of students’ classroom experiences that can impact motivational
outcomes. Many factors contribute to the overall classroom environment; however, among
these, teacher constructive support stands out as one of the most influential for student
motivational outcomes (Cornelius-White, 2007). Constructive support encompasses not only
assistance with learning and content but also emotional and personal encouragement
(Praetorius et al., 2014). Constructive support has been shown to have positive effects on
various student motivational-affective factors, including interest, self-concept, and self-
efficacy (Fauth et al., 2014). Some studies have also found that constructive support
especially benefits certain disadvantaged groups (Curby et al., 2009; Decristan et al., 2022).
Despite this evidence, the role of constructive support in the intersection of gender and STEM
motivational outcomes remains underinvestigated. Scholars have emphasized the need for a
nuanced exploration of the relationship between student motivational outcomes, constructive
support from teachers, and gender differences (Rueger et al., 2008).

Taken together, the main research goal of the current dissertation was to fill the
aforementioned research gaps and thereby provide a well-rounded investigation of potential
avenues for reducing gender differences in student motivational outcomes in STEM. To this
aim, two empirical studies were conducted to evaluate the effectiveness of both novel,
targeted strategies (school-based interventions) and influential aspects of everyday classroom
experiences (teacher constructive support). The first study (Study I) used meta-analysis to
evaluate school-based interventions in STEM subjects and whether they had differing effects
on male and female students’ motivational outcomes. Study I also examined whether school
level, subject, intervention strategy, and other contextual factors might play a role in the
magnitude of these intervention effects. The second study (Study II) aimed to evaluate
whether constructive support moderated the effect of gender on student motivational
outcomes in mathematics and the direct effects of both gender and constructive support on



student motivational outcomes. In the following chapters, fundamental theoretical
perspectives and prior empirical research on gender differences in STEM motivational
outcomes, school-based interventions, and constructive support are presented. This is
followed by an overview of the present research questions, extensive summaries of the
included empirical studies, and a general discussion of the findings, strengths, limitations, and
implications of the current research project.



2 Theoretical Background

The following chapters discuss the research background on gender differences in
STEM motivational outcomes. First, in the current chapter (Chapter 2), theoretical definitions
of motivational outcomes, as considered in this dissertation, are outlined (Section 2.1). Next,
research on the role motivational outcomes play in student choices and achievement in STEM
subjects is presented (Section 2.2). Gender differences in STEM motivational outcomes are
then discussed, including current evidence for gender differences and empirical perspectives
on the root of these gender differences (Section 2.3). The next chapter (Chapter 3) then
examines research on reducing these gender differences in STEM motivational outcomes,
with an emphasis on school-based interventions (Section 3.1) and teacher constructive support
(Section 3.2), which are the focus of the current dissertation.

2.1 Motivational Outcomes in STEM Education

2.1.2 Theoretical Definitions of Motivational Outcomes in Education

The construct of motivational outcomes represents a complex and multifaceted topic
within educational research. As a general term, motivation encompasses a broad spectrum of
student outcomes and is conceptualized within a range of theoretical frameworks. The
extensive body of research dedicated to academic motivation has given rise to diverse models
that define and categorize its fundamental components and associated factors. In a review of
terminologies and concepts pertaining to academic motivation, Murphy and Alexander (2000)
used existing theories to identify four overarching categories and definitions of motivational
constructs. The first category is motivation itself, which is described as the mechanisms or
processes responsible for guiding, energizing, and sustaining actions. Motivation can be
further separated into intrinsic motivation, which is the drive to pursue a task because it is
inherently rewarding, and extrinsic motivation, which is the drive to pursue a task to obtain
external rewards or fulfill external expectations. The second category is goals, which are what
students want to achieve and can be broken down into goal orientations, which refer to a set
of behavioral intentions that dictate the ways in which students undertake and engage in
learning activities. The third motivational category is interest, which is an individual's
positive, energized orientation toward an activity or task. The last category is self-schema,
defined as an individual’s personal understanding of themselves that characterizes how they
perceive and engage with certain tasks and activities. Some specific examples of self-schemas
are self-efficacy, which is an individual’s beliefs regarding their ability to learn and perform
specific tasks, and attributions, which are causal connections that students make to explain
why successes or failures occurred. Self-concept, while not featured in the review by Murphy
and Alexander, is another important form of self-schema and can be defined as a person’s
perception of themselves, including both cognitive and affective aspects (Bong & Clark,
1999). An adapted visualization of these motivational outcomes, as conceptualized by
Murphy and Alexander (2000), can be seen in Figure 1.



Figure 1

Adapted overview of motivational outcomes as conceptualized by Murphy and Alexander
(2000)
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Although not exhaustive, this overview provides a comprehensive list of some of the
most important constructs associated with motivation in academic contexts across various
theoretical models of motivation (Cook & Artino Jr., 2016). However, some motivation
researchers argue that many of these models neglect to consider that motivation also includes
an affective or emotional component (Pintrich, 2003b). Students experience various emotional
responses in educational contexts that function as a component of their motivation (Pekrun &
Linnenbrink-Garcia, 2012). These emotional components can therefore also be encompassed
under the umbrella of motivational outcomes. Some emotional components that are especially
relevant to academic motivation include enjoyment, anxiety, or boredom regarding a
particular task or activity (Pekrun et al., 2002). These motivational outcomes share several
common characteristics. Research has shown that motivational outcomes are malleable in
educational contexts, meaning they can change throughout a student’s academic trajectory
(Heckman & Kautz, 2013). As individuals develop, motivational outcomes naturally change.
When students progress through their education, the personal factors and drivers that motivate
them may evolve (Wigfield et al., 2006). Additionally, changes in the learning environment
and interactions with others, such as teachers, parents, or peers, in educational contexts can
also lead to natural changes in motivational outcomes (Wigfield & Wagner, 2005).
Motivational outcomes can also be deliberately changed in order to promote or foster positive
levels of motivation (Hidi & Harackiewicz, 2000). Another characteristic to note is that while
certain motivational outcomes, for example, academic self-concept, can also be
conceptualized as generic measures stable across various contexts when assessing
motivational outcomes regarding specific subjects, it is essential to contextualize them within
that domain (Michel et al., 2022). Motivational outcomes often pertain specifically to the
academic subject in question, such as reading or mathematics (Hornstra et al., 2016). Students



can, and often do, have different levels of motivational outcomes in different subjects, as
these outcomes are tightly connected to the activity in question (Green et al., 2007; Marsh et
al., 2001). Therefore, it is very common for a student to have high levels of motivational
outcomes in one subject, but low levels in a different subject.

2.1.2 The Role of Motivational Outcomes in STEM

In assessing the factors that predict students’ intentions toward studying a particular
subject or pursuing a specific career, motivational outcomes emerge as highly influential
factors in this process (Rottinghaus et al., 2002; Yeung & Mclnerney, 2005). Empirical
studies suggest that students with strong interest, perceived competence, and motivation in a
subject are more inclined to pursue it compared to peers with lower levels of these outcomes
(Bandura et al., 2001; Parker et al., 2014). Various motivational outcomes have been shown to
predict career aspirations and study choice, including self-concept (Korhonen et al., 2016),
self-efficacy (Tang et al., 2008), interest (PaBler & Hell, 2012), and perceived value of the
subject (Eccles & Wang, 2016). While this trend is pervasive across numerous fields of study,
it is especially pronounced in the STEM domain. Empirical findings have consistently
underscored that the decision-making process related to engagement in STEM disciplines is
not a spontaneous choice. Rather, deciding to participate in STEM fields is a longitudinal
process that begins before students enter university (Almeda & Baker, 2020; Maltese & Tai,
2011). While various factors influence the decision to pursue STEM education, such as
familial influences, cultural backgrounds, and school effects, motivational outcomes are
particularly salient in this complex decision-making process (M.-T. Wang & Degol, 2013). A
wide range of motivational outcomes are strongly associated with students’ STEM career
aspirations and intent to study a STEM field after secondary school (Aschbacher et al., 2014;
Lauermann et al., 2017; Watt et al., 2012). For example, Ahmed and Mudrey (2019) found
that in a sample of 5,611 fifteen-year-old students, self-concept, enjoyment, and value in
science all strongly and significantly predicted STEM career aspirations, even after
controlling for socioeconomic status and prior science achievement. Blotnicky and colleagues
(2018) also found that students in Grades 7 and 9 with higher mathematics self-efficacy and
interest in technical and scientific activities were more likely to consider a career in STEM.
From as young as eight years old, students’ perceived value and self-beliefs in STEM subjects
already predict their study choice and future career path (van Tuijl & van der Molen, 2016).
These motivational outcomes remain relevant throughout students’ academic trajectories in
STEM fields. Research demonstrates that students with sustained higher levels of
motivational outcomes are not only more likely to pursue STEM, but are also more inclined to
persist and complete their STEM degrees (Cromley et al., 2015; Mau, 2003; Musu-Gillette et
al., 2015). Given these compelling findings, it is imperative for educators and policymakers to
prioritize and foster these motivational outcomes in students.

2.1.3 Summary

To summarize, motivational outcomes in educational contexts encompass a diverse
range of constructs, including intrinsic and extrinsic motivation, goal orientations, interest,
self-schema, and affective components. These motivational outcomes are vital factors for
understanding students’ choices and behaviors, offering insights into their persistence in
specific domains and guiding their future career trajectories (Guo et al., 2015). Research
indicates that higher levels of these motivational outcomes are pivotal in STEM subjects, as



they substantially contribute to students’ sustained engagement in STEM studies and impact
their ultimate decision to pursue STEM degrees and careers (Wille et al., 2020).
Consequently, understanding the disparities and nuances in these motivational outcomes
between students within the STEM domain is crucial for research on gender equality in
STEM subjects.

2.2 Gender Differences in STEM Motivation

2.2.1 Past and Current Research on Gender Differences in STEM Motivation

While it is evident that motivational outcomes play a significant role in shaping
students’ engagement and choices in STEM, it is equally important to understand how these
motivational outcomes differ based on gender and how such differences might account for
discrepancies in the representation of males and females in STEM fields. The issue of gender
differences in STEM fields came to light in research as early as the 1970s, with researchers
pointing out a trend of discrepancies between males and females in certain fields (Cole &
Cole, 1973; Epstein, 1970). These early studies noted that there seemed to be a pattern of
fewer females in proportion to males pursuing careers in areas such as engineering, medicine,
and the natural sciences. Since then, policymakers, educators, and researchers have dedicated
a great deal of effort to understanding why these discrepancies exist. Early on, some
academics argued that these discrepancies might be due to biologically inherent differences in
male and female cognitive abilities in mathematics and physical science (Benbow, 1988;
Bock & Kolakowski, 1973; Thomas & Kail, 1991). Modern research has primarily debunked
this notion, consistently showing negligible performance differences between males and
females in subjects like mathematics and science. In the latest PISA findings from 2018, from
a sample of 79 countries, boys only marginally surpassed girls in average mathematics
performance, while in science, girls marginally exceeded the average performance of boys
(OECD, 2020a). Numerous research syntheses have also demonstrated that males and
females, on average, exhibit comparable levels of achievement in STEM subjects such as
mathematics and science (Else-Quest et al., 2010; Hyde et al., 2008; S.M. Lindberg et al.,
2010; O’Dea et al., 2018; Voyer & Voyer, 2014). From the presented evidence, it becomes
clear that the underrepresentation of females in STEM cannot merely be attributed to
differences in performance or ability. Consequently, recent research has focused on non-
cognitive factors, such as motivational outcomes, that might better explain why fewer females
than males choose to pursue STEM studies, despite their performance being equal to or even
better than their male peers. Further research revealed significant differences in motivational
outcomes, with female students consistently displaying lower levels of motivational
outcomes, on average, than their male counterparts in STEM subjects (M.-T. Wang & Degol,
2017). Given the importance of student motivational outcomes for achievement and
persistence in STEM education (Simon et al., 2015), these differences in motivational
outcomes provide a more plausible explanation for the gender gap in STEM areas.

Research has shown that starting in primary school, boys and girls already begin to
display some differences in many motivational outcomes in subjects such as mathematics and
science, two core subjects in primary school (Conlon et al., 2023; McGuire et al., 2022).
Regarding mathematics, by early to mid-primary school, girls display lower levels of
mathematics self-concept and higher levels of mathematics anxiety than boys (Levine &
Pantoja, 2021; Lindberg et al., 2013). As early as first grade, girls report more negative



attitudes towards mathematics, less enjoyment, and lower competency self-beliefs in
mathematics (Cvencek et al., 2021; Eccles et al., 1993). Female students in primary school
have been shown to rate their mathematics capabilities lower than boys, even when their
mathematics achievement was equal to boys (Herbert & Stipek, 2005; Heyder et al., 2019).
Girls between 8 and 9 years of age are also less likely to attribute success in mathematics to
their own high ability (Dickhduser & Meyer, 2006) and are generally less likely to report
thinking that they excel in mathematics (Freedman-Doan et al., 2000). This trend continues
into secondary school. Results from large-scale, international studies such as PISA and
TIMSS show that, on average, female students between ages 14 and 16 report lower self-
efficacy in mathematics and less perceived value in mathematics as a subject (Else-Quest et
al., 2010; Ghasemi & Burley, 2019; OECD, 2013). Various studies have found that girls in
secondary school consistently display less interest, confidence, enjoyment, and fewer
ambitions for mathematics than boys (Ganley & Lubienski, 2016; Guo et al., 2015; Preckel et
al., 2008; Skaalvik et al., 2015).

Gender differences in motivational outcomes are also evident when comparing male
and female students in science subjects. Results from PISA 2015, which emphasized science
assessment, revealed that across all 72 participating countries, male students, on average,
displayed a higher intrinsic motivation for science than females (OECD, 2016). The same
results also showed that male students expressed greater interest and enjoyment in science
compared to their female counterparts. In high school, girls’ value and interest in science have
been shown to be lower than boys’ (Shumow & Schmidt, 2013). Girls are also less likely to
aspire to science careers or view science as an important subject (Lupart et al., 2004; Riegle-
Crumb et al., 2012; Schoon & Eccles, 2014). As students navigate through their secondary
education and are presented with opportunities to participate in more specialized science
courses, gender differences in certain disciplines become more apparent. Female students
consistently report less interest, motivation, and future study aspirations in physics (Adams et
al., 2006; Buccheri et al., 2011; Card & Payne, 2021; Heilbronner, 2012; Jansen et al., 2014)
and computer science (Beyer, 2014; Kadijevich, 2000; Master et al., 2021). However, the one
exception to this pattern is in biology, where gender differences in motivational outcomes are
not as pronounced. Some studies suggest that girls exhibit more interest, motivation, and self-
efficacy in this subject than boys (Baram-Tsabari & Yarden, 2011; P.H. Miller et al., 2006;
Patall et al., 2018). This has been attributed to the association of biology and life sciences
with health-related careers that emphasize helping others and caregiving, tasks traditionally
viewed as characteristic of females (Su & Rounds, 2015).

2.2.2 Understanding Gender Differences in STEM Motivation

Given the substantial body of evidence highlighting gender differences in student
motivational outcomes within STEM disciplines, recent research endeavors in this field have
focused primarily on elucidating the origins of these differences in motivation. Even though
males and females display comparable achievement in science and mathematics tasks,
differences in motivational outcomes still persist in these subjects. Motivational outcomes are
multifaceted and develop in relation to an interplay of various social, cultural, and
psychological determinants (Pintrich, 2003a). This is equally true when it comes to gender
differences in these outcomes. Wang and Degol (2017) conducted a comprehensive review of
explanations offered by researchers in recent decades, spanning disciplines such as
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psychology, sociology, and economics, to account for the observed gender differences in
STEM motivation outcomes. Their conclusions highlighted that, amidst the myriad of
research perspectives, sociocultural factors consistently emerged as significant contributors to
these gender differences in motivational outcomes. Foremost among these sociocultural
factors are gender stereotypes. Gender stereotypes are defined as “structured sets of beliefs
about the personal attributes of men and women” (Ashmore & Del Boca, 1979, p. 222).
Gender stereotypes encompass preconceptions about the interests, roles, and competencies of
males and females. Within the realm of education, these stereotypes predominantly reflect
perceptions regarding the innate capabilities and aptitudes of boys and girls (Bian, 2022).
Traditional stereotypes about gender abilities also extend to STEM domains, such as the
belief that boys are better than girls at mathematics or that men are more interested in science
than women (Master, 2021). Research indicates that children as young as six years old already
internalize and express beliefs supporting these traditional gender stereotypes in areas such as
mathematics, science, and technology (Cvencek et al., 2011; Kurtz-Costes et al., 2008; Master
etal., 2021; D.I. Miller et al., 2018). Children start absorbing gender stereotypes early on,
drawing primarily from influential agents in their social environment, such as parents, peers,
and teachers (Kollmayer et al., 2018). Various explanations exist for the mechanisms through
which children acquire these gender stereotypes from their social environment, such as
through the reinforcement of gender-stereotypical behavior, model learning, differential
treatment of males and females, or communication of gendered expectations (Gunderson et
al., 2012; Heyder et al., 2019). For example, some researchers have found that parents and
teachers judge girls’ mathematics ability as lower than boys’, even when they have received
similar grades (Eccles, 2015; Lubienski et al., 2013; Tiedemann, 2000). Parents have also
been shown to encourage boys more than girls to take mathematics and science courses
(Tenenbaum, 2009), and to engage in more discussions about science and mathematics with
boys (Crowley et al., 2001). Beyond the personal social environment, gender stereotypes are
also very present in broader society and the media, and children can learn them from these
sources as well (Ellemers, 2018; Ward & Grower, 2020). Media portrayals of STEM
professionals often endorse traditional gender stereotypes and can also influence students’
perceptions of STEM (Olsson & Martiny, 2018; Steinke, 2017).

These gender stereotypes, once learned, can affect how individuals process and
categorize information and can also influence their choices, behaviors, and beliefs. Eccles’
(2000) expectancy-value theory provides a widely supported explanation for how these
learned gender stereotypes can lead to differences in the decisions individuals make and the
ways in which they perceive themselves. The expectancy-value theory proposes that whether
or not someone engages in a particular task or pursues a certain goal is determined by their
expectations for success and their perceived value for that task or goal (Eccles & Wigfield,
2002; Wigfield & Eccles, 2000). In other words, individuals are more likely to feel motivated
for tasks they believe they can succeed in and consider important or meaningful. In this
context, gender stereotypes have the ability to influence not only the perceived value of a task
for an individual but also their self-beliefs, attitude, and perceived competence in that task,
which in turn impacts their expectations of success (Eccles, 1994). In the case of STEM
subjects, gender stereotypes that STEM is a male domain create a perception that males are
more capable in these subjects and that STEM subjects are more relevant for males (M.-T.
Wang & Degol, 2013). These experiences and stereotypes that an individual has involving
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STEM-related activities, combined with their own gender identity, will therefore shape their
self-beliefs, interest, perceived value, and, ultimately, long-term aspirations for those
activities (Eccles et al., 1993). This will consequently lead to differences in students’
decisions regarding pursuing studies or careers in STEM fields (Jacobs et al., 2005). If a
female child grows up learning from her family, teachers, and broader social environment that
math, science, and other STEM subjects are masculine domains, she is likely to perceive
herself as less competent and have a lower value for those subjects throughout her academic
career, leading to lower motivational outcomes, and subsequently lower aspirations for STEM
(Eccles et al., 1993; Meece et al., 2006; M.-T. Wang et al., 2015).

2.2.3 Summary

The previous section thoroughly examines the subject of gender differences in STEM
motivation. It explains early ideas of inherent cognitive differences between males and
females while presenting modern evidence that these differences stem not from discrepancies
in ability but rather from differences in motivational outcomes. From primary school through
secondary education, girls consistently show lower levels of motivational outcomes in STEM
subjects than boys (M.-T. Wang & Degol, 2013). Attempting to understand the development
of these motivational differences has been a key focus of recent research. One commonly
cited mechanism is that these discrepancies arise due to gender stereotypes learned at a young
age (Kurtz-Costes et al., 2008). These stereotypes have a powerful effect on how individuals
perceive themselves and their capabilities. Eccles’ expectancy-value theory explains the
complex relationships between gender stereotypes, motivational outcomes, and subsequent
choices and preferences (Wigfield & Eccles, 2000). The conclusion is that these gendered
preconceptions, which frame STEM as a male domain, may cause female students to
underestimate their competence and value in these areas. The consequence is lower
motivational outcomes in STEM and fewer females aspiring to STEM careers (Ahmed &
Mudrey, 2019). Investigating strategies to reduce these gender differences in STEM
motivational outcomes is therefore paramount to increasing female participation in STEM
fields.

2.3 Reducing Gender Differences in STEM Motivation

Understanding why these differences exist between male and female students is
crucial, but it is only one part of the solution. Given the importance of motivational outcomes
in shaping student aspirations and future career choices, it is essential not just to investigate
the origins of these differences but also to explore strategies that could potentially reduce
these gender differences with the hope of consequently increasing female participation in
STEM areas. Addressing this issue has been a long-standing goal in research on gender and
STEM. The past decades have seen greater demand from researchers and practitioners alike
for more studies investigating possible methods to reduce gender differences in STEM
motivational outcomes (Dasgupta & Stout, 2014). Suggested avenues forward range from
changes on the curricular or school level (e.g., Hiibner et al., 2017; LaForce et al., 2019) to
extracurricular programs in informal learning settings (e.g., Levine et al., 2015; Stringer et al.,
2020), to family and community initiatives (e.g., Gumaelius et al., 2016; Rozek et al., 2015).
The most prominent focus in educational research tends to be identifying effective changes
within the classroom environment, as it is where students live out most of their educational
experiences and therefore has a marked impact on their motivational outcomes (Tollefson,
2000).
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The current dissertation examines two different potential approaches for reducing
gender differences in student motivational outcomes in STEM, in an effort to address multiple
research gaps in the literature. First, this dissertation assesses a targeted approach in the form
of school-based interventions. School-based interventions are strategies implemented in
classroom settings which are intended to directly affect certain student outcomes. These
interventions can be considered a targeted approach because they are designed with the
purpose of altering student outcomes and tested empirically using experimental research
designs (Hsieh et al., 2005). Various school-based interventions have been tested in recent
decades by educational researchers, and therefore, many primary studies have examined the
effects of these interventions on student motivational outcomes (Hecht et al., 2019; Hulleman
& Barron, 2016; Lazowski & Hulleman, 2016). However, many of these interventions have
not examined the gender-specific effects of the strategies used, and no comprehensive
overview exists that examines whether these school-based interventions that target
motivational outcomes could have implications for gender differences in STEM subjects.
Second, as another potential factor, this dissertation investigates teacher constructive support,
an important aspect of the daily classroom environment. Contrary to school-based
interventions, constructive support is not a targeted approach but rather an inherent
characteristic of the classroom environment and a component of the regular interactions
between students and teachers (Klieme et al., 2009). More importantly, constructive support is
also strongly related to student motivational outcomes, and has been shown to have
significant effects on these motivational outcomes overall (Patrick et al., 2007). However, to
date, research has not investigated whether high levels of constructive support have
differential effects on male and female motivational outcomes in STEM subjects. Combining
these two distinct avenues presents a holistic examination of potential mechanisms to address
gender differences in STEM motivational outcomes. Together, they encompass a broad
spectrum of the educational landscape, capturing both deliberate intervention strategies and
the subtleties of everyday classroom dynamics. A refined understanding of both these areas
offers invaluable insights for researchers, policymakers, and educators.

2.3.1 School-Based Interventions

With regard to education-based strategies intended to promote and foster student
motivational outcomes, one of the most frequently studied methods is school-based
interventions. School-based interventions are a popular tool in educational research and have
been used in many different contexts to change, promote, or support various student
outcomes, including physical health, conduct behavior, and academic achievement (Rathvon,
2008). A school-based intervention refers to a manipulation in a classroom environment that
differs from regular instruction, and is designed to (positively) change certain student
outcomes (Hsieh et al., 2005). With respect to motivational outcomes, many studies have
evaluated various school-based interventions that aim to positively foster student motivational
outcomes and have demonstrated that these interventions can indeed strengthen student
motivational outcomes overall (Lin-Siegler et al., 2016; Wigtield & Wentzel, 2007). For
example, in a meta-analysis of 74 motivation interventions in educational settings, Lazowski
and Hulleman (2016) found that the interventions were effective, with an average mean effect
size of Cohen’s d = 0.49. For individual interventions, they found that most of the effect sizes
were moderate to large (d = 0.27 - 1.28). Durlak and colleagues (2011) also conducted a meta-
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analysis on 213 school-based interventions that targeted student social, emotional, and
motivational outcomes. Their findings indicated that, in general, students who took part in
these interventions reported significant improvements in social, emotional, and motivational
outcomes compared to control groups. When it comes to STEM, there have been a sparse
number of reviews that have aggregated the effects of interventions conducted specifically in
STEM subjects. For instance, van den Hurk and colleagues (2019) performed a systematic
review of interventions aimed at enhancing interest and persistence in STEM subjects. They
found positive effects of some interventions but could not assess overall effects from
systematic review alone. Similarly, Rosenzweig and Wigfield (2016) also found in their
systematic review of 52 studies that some interventions in STEM showed positive effects on
motivational outcomes, but others showed mixed or even negative effects. This systematic
review was the only research synthesis on school-based interventions to date that examined
whether the interventions had gender-specific effects. They found that of the included studies,
only 13 examined gender-specific effects. Six of the studies found that the interventions had
gender-specific effects, while the other seven did not find any gender-specific effects. These
effects, however, could not be evaluated statistically due to the qualitative nature of
systematic reviews. The existing literature demonstrates a clear need for a meta-analysis of
school-based interventions in STEM that can conclusively evaluate the overall effect sizes.
The manipulations used in intervention studies on motivational outcomes vary widely
but can be grouped into broader subcategories. One category is psycho-social interventions.
Psycho-social interventions use strategies that do not necessarily teach educational content but
instead focus directly on student motivational outcomes by targeting the subjective
psychological processes that underlie these outcomes, and attempting to change them for the
better (Walton, 2014). These interventions utilize various strategies based on well-established
psychological theories (Yeager & Walton, 2011). For instance, interventions centered on
cultivating a “growth mindset” are designed to instill in students the understanding that their
skills and abilities are not static or predetermined, and that with consistent effort, dedication,
and the right strategies, they can enhance and strengthen their talents (Yeager & Dweck,
2020). Growth mindset interventions seek to foster this perception in students, promoting a
more adaptive and resilient approach to learning challenges (Burnette et al., 2023). Another
example is attributional retraining interventions, which aim to change students’ beliefs about
the reasons for their failures and successes (Walton & Wilson, 2018). By reinforcing the idea
that students are in control of their outcomes and dispelling the attribution of failure to causes
outside their control, these interventions can influence students’ self-beliefs and motivations
(Robertson, 2000). Another example is self-efficacy interventions, where students are taught
various skills, such as goal setting, or given productive feedback, in order to increase their
feelings of competency, confidence, and motivation for completing tasks (Schunk & Ertmer,
2000). While not exhaustive, these examples represent the central strategies behind psycho-
social interventions. In contrast, a different category of interventions focuses on instructional
processes within the classroom rather than directly targeting motivational and emotional
factors. The main goal of these instructional interventions has typically been to increase
achievement; however, they have also been shown to positively impact students’ motivational
outcomes. For instance, the use of active learning strategies, such as inquiry-based learning or
project-based learning, allows students to play a central role in their own learning process
(Almulla, 2020). In such frameworks, students actively engage with the material, often
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exploring real-world questions or problems, which leads to a deeper understanding and
connection with the subject matter. This heightened sense of ownership and relevance in the
learning process has been linked to improved engagement, motivation, and other academic
outcomes (Bruder & Prescott, 2013; Kokotsaki et al., 2016). Additionally, instructional
methods that incorporate technology, such as interactive online lessons or digital games, have
also been shown to positively influence students’ motivational outcomes (Erhel & Jamet,
2013; S.-K. Wang & Reeves, 2007). Technology-enhanced instructional methods can
captivate student attention and foster motivation, interest, and engagement by making learning
more interactive and aligned with the technology they use in their everyday lives (Lieberman
et al., 2009).

Considering the motivational deficits that female students tend to display in STEM
subjects it is plausible that females may respond more strongly to interventions targeting
motivational outcomes in STEM, even when this is not the primary goal of the intervention.
However, given the considerable success of these various interventions for motivational
outcomes overall, researchers have also investigated whether school-based interventions
could be a valuable tool in reducing gender differences in student motivational outcomes in
areas such as STEM. These gender-targeted interventions aim to challenge the gender
stereotypes held by students in certain subjects in order to reduce the effects of these
stereotypes on motivational outcomes. For instance, some studies have investigated whether
exposing students to role models or mentors who defy traditional gender roles, such as a
female engineer or female programmer, could boost female student motivational outcomes in
STEM subjects (Gonzalez-Pérez et al., 2020; Morgenroth et al., 2015). By introducing
students to individuals in non-traditional gender roles, the goal is to challenge the gender
stereotypes they may hold and reduce the impact of these stereotypes on their motivational
outcomes (Shin et al., 2016). Another strategy involves targeting students’ beliefs about the
value of STEM. According to Eccles (1994), students are more likely to engage and invest
effort in a subject if they perceive it as personally valuable. In the context of STEM, female
students may not find much value in these subjects as they do not align with their gender
identity. Making the subject matter personally relevant to female students may alter their
perception of the subject’s value, thereby increasing the likelihood of their engagement,
interest, and motivation (Casad et al., 2018; Gaspard et al., 2015).

Beyond the specific strategies of interventions, contextual and participant
characteristics may also play a role in determining effectiveness. Research has explored how
student grade levels influence the success of interventions targeting motivational outcomes
(Wigfield & Wentzel, 2007). Although motivational outcomes can be influenced at any age,
evidence suggests that they are more malleable and easier to foster in younger students
(Gutman & Schoon, 2013; Snyder et al., 2019). As children transition into adolescence,
motivational outcomes like self-perceptions, interest, and engagement often naturally decline,
which may pose challenges to promoting them (Eccles et al., 1993; Jacobs et al., 2002). Some
meta-analyses suggest stronger intervention effects in younger age groups (Lazowski &
Hulleman, 2016; Unrau et al., 2018), but conclusions remain tentative, leaving grade-level
effects underexplored. School subject is another contextual factor to consider when evaluating
intervention effects on motivational outcomes. Given that motivational outcomes vary by
subject and are intricately linked to each specific domain (Bong & Clark, 1999), the effects of
interventions on these outcomes might differ across subjects. Additionally, there is some
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evidence that gender differences in motivational outcomes vary between subjects and may be
more pronounced in some STEM subjects than others. Large-scale international studies such
as PISA or the Trends in Mathematics and Science Survey results showed that while, on
average, girls had lower self-efficacy and self-concept than boys in both mathematics and
science, the differences were much wider in mathematics (OECD, 2015; Reilly et al., 2019).
The duration of the intervention may also moderate its effects; however, findings are mixed,
and this potential moderator is relatively underexamined in studies on motivational outcomes.
While a small number of reviews have found slight moderator effects of intervention duration
on other student outcomes (Durlak et al., 2011; Hattie et al., 1996), other reviews have found
no effects of intervention duration (Dignath et al., 2008; van Eerde & Klingsieck, 2018).
Collectively, these characteristics represent potential contextual factors that may influence the
efficacy of these school-based interventions. Assessing these moderators, alongside the
overall gender-specific effects of the interventions, is vital to addressing the research gap in
this area.

2.3.2 Teacher Constructive Support

While school-based interventions are promising methods for reducing gender
differences in motivational outcomes in STEM, they are often supplemental to regular
instruction and usually not an integral part of students’ day-to-day life in the classroom. In
addition to investigating intervention strategies, it is also crucial to identify which aspects of
everyday classroom experiences might contribute to fostering higher levels of motivational
outcomes for female students in STEM subjects. The classroom is influenced by a multitude
of diverse factors that shape students’ experiences. These include elements such as teaching
methods, feedback and assessment practices, peer interaction, and classroom resources (Urdan
& Schoenfelder, 2006). However, one of the most important factors in the classroom involves
the various interactions between the student and the teacher (Cadima et al., 2010). The teacher
is the most important figure in the classroom in relation to the student, and the various ways
that students and teachers interact during and outside of instruction greatly impact a variety of
student outcomes (Anderman et al., 2011; Buri¢ & Kim, 2020).

Of these various classroom characteristics, one aspect that is especially strongly linked
to student motivational outcomes is teacher constructive support (Cornelius-White, 2007).
Constructive support is a heavily researched construct in the literature on instructional quality
and 1s also commonly referred to as supportive climate (Klieme et al., 2009) or positive
climate (Buri¢ & Kim, 2020). Constructive support refers to the quality of social interactions
between teachers and students in classroom settings, characterized by elements of interest,
respect, warmth, and emotional connection (Praetorius et al., 2014). Providing constructive
support means accommodating individual student needs, giving encouragement, creating a
safe environment to ask questions, and intentionally building positive student relationships
(Fauth et al., 2014; Praetorius et al., 2018). Given that constructive support encompasses such
an extensive range of characteristics, it can be further divided into two distinct components:
instructional support and social-emotional support (Hamre & Pianta, 2005). Instructional
support encompasses teachers’ dedication to student learning and providing the support
necessary for instructional challenges. Teachers provide instructional support by actively
scaffolding student learning opportunities, offering productive and specific feedback, and
fostering concept development and higher-order thinking skills (Pianta et al., 2012). On the
other hand, social-emotional support refers to teachers’ sensitivity, concern, and
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responsiveness toward students on a personal, emotional level. Examples of social-emotional
support include displaying empathy and reassurance for student difficulties, effectively
addressing misbehaviors, and establishing safe emotional dynamics with students (Mashburn
et al., 2008). These two distinct facets are empirically distinguishable. However, they are
strongly correlated and can be categorized within the broader framework of constructive
support (Decristan et al., 2022; La Paro et al., 2004).

Constructive support is one of the aspects of classroom quality most strongly related to
student motivational outcomes, and research suggests that students who perceive high levels
of constructive support from their teachers report higher levels of various motivational
outcomes (Allen et al., 2006; Cornelius-White, 2007). Constructive support strongly predicts
student interest, especially in STEM subjects such as mathematics or science (Lazarides et al.,
2019; Lazarides & Ittel, 2013; Lerkkanen et al., 2012). Constructive support has also been
shown to positively impact student self-efficacy and competency beliefs (Aldridge et al.,
2012; Liu et al., 2018; Ma et al., 2021). Meta-analyses on constructive support have revealed
positive overall effects on student engagement (Roorda et al., 2011; Tao et al., 2022), as well
as positive associations with positive academic emotions, such as enjoyment, and negative
associations with negative emotions, such as anxiety (Lei et al., 2018). Students who perceive
higher levels of both instructional and social-emotional support from their teachers are more
likely to feel stronger motivation, have a higher value for the subject in question, and invest
more effort into learning activities (Dietrich et al., 2015; Federici & Skaalvik, 2013; Koca,
2016; A. M. Ryan & Patrick, 2001). Many researchers have explained these effects through
the framework of the self-determination theory of motivation. According to this theory,
individuals have inherent psychological needs for relatedness, competence, and autonomy,
and when these needs are met, motivation and engagement are enhanced (Deci & Ryan,
2002). Through this mechanism, when students perceive their teachers as being actively
engaged with, supportive of, and invested in their educational progress, as well as their
emotional well-being, those students will feel fulfilled in their psychological needs, leading to
higher motivational outcomes (A.J. Martin & Dowson, 2009).

When discussing the effects of interventions on student outcomes, it is essential to
consider that these effects may vary between students due to pre-existing individual
differences. This phenomenon is a central framework of psychology research called the
aptitude-treatment interaction. The aptitude-treatment interaction asserts that treatments,
interventions, or other factors will have varying effects on individuals depending on their
different aptitudes (Snow & Swanson, 1992). In educational contexts, the term “aptitude”
refers to any individual differences and includes cognitive abilities, as well as motivational or
affective learner characteristics (Snow, 1992). This paradigm has also been applied to
characteristics of instructional quality. In this case, aspects of classroom quality are
considered “treatments” and different student characteristics “aptitudes” (Kieft et al., 2008;
Rodger et al., 2007). Following this, some studies have found that constructive support may
be especially beneficial for students already at risk of lower motivational outcomes (Curby et
al., 2009; Decristan et al., 2016; Malecki & Demaray, 2006). This specific phenomenon
regarding constructive support has been explained through the academic risk perspective,
which proposes that for students who are already at risk of displaying lower levels of certain
outcomes, such as motivational outcomes, the presence of supportive relationships and
resources in the environment may have a particularly stronger influence (Hamre & Pianta,
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2005). In the context of STEM, research has indicated differences in motivational outcomes
between male and female students from an early age. Therefore, constructive support might
be especially beneficial for females in STEM. Constructive support creates an atmosphere
where students feel safe exploring and experiencing failure (Furrer & Skinner, 2003; Hughes
& Chen, 2011), which may particularly bolster female students who feel less competent in
STEM subjects. Constructive support can also lead to students feeling a deeper sense of
belonging in the classroom (Liu et al., 2018). This may also be especially beneficial for
females, who tend to perceive themselves as not belonging in STEM classrooms (Dasgupta &
Stout, 2014; Good et al., 2012).

Despite sound theoretical reasons suggesting that constructive support might have
particularly beneficial effects for females, its relationship to gender differences in
motivational outcomes within STEM contexts remains largely uninvestigated. Only a few
studies have investigated whether constructive support has differential effects on male and
female motivational outcomes. There is some evidence that constructive support may be more
connected to motivational outcomes in general for females than for males in both primary and
secondary school (McFarland et al., 2016; Rueger et al., 2008). In STEM subjects, in
particular, a sparse number of studies have found that different aspects of constructive support
were more strongly related to competence beliefs and engagement for females than for males
(Fredricks et al., 2018; Vekiri, 2010). Nevertheless, to date, no studies have explicitly
explored whether constructive support could potentially act as a moderator between gender
and motivational outcomes in STEM subjects, and if constructive support has especially
positive effects on the motivational outcomes of females. Whether the overall benefits of
constructive support for motivational outcomes differ for male and female students remains to
be seen. Indeed, scholars in this field of research have highlighted the need for a deeper
investigation into the gender-differential effects of constructive support for student outcomes
(Rueger et al., 2008). Investigating these effects is necessary in order to fully understand
which classroom characteristics have the potential to reduce gender differences in STEM
motivation.

2.3.3 Summary

The following section elaborated on the topic of reducing gender differences in STEM
motivational outcomes. While understanding the reasons behind these differences is
important, exploring strategies that can alleviate them and increase female participation in
STEM is equally crucial. This dissertation takes a multifaceted approach to this goal by
exploring two possible factors that could play a role in reducing these gender differences.
School-based interventions have been extensively studied as a targeted approach to promote
motivational outcomes overall, and various intervention studies have shown positive effects
on student motivation (Durlak et al., 2011; Lazowski & Hulleman, 2016). However, a
comprehensive overview of the effectiveness of these interventions in relation to gender
differences in STEM motivational outcomes is lacking. Another aspect explored in this
dissertation is teacher constructive support, which refers to the quality of interactions between
teachers and students. Constructive support is strongly and positively linked to student
motivational outcomes (Fauth et al., 2014). However, to date, there has been no research on
whether there are gender-specific effects of constructive support in STEM subjects.
Understanding and evaluating the impact of both school-based interventions and constructive



support provides a holistic perspective and guides future research on aspects of the
educational experience that could help to reduce gender differences in STEM motivational
outcomes.

18
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3 Research Gaps and the Present Research

In light of compelling evidence indicating lower levels of motivational outcomes
among females in STEM subjects, educational researchers and policymakers have emphasized
the need for further research on this topic. They call for exploring strategies within
educational contexts that can foster higher levels of motivational outcomes for female
students and, ultimately, assist in reducing the gender gap prevalent in STEM fields
(Hammond et al., 2020; Sanchez-Tapia & Alam, 2020). This dissertation seeks to contribute
significantly to this field by adopting a multifaceted approach. This approach encompasses
both the evaluation of existing research and the investigation of novel methods that have yet
to be explored. This approach also recognizes the need to consider both targeted approaches
that address students’ individual factors, as well as school and classroom contextual factors
that may also play a role in motivational differences (M.-T. Wang & Degol, 2013). Targeted
approaches such as school-based interventions have been shown to be effective in fostering
positive motivational outcomes (Lazowski & Hulleman, 2016) and therefore may also be
successful strategies for doing the same in terms of gender differences in those motivational
outcomes. However, the overall effectiveness of these interventions in relation to gender
differences in STEM motivational outcomes remains unclear. Moreover, inherent elements of
daily classroom dynamics profoundly influence student motivation. Among these elements,
teacher constructive support stands out as particularly influential in shaping motivational
outcomes (Cornelius-White, 2007), yet its relationship with gender differences in STEM
motivational outcomes remains underexplored. By integrating these two aspects into one
research project, the present dissertation aims to provide a holistic understanding of the
factors contributing to differences in gender-specific levels of motivational outcomes. The
goal of the present dissertation was to address the specific research gaps highlighted in the
previous section regarding the potential of school-based interventions and teacher
constructive support for reducing differences in male and female motivational outcomes in
STEM subjects. Therefore, the superordinate research question was the following:

Do school-based interventions and teacher constructive support have gender-specific
effects on student motivational outcomes in STEM subjects?

Under this overarching research question, more specific research questions were posed,
addressing the topics of school-based interventions and teacher constructive support in greater
detail.

3.1 Research Question 1

School-based interventions are a common tool used in educational research to promote
and foster a broad range of positive student outcomes. They have been frequently used to
directly or indirectly influence student motivational outcomes, especially in STEM subjects
(Lin-Siegler et al., 2016; Rosenzweig & Wigfield, 2016). However, the results of these
intervention studies tend to vary, and gender-specific effects are often overlooked or not
reported. The research on this topic lacks a systematic overview that allows for an overall
evaluation of the gender-specific effects of these interventions on student motivational
outcomes in STEM subjects. Additionally, the strategies used by these interventions, as well
as the characteristics of the samples, settings, and empirical process, vary widely across
primary studies. There is a need for a comprehensive assessment of these varying
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characteristics across studies to investigate whether different context factors may also play a
role in the gender-specific effects of these school-based interventions. These research gaps
lead to the following research questions:

la: Do school-based interventions that promote motivational outcomes in students
have differential effects for males and females in STEM subjects?

lv: Are the gender-specific effects of the school-based interventions moderated by
factors such as student age, subject, intervention method, or intervention duration?

3.2 Research Question 2

When addressing gender differences in student motivational outcomes in STEM, a
substantial body of research has focused on targeted, novel methods such as school-based
interventions. However, a notable research gap remains in regard to the effects of various
aspects of everyday classroom practices. Students spend a substantial amount of time in the
classroom interacting with teachers and peers, and these enduring experiences have also been
shown to have a strong relationship with multiple motivational outcomes (Scherer & Nilsen,
2016). Teacher constructive support is one such aspect that is especially closely connected to
various student motivational outcomes (Patrick et al., 2007). However, despite these strong
connections, limited empirical attention has been given to the relationship of teacher
constructive support to gender differences in student motivational outcomes. Gaining insights
into this relationship is essential for discerning the everyday student experiences that may
relate to differing levels of gender differences in motivational outcomes in STEM. A better
understanding of constructive support in relation to gender differences in STEM motivational
outcomes would lead to more targeted research on the topic and could also allow teachers to
become aware of how they can better support female students in STEM. Therefore, this
dissertation aims to fill this research gap by investigating the following research questions:

2.: Do student perceptions of constructive support moderate the relationship between
gender and students’ self-concept, self-efficacy, and interest in secondary school mathematics
lessons on quadratic equations?

In addition, the following subordinate research question was also investigated:

2»: What are the direct effects of gender and teacher constructive support on student
motivational outcomes in mathematics?

3.3 Empirical Studies

To address the research questions defined above, two empirical studies were
conducted and used as the basis of this dissertation. Study I used meta-analysis to examine the
gender-specific effects of school-based interventions on student motivational outcomes in
STEM subjects, as well as the effects of various contextual factors across studies, thereby
addressing both research questions 1, and 1p. Study II employed latent interaction structural
equation modeling to investigate the moderating effect of perceived teacher constructive
support on the relationship between gender and motivational outcomes in mathematics. This
study simultaneously examined the direct effects of both gender and perceived constructive
support on motivational outcomes as well, thus addressing research questions 2, and 2. An
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overview of the research goals, methodology, and main results of these two studies can be
found in section 4, and the studies can be found in full in the Appendix (Appendix A and B).
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4 Summary of Publications

4.1 Study |

Lesperance, K., Hofer, S., Retelsdorf, J., & Holzberger, D. (2022). Reducing gender
differences in student motivational-affective factors: A meta-analysis of school-based
interventions. British Journal of Educational Psychology, 92(4), 1502-1536.

4.1.1 Research Goals

When considering the extensive body of evidence regarding gender differences in
motivational outcomes in STEM subjects (M.-T. Wang & Degol, 2017), it is a clear objective
of research on gender and education to investigate strategies that schools and teachers can use
to aid in reducing these differences (M.-T. Wang & Degol, 2013). School-based interventions
are a widely used method in various aspects of educational research and have also been
frequently used to foster motivational outcomes across various ages and subjects (Lazowski &
Hulleman, 2016; Wigtfield & Wentzel, 2007). Although a large number of studies have
evaluated the effect of various school-based interventions on student motivational outcomes
overall, many of these studies do not focus on gender-specific effects and those that do often
return mixed results. Additionally, these intervention studies differ widely in terms of the
interventional strategies and motivational outcomes they address, and it is unclear which
interventions are most promising in regard to gender-specific differences in motivational
outcomes. To date, there has not been a comprehensive review and analysis of school-based
intervention studies to determine if and how the intervention effects differ according to
gender. It is unclear which of these interventional methods, if any, might be more effective for
especially fostering female motivation in STEM subjects. Without this knowledge, research
aiming to reduce gender differences in student motivational outcomes in STEM cannot
advance effectively.

Therefore, to address this research gap, the first research goal of Study I was to
investigate whether school-based interventions that target student motivational outcomes can
aid in reducing gender differences in said outcomes in STEM subjects. To evaluate as many
studies as possible, an extensive range of motivational outcomes were considered based on
the theoretical definitions of motivational constructs (P. K. Murphy & Alexander, 2000;
Pintrich, 2003b). This included various constructs related to motivation, interest, self-beliefs,
goals, and academic emotions. The intervention strategies also varied widely, including
various intervention methods. These encompassed interventions that specifically targeted
female motivational outcomes in STEM and interventions that targeted all student
motivational outcomes in STEM. Including this broad range of studies allowed for a
comprehensive, systematic evaluation of their varying effects.

Additionally, given the varying samples, methods, and characteristics of studies on
school-based interventions, it is difficult to discern from the primary studies alone under what
conditions these interventions might be most effective. In the current body of research, it
remains unclear whether the interventions are more successful, for example, at certain school
levels, in certain subjects, or using certain methods. Therefore, the second research goal of
Study I was to evaluate whether certain moderating variables, such as student age, subject,
intervention method, or duration, might influence the effectiveness of these interventions.
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4.1.2 Methodology

In order to evaluate the gender-specific effects of school-based interventions across
multiple primary studies, this study utilized meta-analytic methods. Meta-analysis allows for
the aggregation and analysis of effect sizes from multiple studies in one meta-analytic model
in order to evaluate the overall effectiveness of the interventions. The first step in a meta-
analysis is a systematic literature search for relevant studies, which involves searching
electronic research databases, as well as manually searching through related literature and
contacting authors in the field for potential studies. This literature search resulted in N = 8,509
studies after removing duplicates. The second step was to screen the titles and abstracts of
each study to decide whether they met the criteria for inclusion in the meta-analysis in
accordance with a set of pre-determined inclusion and exclusion criteria. After this screening
process, 171 studies were considered relevant for the meta-analysis. The relevant variables
were then extracted from these included studies based on the full-text manuscripts. After
eliminating outliers, 20 studies with a total of 71 effect sizes were included in the final
analyses. The effect sizes of these studies were then calculated using the extracted
information on means, standard deviations, and sample sizes. Effect sizes were calculated
separately for males and females for each study and were defined as the difference (g)
between the standardized mean change score for the treatment and control groups. Meta-
analytic models were then implemented to evaluate the overall effect size across studies.

To identify moderating factors that might impact the effectiveness of the interventions,
additional variables of interest were extracted from the primary studies, specifically the
variables of school subject (mathematics or science), school level (primary, lower secondary,
or upper secondary), intervention duration, intervention method (psychosocial or
instructional) and intervention target (gender targeted or not). Differences and similarities
among types of motivational outcomes were explored by classifying the outcomes into four
subcategories. These subcategories were roughly based on the conceptualization of
motivational constructs put forth by Murphy and Alexander and consisted of attitudes, self-
schemas, motivation, and affect. All moderating variables were then evaluated using random
effects meta-regression models. Meta-regression is an extension of the basic meta-analytic
model, which allows researchers to investigate whether certain characteristics of the primary
studies might explain between-study heterogeneity.

4.1.3 Main Results and Discussion

The meta-analysis showed that while the interventions had significant effects on
student motivational outcomes overall for both genders, there were no significantly different
effects for males or females. In other words, both genders benefitted equally from the
interventions. However, while not statistically significant, results showed that the overall
effect size for females (g = 0.49) was descriptively larger than that for males (g = 0.28).
Nevertheless, these results were not statistically significant and therefore cannot be
interpreted as evidence of a true effect.

Varied results emerged regarding the moderator variable analyses. There was a
significant effect of the intervention method used. For psycho-social interventions, there was
a significantly higher effect for females (g = 0.53) than males (g = 0.19). Interventions
specifically targeted towards females had higher effects for females (g = 0.63) than
interventions not targeted for females (g = 0.20). However, there were no significant
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differences between males and females in targeted or non-targeted interventions.
Descriptively, intervention effects were slightly greater on average for students in primary
school (g = 0.48) and lower secondary school (g = 0.43) than for students in upper secondary
school (g = 0.32). However, these results were not significant. There were also no significant
effects on the school subject or intervention duration. No significant differences were found
here regarding the type of motivational outcomes. The largest descriptive effect size could be
seen for attitudes, followed by self-schemas, motivation, and affect.

These findings demonstrate that while school-based interventions have positive effects
for all students, no significant effects were found based on gender in the interventions overall.
While descriptive effect sizes suggest that there might be a higher overall effect for females,
more research is necessary to determine whether these effects truly exist. However, the results
indicate that psycho-social interventions might be particularly effective for enhancing
motivational outcomes for female students than for males. Additionally, it seems that
interventions explicitly targeted at female students markedly enhance their motivational
outcomes in comparison to female students receiving non-targeted interventions. However,
the distinction between gender-targeted and non-gender-targeted approaches does not appear
to significantly affect outcomes when comparing males and females. While some descriptive
trends were evident for the moderator analyses, no significant effects of grade level, school
subject, or intervention duration were observed.

4.2 Study 11

Lesperance, K., Decristan, J., & Holzberger, D. (2023). The role of teacher constructive
support for gender differences in motivational outcomes in secondary school mathematics.
International Journal of Gender, Science and Technology, 15(3).

4.2.1 Research Goals

The main topic of Study II centered on the moderating role of teacher constructive
support between gender and student motivational outcomes in mathematics classrooms. When
investigating methods that could play a role in gender differences in student motivational
outcomes in STEM subjects, it is also important to identify aspects of students’ daily
classroom experiences that may be effective in achieving this goal. Constructive support is an
aspect that is especially strongly related to student motivational outcomes (Cornelius-White,
2007). Constructive support can be differentiated into instructional support and social-
emotional support, and both facets are positively connected to student motivational outcomes
(Hamre & Pianta, 2005; Patrick et al., 2007). However, few empirical studies have
investigated whether high levels of constructive support especially benefit females in STEM
subjects. Therefore, the main goal of Study II was to evaluate whether student perceptions of
constructive support had a moderating effect on the relationship between gender and
motivational outcomes in mathematics classrooms. The direct effects of gender and teacher
constructive support on the student motivational outcomes were also evaluated. Drawing from
prior research on gender differences in STEM and the importance of constructive support for
motivation, this study aimed to contribute to research on everyday aspects of teaching quality
that could also serve to reduce gender differences.
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4.2.2 Methodology

To achieve the research goals of Study II, it was necessary to use a dataset containing
both student motivational outcomes and student perceptions of constructive support. It was
also necessary that the data was collected from students in a STEM subject. The Teaching and
Learning International Survey (TALIS) Video Study 2018 is an ideal dataset for this study, as
it includes data on student motivational outcomes, as well as student reports of classroom
experiences in mathematics classrooms in lower secondary school. Therefore, this study
utilized the German subsample of the TALIS data (OECD, 2020b, 2020c). The final sample
for this study consisted of N = 1,116 students (48.5% female) with a mean age of 15 years.
The data was obtained from the TALIS Video Study post-test questionnaires, which were
administered after students participated in two mathematics lessons on quadratic equations
with their regular mathematics teachers. Items from the student post-test questionnaire were
used to model the latent outcome variables of self-concept, self-efficacy, and interest in
lessons on quadratic equations. Constructive support was assessed through items asking
students their perceptions of the amount of constructive support offered by their teachers, both
for instructional support and social-emotional support. Student perceptions are considered an
appropriate measure of aspects of teaching quality, especially concerning the importance of
those aspects for their individual outcomes (Gollner et al., 2021). Student gender was
obtained from the pre-test questionnaire.

To evaluate the fit of the items to the latent variables, confirmatory factor analyses
were conducted for all latent variables. Measurement invariance was also tested for all
variables to establish comparability between male and female variables. To examine the direct
effects of gender and both facets of constructive support on motivational outcomes, a
structural equation model with gender as the predictor of self-concept, self-efficacy, and
interest was fit to the data as a first step. Subsequently, both facets of perceived constructive
support were added to the model as predictors without any interaction effects. To examine the
moderating effect of constructive support, a latent moderated structural equation model was
evaluated, which included gender, perceived instructional support, and perceived social-
emotional support as predictors of the three motivational outcomes, as well as the interaction
effects between gender and each of the facets of perceived constructive support. Following
recommendations from Maslowsky and colleagues (2015), the model with interaction effects
was then compared to the model without interaction effects using the likelihood ratio test
statistic to evaluate which model best fit the data. For all models, the standard errors were
adjusted to account for the nested data structure, which encompassed students within
classrooms.

4.2.3 Main Results and Discussion

Confirmatory factor analysis results of all latent variables displayed excellent model
fit, and measurement invariance analyses confirmed configural, scalar, and metric invariance.
Regarding the direct effects of gender, results showed that girls reported significantly lower
self-concept (f =—.15, p =.02) and lower self-efficacy (f =—.33, p <.001) in mathematics
than boys. There was no significant effect of gender on mathematics interest. Perceived
instructional support significantly predicted student self-concept (= .36, p <.001), self-
efficacy (f = .24, p = .01), and interest (f = .20, p = .03). Perceived social-emotional support
significantly predicted interest (8 = .20, p <.001), but not self-concept or self-efficacy. The
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model with the interaction included was not a better fit to the data than the model without
interaction. Additionally, the individual interaction coefficients were non-significant.
Therefore, in the current data, no interaction effects were found between gender and perceived
constructive support.

Study II underscores the presence of gender differences in motivational outcomes
related to mathematics. The findings align with prior research, which has also found that
female students in secondary school tend to display lower levels than males of competency
beliefs, such as self-efficacy and self-concept, in mathematics (OECD, 2013). However, the
results also indicate that these negative effects of gender for females do not exist for the
motivational outcome of interest in the current sample. While perceived instructional support
positively predicted all three motivational outcomes, positive effects of perceived social-
emotional support were only seen for interest. This result suggests that various aspects of
constructive support may have differential effects on different aspects of motivation. Due to
the absence of interaction effects, these findings did not substantiate the idea that constructive
support may have an especially strong effect on female motivational outcomes in
mathematics. However, constructive support remains pivotal in nurturing secondary school
students’ motivation in mathematics, irrespective of gender. Further research is needed to
explore which aspects of teaching quality are associated with gender differences in STEM
subjects, such as mathematics.
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5 Discussion

The overall goal of this dissertation was to investigate school-based interventions and
teacher constructive support as two possible areas that could be promising avenues for
research concerning the reduction of gender differences in STEM motivational outcomes. In
Study I, meta-analysis was used to conduct a comprehensive review of the current body of
research concerning school-based interventions in order to systematically evaluate the gender-
specific effects of these interventions in STEM subjects. The use of meta-analytic methods
also allowed for the inspection of various moderating factors that might influence the results
of these interventions. In Study 11, a large-scale data set was used to evaluate whether there
was a moderating effect of teacher constructive support on the relationship between gender
and motivational outcomes in mathematics, a core STEM subject. To date, this relationship
has not been thoroughly investigated, especially in the context of STEM motivational
outcomes. The combination of targeted approaches as well as the inspection of everyday
classroom interactions, allowed for a multidimensional investigation of potential strategies,
both established and novel, for reducing gender differences in student STEM motivational
outcomes. The main findings and their interpretations in the context of research on gender
differences in STEM are discussed below in Section 5.1, starting with school-based
interventions, followed by constructive support, and a summary and synthesis of the key
findings. This is followed by a discussion of the methodological considerations in Section 5.2,
including the strengths and limitations of the dissertation. In Section 5.3, directions for further
research as well as practical implications of the results are outlined.

5.1 Discussion of the Main Findings

5.1.1 School-Based Interventions

In order to provide a holistic investigation of strategies that might reduce gender
differences in STEM motivational outcomes, the current research took two approaches. The
first was to investigate the gender-specific effects of school-based interventions on student
motivational outcomes in STEM. Although school-based interventions are a commonly used
approach for fostering student motivational outcomes overall (Wigfield & Wentzel, 2007), the
literature lacks a systematic overview that investigates whether the effects of these
interventions differ for male and female students in STEM subjects. Therefore, through meta-
analysis, Study I provides a valuable review of current research while extending the
implications of these school-based interventions to the field of gender differences.

The first research question of Study I (research question 1) was whether school-based
interventions that promote motivational outcomes in students have differential effects for
males and females in STEM subjects. The results demonstrate that, on an overall level,
school-based interventions have a positive effect on motivational outcomes for all students.
This corroborates prior meta-analyses on school-based interventions, which also found that on
a general student level, interventions have a positive overall effect on student motivational
outcomes (Durlak et al., 2011; Hecht et al., 2019; Lazowski & Hulleman, 2016). This is
encouraging, as it indicates that these interventions are functioning as designed, and are a
worthwhile method to continue pursuing in research on fostering higher levels of student
motivational outcomes. However, regarding the gender-specific effects of the school-based
interventions, while the observed overall effect size for females was larger than for males, this
difference did not reach statistical significance. This indicates that while a descriptive
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difference was observed, it is not possible to make any definitive claims regarding the gender-
specific effects of these interventions. This lack of significance may be due to the relatively
small number of primary studies included in the meta-analysis, which could have resulted in
the inability to detect smaller differences between the genders. A larger number of primary
studies would increase statistical power, potentially allowing for the detection of smaller
effects. Nevertheless, these results should be interpreted with caution, and further research is
needed to conclusively detect potential gender differences in intervention effects.

Despite the absence of statistically significant findings, the descriptive effects
observed in the study provide valuable insights that merit discussion, as they could tentatively
inform future research directions. The larger effect size observed for females, although not
statistically significant, leaves open the possibility of a difference in the impact of
interventions overall on motivational outcomes between genders. It has been suggested that
females may reap greater benefits than males from interventions in STEM, as gender-
stereotypical societal beliefs put females at a greater need for motivational support in these
subjects (Rosenzweig & Wigfield, 2016). As female students tend to start from a lower level
of motivational outcomes, their gains from interventions may be greater than males, who may
already have more optimal levels of these outcomes. However, this has yet to be confirmed on
a meta-analytic level. The descriptive findings from Study I underscore the importance of
conducting additional research to further explore this potential gender-specific effect. Given
that few research syntheses have been conducted on school-based intervention effects on
motivational outcomes in STEM and even fewer on the gender-specific effects of those
interventions, these results provide a promising starting point for future research on this topic.
By using larger sample sizes, future investigations can shed more light on whether school-
based interventions in STEM subjects might have a more significant impact on the
motivational outcomes of female students.

The second research question of Study I (research question 1p) investigated whether
the (gender-specific) effects of the school-based interventions were moderated by factors such
as student age, subject, intervention method, or intervention duration. The results of this
research question revealed interesting differences across studies. One central moderator was
the type of intervention method employed in the primary study. To assess the moderating
effect of these intervention methods, it was necessary to classify them into two broad
categories: psycho-social and instructional approaches. The results indicated that while both
approaches had descriptively larger effect sizes for females, there was only a significant
gender difference for psycho-social interventions. Furthermore, the effect size of psycho-
social interventions for females was notably greater compared to that of males. In other
words, psycho-social interventions had a significantly stronger impact on motivational
outcomes for females than for males. These psycho-social interventions target the crucial
beliefs and underlying mechanisms directly influencing motivational outcomes (Walton &
Wilson, 2018). A substantial portion of the gender differences in motivational outcomes in
STEM can be attributed to stereotypical beliefs that shape students’ identities, ideas, and
perceptions of STEM subjects. Interventions that directly address these outcomes may
therefore yield particularly beneficial results for females, who face negative stereotypes with
respect to motivational outcomes in STEM subjects. Future research on interventions to
promote female motivational outcomes in STEM should continue to pursue and evaluate
psycho-social methods.
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Further moderator analyses showed that, for females, interventions that specifically
targeted females yielded significantly larger effect sizes compared to non-gender-targeted
interventions. Interventions that target females specifically often challenge traditional gender
stereotypes that many students tend to have in STEM in an effort to reduce the negative
effects of these stereotypical beliefs on females’ motivational outcomes. As female deficits in
motivational outcomes in STEM are substantially due to these stereotypical gender beliefs,
interventions that directly target these beliefs may therefore have a stronger effect compared
to interventions that also target motivational outcomes but from a more general perspective.
These findings underscore that when developing interventions to reduce gender differences in
STEM, it is essential to address the specific stereotypical beliefs that often lead to lower
motivational outcomes for females and consider how those beliefs relate to the motivational
outcomes in question.

No significant differences were found for grade level, school subject, or intervention
duration. When looking at the effect of grade level, moderator analyses showed larger
descriptive effect sizes for primary and lower secondary school students than for upper
secondary school students. However, these results were not statistically significant. While not
confirmed in the current study, prior research has found that childhood and early adolescence
may be more critical periods for using interventions to target motivational outcomes in
students (Lazowski & Hulleman, 2016; Wigfield & Wentzel, 2007). This may be due to the
overall decline in motivational outcomes that occurs as students get older (Jacobs et al., 2002;
Lepper et al., 2005), making earlier years a more effective time for targeting these outcomes.
School subject was also not a significant moderator, and there were no significantly different
effects between the interventions conducted in mathematics or science. This indicates that the
interventions have the same effects, whether conducted in mathematics or science. Although
there is some research to suggest that motivational gender differences are larger in
mathematics than in science (OECD, 2015; Reilly et al., 2019), it is possible that similar
motivational mechanisms in both mathematics and science were addressed in the included
interventions, meaning subject-specific effects might not be evident. However, it is also
possible that due to the relatively smaller sample size, the specific subsamples of
interventions in mathematics and science did not provide enough power to detect subject-
specific effects. Lastly, there was no significant effect of intervention duration on the
intervention effects. This is consistent with the mixed results from other research syntheses on
intervention studies. While certain syntheses have reported shorter interventions as having
larger effects (Hattie et al., 1996), others have found longer interventions to have stronger
effects (Slavin et al., 2009), and others have even found no effects of intervention duration
(Dignath et al., 2008; van Eerde & Klingsieck, 2018). These mixed results may be due to the
varying ways in which intervention duration is often quantified in meta-analyses. However, in
the case of the current study, the relatively small sample size and measurement of intervention
duration as a continuous variable might have made it difficult to detect any potential effects.

5.1.2 Teacher Constructive Support

Following the results concerning the gender-specific effects of school-based
interventions, the question arises: What about more regular aspects of students’ classroom
experience? The interactions students have in the classroom and the support they receive from
their teachers also has a strong impact on their motivational outcomes (R. M. Ryan et al.,



30

1994), however, this has not yet been investigated in relationship to gender differences in
motivational outcomes in STEM subjects. Study II therefore complements Study I by
examining the moderating role teacher constructive support plays in the differing effects of
gender on motivational outcomes in mathematics (a core STEM subject). Study II provides a
novel investigation of another facet of student experiences in school that could also contribute
to addressing differing levels of motivational outcomes between male and female students.

Before investigating the moderating effects of constructive support, it was necessary to
first evaluate the direct effects of both gender and constructive support on the motivational
outcomes of self-concept, self-efficacy, and interest in mathematics lessons (research question
2y). Firstly, when looking at the effects of gender on self-concept, self-efficacy, and interest,
the results partially aligned with prior research but also revealed some contradictions. Females
had significantly lower levels of self-concept and self-efficacy in mathematics lessons, which
is a pattern that can be seen in numerous other studies (Goldman & Penner, 2016; Huang,
2013; S. Lindberg et al., 2013; Pajares, 2005). These results, in combination with prior
research, support the claim that female students tend to underestimate their own competence
in mathematics and have more negative judgments of their own capabilities in mathematics
than male students (OECD, 2015). However, no significant effects of gender were found for
the variable of interest in mathematics lessons. This is in contrast to other studies that have
found females to report lower levels of interest in mathematics (Frenzel et al., 2010; Koller et
al., 2001; Preckel et al., 2008). However, a small number of studies have also found minimal
or no differences between boys’ and girls” mathematics interest (Fredricks et al., 2018; Jacobs
et al., 2002). For example, Simpkins and colleagues (2006), in their analysis of 227
elementary school students, found a significant difference between male and female students
in mathematics self-concept but not in mathematics interest. Additionally, Ganley and
Lubienski (2016) observed that while there was a slight difference between male and female
students' mathematics interest, it was notably smaller than their differences in mathematics
competency beliefs. The current results, combined with this prior research, suggest that the
effects of gender on interest in mathematics may not be as prominent as the effects on
competency-related variables such as self-concept and self-efficacy. Interest, while also
related to motivation, is a much more affective outcome than self-efficacy or self-concept. An
individual’s interest in a subject may not necessarily be as affected by gender-stereotypical
beliefs. These findings highlight the complexities of the relationship between gender and
motivational outcomes and the importance of addressing these nuances when researching
gender differences in STEM motivational outcomes.

The direct effects of the two facets of constructive support varied. While both facets of
perceived constructive support were positively related to student interest, perceived
instructional support was the only facet that had a positive effect on students’ self-concept and
self-efficacy. This differentiation provides evidence regarding the crucial role of a supportive
classroom environment in fostering student interest. Instructional support, including clear
feedback, helpful resources, and guidance, alongside social-emotional support, which
addresses students’ need for emotional well-being and a sense of belonging, seem to
collectively fuel student interest. This aligns with prior research, which has also found similar
relationships between constructive support and interest (Lazarides & Ittel, 2013; Patrick et al.,
2007). However, a notable distinction appears for self-concept and self-efficacy. The current
findings suggest that perceived instructional support has a more vital impact for promoting
higher levels of these motivational outcomes in students. Both self-concept and self-efficacy
are highly related to students’ judgments of their own capabilities, both on a specific and
general level (Bong & Skaalvik, 2002). Instructional support directly relates to these
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judgments by allowing an encouraging environment for students to learn from their mistakes
and improve their own skills. These opportunities, combined with constructive feedback and
direction when needed, could increase feelings of competence (Havik & Westergérd, 2020;
Pianta et al., 2012). While social-emotional support is certainly also crucial for student well-
being overall, the more affective nature of this type of support might not lend itself as much to
students feeling confident in their cognitive abilities.

The main research question of Study II (research question 2.) evaluated whether
student perceptions of constructive support moderated the relationship between student
gender and the motivational outcomes of self-concept, self-efficacy, and interest in secondary
school mathematics classes. Constructive support has been shown to be especially beneficial
for specific groups at risk of having lower levels of motivational outcomes (Curby et al.,
2009; Malecki & Demaray, 2006). Additionally, various positive mechanisms of constructive
support, such as fostering a sense of belonging (Liu et al., 2018) and creating a safe
environment to explore (A. M. Ryan & Patrick, 2001), might directly address specific deficits
that female students experience in STEM subjects. However, despite the sound theoretical
arguments for why this moderating relationship might exist, no significant moderation effects
emerged for gender and constructive support for any of the student motivational outcomes.
These findings imply that the positive effects of perceived constructive support are consistent
across genders, and they do not have an especially beneficial impact for females, as
hypothesized. Although constructive support has been shown to have higher effects for certain
disadvantaged groups (Curby et al., 2009; Decristan et al., 2022; Malecki & Demaray, 2006),
the current study was not able to find support for these same differential effects pertaining to
gender differences. It is possible that the beneficial effects of constructive support on
motivational outcomes may not be sufficient to account for the specific disadvantages that
female students face in STEM. The root causes of lower motivational outcomes among
females in STEM subjects, such as gender stereotypical beliefs, may not be addressed by
constructive support. Therefore, even though constructive support is beneficial, it raises the
motivational outcomes of males and females equally without providing the extra boost
necessary to even the levels between genders. It is possible that the inherent nature of
constructive support is not targeted enough to combat these stereotypes, and more explicit
measures are needed to bolster female students’ motivational outcomes in STEM.

There are methodological aspects of Study II that may have also contributed to the
absence of interaction effects between gender and constructive support. The cross-sectional
use of the data limited the evaluation of interactions between gender and perceived
constructive support over time. Since motivational outcomes develop over the course of a
student’s life, a measurement at one time point or even a short period of a few weeks may not
be sufficient to detect more complex interactions. Although this study attempted to measure
the variables of interest as specific states in a particular education context, future research
might consider longitudinal designs to provide more precise insights into these connections.
Moreover, two main approaches exist for measuring motivational outcomes. Motivational
outcomes measured as states reflect perceptions uniquely associated with specific academic
experiences, whereas motivational outcomes measured as traits depict enduring, long-term
propensities across various educational contexts (Soland et al., 2019; Wasserman &
Wasserman, 2020). There is evidence suggesting that motivational outcomes measured as
states can vary in relation to situation-specific factors and interactions, especially in relation
to classroom environments (Gaspard & Lauermann, 2021; A. J. Martin et al., 2020; Patall et
al., 2018). Given that Study II focused solely on state-related motivational outcomes, the
potential for interaction effects in regard to trait motivational outcomes must be
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acknowledged. Nonetheless, a comprehensive evaluation of such interaction effects would
also require a longitudinal study design.

5.1.3 Summary and Synthesis

In this dissertation, the combined findings of the two included studies highlight the
intricate dynamics between gender, motivational outcomes in STEM, and approaches for
reducing gender differences in these outcomes. A central insight is the need for a more
detailed understanding of this relationship and the development of specialized strategies that
address these specific dynamics. While existing literature has identified common gender
patterns associated with motivational outcomes and intentions to pursue STEM (Eccles &
Wang, 2016), the current dissertation reveals a more nuanced understanding of these patterns
and suggests that strategies to address them might not always be universally effective.
Specifically, Study II underscores that the most pronounced gender differences are found in
competency-related beliefs, particularly in self-concept and self-efficacy in mathematics,
rather than in interest in mathematics. This observation implies that efforts to boost female
students’ motivational outcomes in STEM may be more effective by paying particular
attention to females’ competency beliefs. In turn, Study I demonstrates that not all
intervention strategies are equally effective for reducing gender differences in motivational
outcomes. In particular, psycho-social interventions, designed to engage directly with
motivational mechanisms, appear to have a more profound influence on female students in
STEM than males. Further, the findings from Study I regarding the higher effects for female
students of interventions that specifically target females, compared to female students who
receive non-gender-targeted interventions, emphasizes the importance of not only using
psycho-social interventions but also tailoring these interventions to address gender-specific
challenges for females in STEM. In synthesis, these findings advocate for a targeted research
approach, emphasizing psycho-social interventions that aim to bolster female competency
beliefs in STEM. As indicated by this dissertation, such an approach could be pivotal for
enhancing specific motivational outcomes where female students in STEM are most in need.

5.2 Methodological Considerations

5.2.1 Strengths

The two studies conducted in the current dissertation have several strengths that are
valuable to research on the topic of gender differences in STEM motivational outcomes. One
of the main strengths of this dissertation was the complementary approach of considering two
different aspects that could contribute to reducing gender differences in STEM motivational
outcomes. While substantial research has been conducted on strategies for reducing gender
differences in STEM, much of this research tends to focus on singular strategies, such as
specific interventions or extracurricular programs (Liben, 2015; Stringer et al., 2020). While
worthwhile, these endeavors neglect to consider the multi-faceted nature of gender differences
in STEM motivation. Research into these gender differences has called for more
comprehensive investigations that consider multiple aspects of educational practice, including
classroom interactions and targeted, in-class strategies (dos Santos et al., 2022; Kuchynka et
al., 2022). The current dissertation directly addresses this need by evaluating both school-
based interventions and constructive support in the classroom as two possible factors for
reducing gender differences in STEM motivational outcomes.
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One of the prominent strengths of Study I is the use of meta-analysis to evaluate the
research questions regarding school-based interventions and gender differences in STEM.
Meta-analysis allows for a systematic aggregation of numerous primary studies whose various
results might otherwise be overwhelming (Hedges & Pigott, 2001). When evaluating various
primary studies conducted on the same topic, it can often be challenging to gain an overview
of the differing results. Utilizing meta-analytic methods enables a robust estimate of the
overall intervention effects, while also accounting for inconsistencies and variation across
studies (Bangert-Drowns & Rudner, 2019). A large range of studies were considered,
encompassing a variety of motivational outcomes, intervention strategies, and populations,
allowing for the generalizability of the results to various contexts. This generalizability relates
to another advantage of meta-analysis, which is the possibility to assess moderating variables
that might impact intervention effects across studies (Hedges & Pigott, 2004). Research
related to gender differences in STEM has recognized the need for more systematic reviews
of intervention studies, not just to examine their overall effect, but also to evaluate moderators
of those effects (Master & Meltzoff, 2020). By examining moderating variables such as
school level, subject, intervention method, and duration, this study provided a closer look at
the factors underlying these interventions that might have had an impact on their success.
Understanding these factors is crucial for effectively implementing interventions in real-world
settings.

The analysis methods chosen for Study II also reflect a considerable strength of the
current dissertation. A primary strength was the use of latent variable modeling. One of the
main advantages of using latent variables in analyses is that the measurement error can be
adjusted for in the measured variables, allowing for more accurate parameter estimates
(Ledgerwood & Shrout, 2011). As a result, the estimations of relationships between variables
are more accurate and more reflective of the actual underlying relationships. Additionally,
while various approaches have been proposed for modeling interactions between latent
variables (Kenny & Judd, 1984; Little et al., 2006; Marsh et al., 2013), the latent moderated
structural equation modeling approach used in Study II is one of the most strongly
recommended methods (Cortina et al., 2021). Compared to other methods of latent interaction
modeling, latent moderated structural equation models produce higher power, more accurate
estimates, and smaller standard errors (Cheung et al., 2021; Klein & Moosbrugger, 2000).
These strengths make latent moderated structural equation models an especially sound method
for investigating complex interaction relationships.

5.2.2 Limitations and Future Research

While this dissertation has many strengths and contributes essential findings to
research on gender differences in student STEM motivational outcomes, there are also various
limitations to be considered that provide directions for future research on this topic.

Both studies primarily employed self-report data measures to assess student
motivational outcomes. In Study I, the reliability of the self-report instruments was evaluated
and controlled for in the meta-analysis. Additionally, in Study II, the instruments used
demonstrated high levels of reliability and were developed by an expert team. Self-report
measures are the most widely used method to assess motivational outcomes and are
considered appropriate given the personal, subjective nature of these outcomes (Fulmer &
Frijters, 2009). However, the use of self-report instruments inherently involves challenges,
including biases such as the social desirability effect, where respondents might inadvertently
or consciously present themselves more favorably (Fisher & Katz, 2000). Self-report
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instruments also introduce the potential for common method variance, where the results could
be influenced more by the measurement method rather than the actual constructs being
investigated (Donaldson & Grant-Vallone, 2002). Considering these challenges, future
research could employ more diverse research designs. For instance, integrating both
qualitative and quantitative data through mixed-method approaches could provide a more
comprehensive understanding of motivational outcomes and how various strategies affect
these motivational outcomes for males and females (Creswell, 1999).

Regarding Study I, one disadvantage of meta-analysis is its limitation to the studies
available in the literature at the time of the analysis. In the current study, 35 relevant studies
had to be excluded during the coding process for various reasons, resulting in a smaller
sample size. A substantial number of studies were excluded due to a lack of a control group,
pre-test measures, or other missing study quality criteria. Research syntheses such as meta-
analyses require high-quality primary studies to deliver robust results, meaning it is crucial to
evaluate the rigor of primary studies included in the analyses and exclude studies that do not
meet the established criteria (Siddaway et al., 2019). However, this resulted in a smaller
sample size and a narrower range of intervention methods. This issue highlights the need for
future intervention research to follow established guidelines for producing high-quality
research, including the use of control groups, evaluation of baseline equivalency, reliable
measurement instruments, and transparent reporting (What Works Clearing House, 2022).
Additionally, several studies investigated relevant interventions without reporting gender-
specific results, which made it impossible to calculate distinct effect sizes for males and
females. This resulted in the loss of potentially beneficial intervention methods, as well as a
more restricted sample size. Future research on school-based interventions and motivational
outcomes in STEM should strive to report not only the overall effects of the interventions, but
also the differential intervention effects for males and females, even if this is not a central
aspect of the research questions. There is a crucial need for intervention research
disaggregated by gender to bolster efforts to increase gender equality in STEM subjects
(UNESCO, 2016). The relatively smaller pool of studies included in the meta-analysis led to
an additional methodological limitation, in that each moderator was evaluated in a separate
model. Evaluating all moderators in a single meta-regression model would have allowed for a
more complete understanding of the nuanced interactions between these variables and an
estimate of the complete variance explained by these moderators overall. However, the
limited sample size would not have provided sufficient statistical power to robustly assess
these relationships. Finally, the results revealed a great deal of statistical heterogeneity across
primary studies that could not be fully explained by the moderators included in this study.
This indicates that there are additional context variables influencing these relationships that
were not accounted for. Access to a larger pool of high-quality studies that report gender-
specific effects will allow future researchers to examine the moderator effects across studies
more precisely, as well as further research on additional variables that could play a role in the
effects of these interventions on male and female motivational outcomes in STEM.

In Study II, the use of a cross-sectional approach limited the ability to examine the
relationship between constructive support and gender over an extended period of time.
However, it is possible that the influence of this relationship on motivational outcomes may
only become apparent after prolonged time periods. Although Study II attempted to account
for this by focusing on context-specific motivational outcomes measured as states, it is
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possible that the interactions involving gender and constructive support might be less
perceptible within such a design. Moving forward, research on this topic should examine the
long-term relationship between gender, constructive support, and motivational outcomes in
STEM, using longitudinal data to explore these variables over a more substantial period of
time. A longitudinal approach would also allow for the examination of reciprocal effects,
which was also not possible with the current study design. There is some evidence that over
more extended periods of time, motivational outcomes might also influence students’
perceptions of their classroom environment (Lazarides & Ittel, 2013). Collecting longitudinal
data would allow researchers to examine these potential effects in relation to gender as well.
Another limitation of Study II is the generalizability of the data. The findings of Study II are
based on a German subsample of the TALIS Video Study 2018 dataset and are therefore
specific to the German educational system. Additionally, the majority of students in the
sample were from the school track in Germany with the most demanding academic
curriculum (Gymnasium). Future studies should explore the interaction between constructive
support and gender within more varied samples to determine whether the consistency of these
findings holds true for STEM motivational outcomes in more diverse populations. An
additional limitation is that Study II only examined the subject of mathematics. Mathematics
is one of the core subjects of STEM, and is also relevant for other STEM topics such as
physics and engineering (English, 2016). However, motivational outcomes are domain-
specific, and gender differences in these outcomes have been shown to vary across different
STEM subjects (Green et al., 2007; OECD, 2015). As such, the current results cannot be
generalized to other STEM subjects. Future research should also explore these relationships in
a broader range of STEM fields to compare the results with the current findings.

5.3 Implications for Research and Practice

Gender differences in STEM motivational outcomes are a pressing concern in
education, and there is a need for both research and practical directions to confront this issue.
This dissertation examined two primary areas related to gender differences in STEM: the
impact of school-based interventions and the role of teacher constructive support. The
investigations and findings from this dissertation provide valuable directions for future
research beyond the directions already mentioned in terms of overcoming limitations. The
current findings also offer insights for educational practice and policy. In the following
section, the practical and research implications of the current dissertation are discussed.

5.3.1 Research Implications

Beyond the directions for future research already mentioned in terms of overcoming
limitations, further suggestions for continuing research on the topic of gender differences in
STEM motivation can be gleaned from the current dissertation. First, the results from Study I
reveal the potential efficacy of psycho-social interventions for decreasing gender differences
in motivational outcomes in STEM subjects. Going forward, researchers should therefore
continue to develop, evaluate, and replicate psycho-social intervention studies in STEM
subjects. This will allow for a more thorough and established understanding of the positive
effects these psycho-social interventions have on female deficits in STEM motivational
outcomes. Additionally, psycho-social interventions encompass a wide variety of strategies,
all with the aim of targeting specific psychological processes (Walton, 2014). The strategies
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used by the psycho-social interventions in Study I were diverse, including role model
interventions, utility-value activities, and sense of belonging exercises. However, due to the
smaller sample size of the meta-analysis, it was not possible to examine the efficacy of each
specific strategy included in this category. In order to fully understand which psycho-social
intervention strategies are most effective, further research syntheses with a larger pool of
studies are necessary. Future research should use meta-analysis to delve deeper into the
specific types of psycho-social interventions, evaluating their individual impacts and
identifying optimal contexts for implementation. By pinpointing these specificities, research
can move closer to establishing best practices for reducing gender differences in STEM
motivation.

Although Study II did not reveal any moderating effects of constructive support on the
relationship between gender and motivational outcomes, it is important not to disregard the
dynamics of the classroom environment when investigating gender differences in STEM
motivational outcomes. Apart from the directions for continued research on gender and
constructive support, future research should also consider other dimensions of the classroom
environment that might interact with gender and motivational outcomes. For example, some
studies have shown that in classrooms with higher levels of cognitively activating activities,
such as high-quality discourse or challenging learning tasks, students tend to display higher
levels of motivational outcomes, such as interest, self-concept, and motivation (Lepper &
Henderlong, 2000; Lipowsky et al., 2009; Seidel et al., 2005). When it comes to gender
differences, it is crucial to not only focus on the individual but also to consider the social and
contextual environment in which that individual spends time (Taylor, 1996). Recognizing that
both context and environment play a role in influencing student motivation is crucial for
investigations into gender differences in STEM motivational outcomes, however, there is a
lack of research on this topic. This dissertation takes the first step into understanding the
relevance of classroom environment for gender differences in motivational outcomes, and
further research should continue investigations on this topic

5.3.2 Practical Implications

The current dissertation further solidifies the effectiveness of school-based
interventions in STEM education, with benefits for both male and female motivational
outcomes. These findings, in combination with prior research demonstrating the effectiveness
of these interventions for motivational outcomes (Lazowski & Hulleman, 2016; Wigfield &
Wentzel, 2007), present a compelling case for policymakers and politicians to allocate more
funding and resources to these initiatives. There is an increasing need to encourage students in
STEM studies, and motivational outcomes will play a crucial role in whether or not students
will pursue those studies (Eccles & Wang, 2016). Researchers in STEM education have called
for the use of more effective pedagogical practices that also address student motivation and
engagement (McDonald, 2016; S. Murphy et al., 2019). Educational practice should leverage
the substantial body of evidence on school-based interventions in STEM and apply this
research to implement effective strategies in curriculums, extracurricular programs, and other
school-related contexts. By doing so, educational policymakers and practitioners can not only
acknowledge the importance of motivation in STEM learning, but also proactively address a
crucial element that can impact the success and enthusiasm of students in these fields.
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Along the same lines, this dissertation also reinforces how crucial constructive support
in the classroom is for all students and demonstrates how it can positively predict
motivational outcomes in STEM subjects such as mathematics. The level of support that
teachers provide, both instructionally and on an emotional level, plays a pivotal role in the
educational experience and can significantly influence students’ motivation. Schools and
teachers should prioritize creating environments where these nurturing relationships can
thrive. For example, professional development programs could be established to emphasize
the significance of constructive support, equipping educators with both the understanding and
practical methods to provide ample levels of constructive support to their students.
Workshops and training sessions for both in-service and pre-service teachers can be organized
to demonstrate how feedback can be given constructively, how to recognize and address
individual student needs, and how to foster a classroom environment where every student
feels valued. By fostering constructive support in their classrooms, schools, and teachers can
help students develop a more profound intrinsic motivation for learning. This ultimately leads
to more engaged, confident, and persistent learners who are better equipped to face academic
challenges.

On the subject of gender differences, this dissertation offers multiple findings that
enable teachers, school leaders, and policymakers to develop and implement tailored
strategies that could address gender differences in STEM motivational outcomes. Study I
revealed that certain intervention methods, especially those using psycho-social approaches,
seem to have an especially positive effect on female students. This presents an opportunity for
educational institutions to explore how to integrate these psycho-social intervention strategies
into classrooms and curricula. The current dissertation also revealed the specific motivational
outcomes where girls might especially need support in regard to STEM subjects.
Understanding the specific domains where female students exhibit deficits, notably in
competency beliefs but not necessarily in interest, is of utmost importance for educational
settings. By recognizing the deficits in girls’ self-concept and self-efficacy in STEM subjects,
such as mathematics, educators can adapt their instructional methods to include strategies that
bolster competency beliefs. By understanding and implementing findings from research
studies such as the current one, schools and educators can strategically address and possibly
diminish the motivational deficits that girls might experience in STEM. Furthermore, these
findings, in combination with the wide body of research on STEM and gender, can inform
policy decisions on a larger scale. Educational stakeholders can push for teacher training
programs that sensitize pre-service teachers to these issues and train them in evidence-based
strategies, ensuring that educators enter the classroom equipped with the tools to specifically
address girls’ disadvantages in STEM. Schools can also collaborate with organizations that
advocate for women in STEM, creating programs that, for example, provide female students
with role models or demonstrate the value of STEM in the real world.
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6 Conclusion

In the constantly evolving discourse surrounding gender differences within STEM
subjects, researchers and policymakers have consistently emphasized the urgency of
bolstering motivational outcomes for female students. With a multifaceted approach
encompassing both a comprehensive meta-analysis of school-based interventions (Study I)
and an investigation of teacher constructive support (Study II), the current research sought to
identify factors that could enhance motivational outcomes among female students,
contributing to the overarching goal of reducing the gender gap in motivational outcomes in
STEM. Notably, the results identified specific intervention methods that could enhance
female motivational outcomes in STEM and highlighted areas where female students might
require additional support. This dissertation provides valuable implications for researchers,
educators, and policymakers working to bridge the gender gap in STEM fields. Through
continued research and implementation of evidence-based practices, educational institutions
can strive toward a more diverse, equitable, and inclusive STEM landscape, empowering
female students and creating a brighter future for STEM education and society.
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Abstract

Background: Research shows that gender differences tend
to exist in student motivational-affective factors in core sub-
jects such as math, science or reading, where one gender is
stereotypically disadvantaged.

Aims: This study aimed to investigate strategies that could
reduce these gender differences by conducting a meta-analysis
on school-based intervention studies that targeted student
motivational-affective factors. We therefore evaluated whether
interventions had differential effects for male and female stu-
dents' motivational-affective factors in a given academic sub-
ject. We also evaluated potential moderator vatiables.
Method: After conducting a systematic database search and
screening abstracts for inclusion, we synthesized 71 effect
sizes from 20 primary studies. All included studies were
conducted in science or mathematics-related subjects, which
are stereotypically female-disadvantaged.

Results: While the interventions had significant positive ef-
fects for both genders, there was no statistically significant
difference between the two genders with regard to the inter-
vention effects on motivational-affective factors. However,
the descriptive effect size for female students (g = .49) was
far greater than for male students (g = .28). Moderator anal-
yses showed no significant effects for grade level, interven-
tion duration, or school subject, but there was a significant

influence of intervention method used.
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Conclusions: This study demonstrated that school-based
interventions have positive effects on motivational-affective
factors for both genders. It also provides evidence that in-
terventions in subjects where female students ate sterco-
typically disadvantaged may have greater effects for females
than for males. Implications and suggestions for future re-

search are discussed.

KEYWORDS

affect, gender differences, interventions, meta analysis, motivation,
students

BACKGROUND

Male and female students often display differences in motivational-affective factors within educational
contexts, with either one gender or the other being disadvantaged relative to the domain in question
(Wigfield etal., 2002). Many constructs fall under the umbrella of motivational-affective factors. Murphy
and Alexander (2000), for example, provide a categorization for motivational constructs. They differen-
tiate between goals, interest, motivation (intrinsic and extrinsic), and self-schema (agency, attribution,
self-competence, and self-efficacy). In turn, Pintrich (2003) points to expectancy, value, and affective
variables as components of motivation. While in Pintrich's (2003) conceptualization, affective variables
are regarded as a subcategory of motivation, variables with an emotional aspect such as enjoyment, anxi-
ety, or boredom also have their own distinction in the literature (Pekrun et al., 2011). All of these factors
have been shown to be strongly related to career choices, achievement, and performance outcomes in
students (Kim & Pekrun, 2014; Méller et al., 2020; Pintrich, 2003; Wigfield & Eccles, 2000). Research
has found that many of these factors strongly predict school performance and academic choices, often
above and beyond IQ (Goetz & Hall, 2013; Kéller et al., 2001; Parker et al., 2014; Steinmayr & Spinath,
2009). For example, in a review by Rosen et al. (2010), which examined 45 studies on motivation,
27 studies on self-efficacy, and 42 studies on academic self-concept, findings indicated that all of these
measures were strongly connected to academic achievement in students from kindergarten to 12th
grade. Large-scale studies on affective factors have also demonstrated that pleasant emotions such as
enjoyment and pride are positively related to academic achievement, whereas unpleasant emotions such
as anxiety are most often negatively related (Pekrun et al., 2002, 2017). Given their strong connection
to important academic outcomes, gender differences in motivational-affective factors are concerning,

Gender differences in educational contexts

There is a plethora of evidence demonstrating that gender differences between many student
motivational-affective factors exist in various subjects. Results from large-scale international studies
such as the Program for International Student Assessment (PISA) provide an overview of student out-
comes across many countries. In science, results from PISA 2015 revealed that, on average, across all 72
countries assessed, boys were more likely than girls to report higher intrinsic motivation for science, and
greater interest and enjoyment in most science-related topics (OECD, 2016). These findings can be seen
in smaller studies as well, with boys displaying more positive science attitudes and a higher likelihood
of pursuing a science-related career (Jones et al., 2000; Miller et al., 2006; Weinburgh, 1995). A similar
trend exists in mathematics, where boys tend to report higher self-efficacy and more positive attitudes,
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whereas girls display higher levels of math anxiety and are more likely to perceive math as a low-value
subject (Else-Quest et al., 2010; OECD, 2013; Pajares, 2005). On the contrary, in the domain of reading,
writing, and language arts, this trend is reversed, with males displaying lower reading and writing self-
concepts, more negative attitudes towards reading, and low value beliefs for reading as a subject (Durik
et al., 2006; Logan & Johnston, 2009; Marinak & Gambrell, 2010; OECD, 2019; Schleicher, 2019).
Given these findings, it comes as no surprise that there continues to be large gaps between males and
females in career goals and choices. In the areas of science, technology, engineering, and mathematics
(STEM), females are extremely underrepresented in higher education and the labour market (Burke &
Mattis, 2007; Dasgupta & Stout, 2014), a pattern that is already evident from career expectations and in-
terest during the school years (Master et al., 2017; Sadler et al., 2012; Shapiro & Williams, 2012). On the
other hand, careers in areas such as primary education and healthcare professions display much higher
numbers of females than males (Hsu et al., 2010; OECD, 2014, 2019).

The role of gender stereotypes for the development of gender differences

Many research studies have investigated why these gaps between male and female students emerge in
different subjects. Gender differences in educational contexts seem to arise as an individual grows and
interacts with their environment, and gender stereotypes acquired from the social environment, such as
from parents (Casad et al., 2015; Tiedemann, 2000), teachers (Muntoni & Retelsdorf, 2018), and peers
(Muntoni et al., 2020) seem to play a large role in the emergence of these differences. There are many
different assumed mechanisms of how these gender stereotypes are learned and acquired, such as model
learning, reinforcement of gender-typical behaviour, different treatment of boys and girls, or direct
expression of gender stereotypical expectations (Gunderson et al., 2012; Heyder et al., 2019). These
acquired stereotypes can then have an effect on how individuals process and categorize information, as
well as on their choices, behaviours, and beliefs (Martin & Halverson, 1981). As certain school subjects
such as math, science, reading, and language arts are often stereotyped towards one gender or another
(e.g. math is typically a “boy” subject, reading is typically a “gir]” subject), these beliefs are also incor-
porated into traditional gender stereotypes (Leaper, 2015; Plante et al., 2013; Schmenk, 2004). Eccles'
expectancy-value theory provides a promising explanation for the mechanisms by which these stereo-
types can affect individual choices and behaviours, stating that whether or not an individual undertakes
a task depends on their expectations for success and how valuable they perceive the task to be (Eccles
& Wigfield, 2002; Wigfield & Eccles, 2000). Gender stereotypes can shape not only how valuable a task
is to an individual, but also their self-concept, attitude, and perceived competence in that task, which in
turn affects their expectancy for success (Eccles, 1994). According to this framework, if a girl perceives
math as a male-associated subject, she will not only place low value in it but will also perceive herself as
less competent in math, therefore expecting less success, and putting less effort into math or not choos-
ing to study math later in life. Through these mechanisms, gender stereotypes then lead to differences
in what young girls and boys are interested in and enjoy, their beliefs about their own capabilities, and
the choices they make throughout their academic careers (Eccles et al., 1993; Wigfield & Eccles, 1994).

School-based interventions to reduce gender differences?

Ensuring equal opportunities in education means striving for students to learn and develop according
to their full potential. Investigating strategies to reduce gender differences in motivational-affective fac-
tors is a step forward in the effort to help all students thrive and succeed. With regard to motivational-
affective factors of students in general, regardless of gender, an increasing number of researchers have
called for studies to develop methods that could positively reinforce or strengthen these factors and
thereby positively influence student achievement outcomes (Gutman & Schoon, 2014; Heckman et al.,
2006; Lleras, 2008). There is evidence that motivational-affective factors remain malleable throughout
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an individual's lifespan, and can therefore be built upon and changed through experience and individual
development (Heckman & Kautz, 2013). One promising way of achieving this is through school-based
interventions. For the purpose of this study, we define “school-based interventions” as any method used
in a school-context, which is different from regular instruction, including not only in-class interven-
tions but also novel teaching methods, summer school programmes, or school-organized workshops.
Many studies have empirically tested a variety of these interventions to evaluate the effects on student
motivational-affective factors. Previous research syntheses have aggregated the effects of some of these
interventions. For example, Durlak et al. (2011) performed a meta-analysis on 213 school-based interven-
tions targeting student factors such as attitudes and emotional skills, and found that overall, students who
participated in the interventions significantly improved on measures of these outcomes compared to con-
trols. Additionally, in a review by Gutman and Schoon (2014), results showed that factors such as motiva-
tion and self-perceptions of children and adolescents were positively affected in all intervention settings.
However, these research syntheses did not evaluate the differential effects of the interventions regarding
gender and school subject. It is still unclear whether certain intervention methods have stronger effects
on males or females, or whether any of these methods are effective in reducing the differences between
male and female student motivational-affective factors in a given academic domain. Additionally, these
studies focused on a broader range of student factors (such as social skills, conduct problem, social be-
haviour, self-control, and creativity), not specifically motivational-affective factors, and did not consider
possible moderator variables such as student grade level or intervention duration in their analyses.

The methods used by these intervention studies, as well as the targeted motivational-affective factors
and student groups, vary widely. For the purposes of this study, intervention studies can be separated into
two types: those that target motivational-affective factors in students overall (i.e. no specific gender is
targeted, no gender-specific hypotheses) and those that target motivational-affective factors in one gen-
der specifically, generally the gender that is typically disadvantaged in a given subject (i.e. gender-specific
hypotheses). Within these two categories, many different interventional methods are used. Some of these
methods can be classified as “psycho-social interventions”, while others are more related to classroom
processes. Psycho-social interventions ate designed to directly target students' subjective psychological
processes in an attempt to positively alter them (Walton, 2014). These interventions use strategies such as
value affirmations, reframing techniques, and mindset changes. One example of psycho-social interven-
tions without gender-specific hypotheses are utility-value interventions, where students are asked to relate
the information they learn in class to their everyday lives in an effort to increase interest for the subject
(Hulleman et al., 2010). Psycho-social interventions have also been used for gender-specific interventions
by targeting the disadvantaged gender in certain subjects to directly challenge gender stereotypes that stu-
dents hold. One such strategy is exposing students to role models or mentors who occupy non-traditional
gender roles (e.g. a female engineer or a male nurse). Exposure to an individual in a non-traditional gender
role can challenge gender stereotypes, lessening the effects of these stereotypes on student self-beliefs
(Morgenroth et al., 2015). Another strategy is to target gender-specific student value beliefs. According
to Eccles (1994), students will be more likely to engage and put forth effort in a subject if they perceive it
to be valuable. While students may find little value in subjects that stereotypically do not align with their
gender identity, strategies to make the subject material personally relevant to these students can change
how important they view it to be, thereby increasing the likelihood that they engage, take interest, and
continue studying that subject (Hulleman et al., 2010).

Outside of psycho-social interventions, other interventional methods focus more on the instruc-
tional processes in the classroom, using diverse teaching methods to promote higher levels of mo-
tivational factors or more positive affect for students in general. Active learning strategies such as
cooperative learning or problem-based learning have been shown to increase student engagement,
motivation, and self-efficacy in various settings (Bruder & Prescott, 2013; Laal & Ghodsi, 2012).
These strategies attempt to engage students socially and cognitively, encouraging them to be active
rather than passive learners, thereby increasing their interest, motivation, and enjoyment (Hmelo-
Silver, 2004; Slavin, 2011). Additionally, instructional methods that integrate digital media, such as
interactive online lessons or digital games, are being evaluated more frequently as possible strategies
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for positively affecting student motivational-affective factors (Erhel & Jamet, 2013; Lieberman
et al.,, 2009; Wang & Reeves, 2007). Using digital media in instruction can also affect student
motivational-affective factors by providing a novel environment for learning and possibilities for
adapting to individual learner needs and interests (Annetta, 2008; Christensen, 2002; Uzunboylu
& Karagozlu, 2015). While these methods mostly target student motivational-affective factors in
general, pre-existing differences between male and female students in certain subjects could lead to
differential effects of these interventions as well.

In sum, an increasing number of studies have evaluated the effects of school-based interventions on
student motivational-affective factors. However, it remains unclear whether these interventions have
different effects for female and male students in a given subject, and which are most effective regard-
ing gender-specific deficits. Additionally, these studies vary widely in the interventional methods and
motivational-affective factors they address, as well as the age and grade level of the student population.
The duration and implementation of these interventions also differ between studies. It is unclear which
variables can influence the intervention effects concerning gender differences. Therefore, one goal of
the present meta-analysis is additionally to evaluate potential moderator variables of the intervention
effects.

Potential moderator variables
Theoretical moderators

School subject

Motivational-affective factors are often closely linked to academic domains (e.g. mathematics, science,
etc.) and can therefore vary across these domains (Marsh et al., 2001; Wigfield et al., 2004). Student
characteristics such as self-concept, motivation, interest, self-efficacy, enjoyment, and anxiety have all
been shown to be tightly connected to the subject they are measured in (Bong & Clark, 1999; Goetz
et al.,, 2000; Green et al., 2007; Wigfield et al., 2004). Therefore, a student might have high self-concept
in mathematics, but low self-concept in reading. The fact that these factors are domain specific is also
an important characteristic with regard to gender differences between students. Due to the gender
stereotypes associated with certain academic subjects, gender differences also vary with regard to the
domain in question (for example, boys are usually disadvantaged in reading, while girls are usually
disadvantaged in science), and must therefore be discussed in a domain-specific context. Therefore, we
included the school subject as a moderator.

Gender-targeted vs. non-targeted

The studies included in this meta-analysis evaluate interventions that target student motivational-
affective factors 7n general and therefore have no gender-specific hypotheses. We also include interven-
tions that target the motivational-affective factors of a specific gender and therefore hypothesize that the
intervention will have differential effects for males and females. A “non-targeted” intervention aims to
positively affect the motivational-affective factors of all students, while a gender-targeted intervention
aims to positively affect the motivational-affective factors of a specific gender, usually the stereotypi-
cally disadvantaged gender in a given subject (e.g. gitls in science or boys in reading). Therefore, we
included this as a moderator variable.

Grade level

Intervention effects may also vary as a function of student grade level. While motivational-affective fac-
tors retain a malleable quality throughout an individual's life, there is evidence that they are more flex-
ible at eatlier ages (Gutman & Schoon, 2014). Children's self-perceptions have been shown to decline
with age from first grade to 12th grade (Eccles et al., 1993; Jacobs et al., 2002). Additionally, there is
evidence that children endorse traditional stereotypes more as they grow older (Rowley et al., 2007) and
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gender stereotypical self-beliefs in school have been shown to take effect around grade three (Herbert
& Stipek, 2005). Therefore, we also explored grade level as a moderator variable.

Intervention duration

Some previous reviews on intervention studies have found that the duration of the intervention may
affect how successful the intervention is. Hattie et al. (1990), found a small effect for intervention dura-
tion, with shorter interventions (1 or 2 days) having a greater initial impact, but with longer interven-
tions (4—30 days) being more effective overall. Additionally, in their review of the effects of reading and
mathematics programmes on student performance, Slavin and Lake (2009) found that interventions
with briefer durations reported somewhat larger effect sizes than those with longer durations. Other
meta-analyses on intervention studies have also found that the intervention duration could be a mod-
erator of intervention effects (de Boer et al., 2014; Dignath & Biittner, 2008). Given these findings, we
included intervention duration as an additional moderator variable.

Robustness moderators

Study quality

In addition to these theoretical moderators, we included study quality as a methodological moderator to
control for the effect of study quality on effect sizes. We used the What Works Clearinghouse Standards
for Intervention Studies (What Works Clearinghouse, 2020) as a guide when selecting criteria for study
quality. To be accepted for inclusion, studies had to compare an experimental group and a control group,
and use either random or quasi-experimental assignment. Studies also had to provide pre- and post-test
data of participants. Additionally, we coded certain aspects of the instruments used by the studies to
measure the outcome variable, namely whether the instrument was established or self-developed by the
researchers, and whether the reliability was high, low, or not reported, according to standard rules of
thumb for instrument reliability (Tavakol & Dennick, 2011). In addition to these study quality mod-
erators, we also used pre-test data to assess the baseline equivalency for the control and intervention
groups.

Tpe of motivational-affective factor

We also included the type of motivational-affective factor measured as a moderator in order to be
able to investigate differences and commonalities between types of motivational-affective factors. For
motivational-affective factors, we considered attitudes, beliefs, expectations, motivation, career aspira-
tions, interest, self-concept, self-efficacy, self-confidence, enjoyment, boredom, engagement, anxiety,
and satisfaction as possible outcomes.

The present meta-analysis

The main goal of the present research is to conduct a meta-analysis on studies that tested the effects
of interventions on student motivational-affective factors and reported gender-specific results. This al-
lowed us to evaluate the following research questions:

1. Do school-based interventions that promote motivational-affective factors in students have dif-
ferential effects for the stereotypically disadvantaged gender (e.g. males in reading/language arts
and females in STEM) and stereotypically non-disadvantaged gender in a given school subject?

2. Are the effects of school-based interventions moderated by:

a. whether the intervention is gender-targeted or non-targeted?
b. the grade level of the students?
c. the intervention duration?
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Given the existing evidence on gender differences in student motivational-affective factors, we
expect that school-based interventions that target these factors in students will have differential
effects for males and females, in particular, more positive effects on the gender typically affected
by effects of negative stereotypes in a given school subject (Research Question 1). We also expected
that the intervention target (gender targeted vs, non-targeted), grade level and intervention dura-
tion would moderate the differential effects of the intervention on students' motivational-affective
outcomes (Research Question 2). We also included type of motivational-affective outcome and in-
tervention method as moderators in order to be able to identify specific effects of the various
interventions.

In order to assess the above questions, we are interested in both the absolute intervention effects
for male and female students (i.e. the intervention effects for girls or boys respectively) as well as the
intervention effects on the difference between girls and boys (i.e. if pre-existing gender differences are
significantly reduced by the intervention).

METHOD
Literature search and study selection

We first conducted a literature search in the databases of PsycINFO and Educational Resources
Information Center (ERIC). A flowchart of the study selection process can be seen in Figure 1.
The keywords used pertained to (1) the population of interest (students, school, etc.), (2) the topic
of gender differences, (3) school-based interventions, and (4) motivational-affective student fac-
tors of interest. Keywords varied slightly between the two databases based on the subject heading
classification system of each database. The full syntax is included in Appendix A. We restricted the
search to studies written in English. In order to include grey literature, we did not restrict the search
by publication type, therefore including grey literature such as dissertations, conference proceed-
ings, and other literature formats. We did not restrict the search results by year published in order to
search all studies on this topic as thoroughly as possible. This first search was conducted on 13 May
2019. The databases searches resulted in 5,650 references (after removing duplicates), with 4,480
results from ERIC and 1,170 results from PsycINFO. The searches from ERIC and PsycINFO were
updated on 26 August 2020, resulting in an additional 184 new results from ERIC and 38 new results
from PsycINFO. An additional search in the Web of Science database was also conducted on this
date, which returned 2,607 results. Additionally, the reference lists of all included studies, as well as
existing meta-analyses or reviews on similar topics, was manually screened for possibly relevant ar-
ticles, which resulted in an additional 28 studies. In order to locate unpublished studies, the authors
of all included studies were contacted via email to inquire about any additional unpublished works
that might be relevant. This resulted in one additional study. We also sent a call for papers and/
or data to the mailing lists and newsletters of the European Association for Research on Learning
and Instruction (EARLI), the American Educational Research Association (AERA), the European
Educational Research Association (EERA), and the Gender and STEM research network. This call
for papers detailed the topic of interest of the meta-analysis, as well as the study inclusion criteria,
and invited researchers to send any relevant published or unpublished work. However, we received
no responses from this call.
The titles and abstracts of all studies were screened using the following inclusion criteria:

1. Study Design. Studies were only included if they compared an experimental group to control
groups, with either random or non-random (i.e. clustered) assignment to groups. Studies also
were required to include pre-test data.

2. School Level. Only studies conducted with students at the primary or secondary school level were
included. Studies in higher education or pre-school levels were excluded.
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FIGURE 1 Flow chart of the study selection process. Study selection was done following the guidelines of The PRISMA
Group (Moher et al., 2009)

3. School Subject. Only studies conducted in the core subjects of mathematics, science, reading/(na-
tive)language arts or STEM were included. Studies conducted in alternative subjects, such as physical
education, arts, or foreign language, were not considered.

4. Sample Composition. Only studies that had a sample that represented the average student popula-
tion of the class were included. Studies with samples consisting exclusively of a specific ethnic or
religious group were excluded, if the sample was purposefully selected out of the general school popu-
lation, for example, if only the African American males in the school were included in the study, or
only Latin-American girls were selected to be in the sample (this was not the case if the study takes
place in a country where the sample is naturally made up of a specific ethnic group, for example,
Saudi Arabia or Mexico). Along the same lines, studies with samples consisting exclusively of gifted or
special education students were also excluded. These subgroups are often described as having specific
characteristics (based on their background and prior experiences) that are in the focus of correspond-
ing interventions. Accordingly, the results of these intervention studies cannot be transferred to a
general student sample.

5. Intervention Study. Only studies that evaluated a school-based intervention were included.
Interventions conducted solely in the home environment (e.g. with parents or siblings) or outside of a
school context (e.g. in church, in sports clubs, etc.) were not included.
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6. Motivational-Affective Factors as Outcome. Studies were included only if they evaluated the ef-
fects of the intervention on one or more motivational-affective student factors.

Using the information from the titles and abstracts of each reference, articles were categorized as
“Included” or “Excluded”, with a reason given for each exclusion with regard to the criteria. A por-
tion (275) of the articles were double-screened by two separate, trained research assistants. The double
coding showed that the inclusion and exclusion process was reliable, with 91% agreement between the
coders' overlapping articles. Disagreements were discussed to arrive at a final decision.

Coding of data

In order to code all relevant study variables, full texts were acquired for the studies that were in-
cluded. The studies were coded using a coding scheme developed by the researchers. The coding
scheme was created according to the general publication features (author, date, etc.), as well as
methodological variables such as the intervention duration, implementation (instructor of interven-
tion, setting of intervention, etc.), measurement instruments, content-related variables such as the
theoretical background, sample characteristics, and school subject, and quantitative data necessary
for effect size calculations such as the means, standard deviations, and sample sizes. In order to
assess the gender-specific intervention effects, we coded the pre-test and post-test scores for the
experimental and control groups for the entire sample, for the female participants only, and for the
male participants only. An overview of all variables coded and their purpose can be seen in Table 1.
In order to ensure coding reliability, a portion of the included studies were fully double coded by
two trained researchers to assess inter-rater agreement. As an indicator for inter-rater reliability,
Cohen's Kappa (Cohen, 1968) was calculated for each variable. Values for Cohen's Kappa ranged
from k = .51 (intervention method), which is considered a substantial agreement, to kK = 1.00 (grade
level), which represents perfect agreement (Landis & Koch, 1977). The agreement for variables
without any margin for interpretation, such as means, standard deviations, and sample sizes for ef-
fect size calculation, was almost perfect. Any disagreements were discussed between the two coders.
During the fine coding process, it was necessary to exclude some studies which originally seemed
eligible, as upon further inspection, they were either not a fit for the meta-analysis or did not report
the necessary information (the most common case being that the authors had not evaluated gender
differences). In the case of missing information, authors of the respective articles were contacted,
when possible, to request missing data. In total, we fully coded 22 eligible studies.

Moderator variables

We originally planned to include all moderator variable in one meta-regression model. However, due to
the smaller number of studies we included than anticipated, we instead decided to conduct a separate

TABLE 1 Overview of coded variables

Descriptive Effect size and
Study identification variables Study quality analyses Moderator variables
Author(s) Intervention Study design Sample sizes Grade level
Title method Source of Single sex or both Intervention duration
Year of publication Country instrument sexes Motivational-affective
Document type Instrument Means (pre/post) factor
reliability Standard Target of intervention

deviations

(pre/post)
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meta-regression for each moderator in order to assess the effects. For the categorical moderators, we
added dummy-coded predictors for each of the different levels.

School subject

We originally coded the school subject for each study as stated in the study (e.g. Biology was coded as
“Biology” and not “Science”). However, after completing the coding process, we categorized the dif-
ferent subjects as Science, Mathematics, Reading, and Informatics/Technology (therefore, “Biology”
would now be coded as “Science”). Upon completion of the fine coding, we were only left with one
study conducted in a “male-disadvantaged” subject (Kerneza & Kosir, 2016, conducted in reading liter-
acy). All other studies were conducted in the subjects of science or math, with two exceptions conducted
in technology/computer science. We therefore excluded the study by Kerneza and Kosir (2016), as one
study in a male-disadvantaged subject would not allow us to accurately assess the differential effects. We
therefore ended up with only studies that were conducted in the typically female-disadvantaged STEM
subjects of science, math, and technology.

Gender targeted vs. non-targeted

An intervention was coded as gender targeted when the authors stated that they expected the interven-
tion to have different effects for male and female students, either in their research questions or hypoth-
esis. An intervention was coded as not gender-targeted when no gender-specific effects were considered
in the research question or hypotheses.

Grade level

We originally coded grade level according to the specific grade reported in the study (e.g. Grade 3,
Grade 10). If this was not reported, we coded the school level reported in the study (e.g. primary school,
high school). Once the coding was complete, we categorized each grade level into Primary (Grades 1-5),
Lower Secondary (Grades 6—8) or Upper Secondary (Grades 9-12).

Intervention duration

We used the number of weeks to represent the intervention duration. The shortest duration was 1 week.
We centred this variable by subtracting 1 from each value, in order to have a meaningful intercept in the
meta-regression model (so the intercept would represent a one-week intervention).

Intervention method

In order to assess which intervention methods were most affective, we classified the interventions
into two categories according to our previous description of intervention types. The first category
was psycho-social interventions. These interventions directly targeted students’ motivational-affective
processes by attempting to change or restructure their subjective beliefs and perceptions. This category
included interventional methods such as utility-value interventions, role models, and challenging ste-
reotypes. The second category was instructional interventions. These interventions included strategies
that focused on the instructional and pedagogical processes in the classroom, with the aim of using
diverse teaching methods to change students' motivational-affective factors. This category included in-
terventional methods such a problem-based learning, cooperative learning, or novel curriculum designs.
We categorized interventions according to the theoretical frameworks and designs used in the primary
studies.

Study quality

We originally planned to use study design (experimental vs. quasi-experimental), statistical reliability
of the instrument used to measure outcomes (high vs. low vs. not reported), and the source of the
instrument (whether it was an already existing instrument or developed by the researchers of the cor-
responding study themselves) as variables to evaluate study quality. However, upon completion of the
coding, it became evident that all included studies were quasi-experimental, and we therefore could no
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longer use this variable as a moderator. We coded statistical reliability of the instrument as high, low, or
not reported, and the instrument source was coded as an already existing instrument or one that the re-
searchers created themselves. After completing the coding process, only one study was included which
did not report the instrument reliability, while all other studies reported high reliability. We also found,
upon completing the coding process, that all but one study included used an already existing instru-
ment. We therefore did not include these variables as moderators. We calculated baseline equivalency
for the included samples as the standardized mean difference between the control and experimental
groups at pre-test, as per the What Works Clearinghouse standards (What Works Clearinghouse, 2020).

Tpe of motivational-affective factor

While we originally planned to assess the effects of the interventions on each separate motivational-
affective factor individually, the final data did not allow enough power for this type of analysis. We
therefore classified the motivational-affective factors into four different categories, loosely based on the
framework of Murphy and Alexander (2000). The four categories were (1) motivational factors (motiva-
tion, interest, value, and engagement), (2) self-schemas (self-efficacy, self-concept, self-confidence, and
stereotypes), (3) attitudes, and (4) affective factors (enjoyment, anxiety, and satisfaction). We reversed
coded the data for outcomes where a decrease in the mean score represents a positive outcome (e.g. anxi-
ety or stereotypes), so that all effect sizes represented the same directional relationship (i.e. a positive
effect size indicates desirable change in motivational-affect factor).

Calculation of effects and general analytic strategies

All analyses were conducted in R Version 4.0.5. (R Core Team, 2019), using the metafor package
(Viechtbauer, 2010) as well as the robumeta package (Fisher & Tipton, 2015). All included studies were
quasi-experimental designs with pre—post data from treatment and control groups. Therefore, we calcu-
lated the effect sizes for males and females as the difference (g) between the standardized mean change
score for the treatment and control groups, including a small-sample bias adjustment. We calculated this
using the means, standard deviations, and sample sizes of the treatment and control groups for both
males and females in each study. According to Morris (2008), the effect size for pre—post-control design
studies is defined as the mean difference between post-test and pre-test scores, divided by the common
standard deviation. Following the recommendations made by Morris (2008), we used the pooled pre-
test standard deviation to calculate standardized mean change score for pre—post-control studies, as this
provides an unbiased estimate of the population effect size. This effect size was calculated as follows:

<Mpmt,T - Mpre,T) - <Mpoﬁ,C - Mpre,C)

’ SD pre

where the pooled pre-test standard deviation is defined as

(np = 1)SD? .+ (o — 1)SD?

T C
SDPW _ pre pre
ny+ne—2
and the bias correction is defined as
3

¢ =1—
? d(np +ne—2)—1

We used random-effects statistical models for this meta-analysis, as this allows the findings to be
generalized beyond the included studies (Hedges & Vevea, 1998). We coded at least two effect sizes
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per study (male vs. female), and if the study measured multiple motivational-affective factors, these
were also coded as separate effect sizes. Separate effect sizes that come from the same study are not
independent of each other, and therefore violate the independency assumption of classical random-
effects meta-analyses (Hedges et al., 2010). We remedied this by using robust variance estimation
(RVE) to estimate our model. RVE allows for the inclusion of statistically dependent effect sizes
by adjusting the standard errors to account for dependency (Tanner-Smith et al., 2016). We used
correlated effect model weights to model the unknown covariance structure (Fisher & Tipton, 2015).

Heterogeneity across the included studies was assessed by calculating the 95% prediction interval,
which describes the expected range of true effects by predicting where the true effects are to be ex-
pected for 95% of similar future studies (Borenstein et al., 2017). Therefore, this interval can be used to
evaluate the variability of intervention effects over different settings (IntHout et al., 2016). To evaluate
the first research question, whether the interventions demonstrated a differential effect for male and
female students on motivational-affective outcomes in a given school subject, we estimated a simple
random effects meta-regression model using RVE, with gender included as a predictor. Due to the lack
of studies conducted in a male-disadvantaged subject, we could not evaluate the differential effects of a
male-disadvantaged versus female-disadvantaged subject. However, we still included the main subjects
of science and mathematics as moderators.

Fourteen of the included studies used a cluster-randomized design, where treatment and control
conditions were assigned at the classroom level (i.e. using one pre-existing classroom as the treatment
group and another as a control group), but outcomes were reported on the student level. This clustering
effect can lead to additional variance, meaning that it was necessary to adjust the variances estimates
for studies using this design (Hedges, 2007). As none of the studies reported the intraclass correlation
(ICC) necessary for the variance adjustment, we used a conservative estimate of ICC = .20, as recom-
mended by Hedges and Hedberg (2007).

With regard to the second research question, we used separate meta-regression models to investigate
the effects of each individual moderator. We originally planned to examine publication bias via selec-
tion models. Selection models aim to directly model the selective publication process by considering
the probability that certain studies are included in a meta-analysis based on specific characteristics and
using weight functions to adjust the overall effect size estimate (Vevea & Hedges, 1995). However, ac-
cording to McShane et al. (2016), realistic selection models cannot be properly estimated without a large
amount of data, and without sufficient data, selection models cannot be relied on to provide accurate
estimates. Due to the relatively small final sample size of our meta-analysis, we therefore did not eval-
uate a selection model. We evaluated publication bias visually by inspecting the funnel plot, as well as
statistically using Egger's regression test (Egger et al., 1997) and Kendall's rank correlation test (Begg
& Mazumdar, 1994).

In a meta-analysis, outliers and other exceptional cases can affect the interpretability and ro-
bustness of results (Viechtbauer & Cheung, 2010). Therefore, we conducted a variety of diagnostic
tests on the overall model to examine this. We calculated the: (1) externally standardized residuals,
(2) DFFITS values, (3) Cook's distances, (4) covariance ratios, (5) leave-one-out estimates of the
amount of heterogeneity, (6) leave-one-out values of the test statistics for heterogeneity, (7) hat
values, and (8) weights.

We used the metafor package to calculate effect sizes, and the robumeta package to estimate our
overall model as well as meta-regression models for our moderators, using robust variance estima-
tion to correct for dependent effect sizes. Additional analyses for publication bias, heterogeneity,
and outlier detection were all conducted in wefafor, using a model estimated without correction for
dependent effect sizes, as these additional analyses are not possible in robumeta. A registered proto-
col of this study, along with a template of the coding scheme and the R scripts can be found on the
Open Science Framework website via the following link: https://osf.io/zb8sc/?view_only=73927
57de06e45ffbd3c04c87d569b9c.


https://osf.io/zb8sc/?view_only=7392757de06e45ffbd3c04c87d569b9c
https://osf.io/zb8sc/?view_only=7392757de06e45ffbd3c04c87d569b9c
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RESULTS
Descriptive characteristics

The inclusion criteria were met by 21 independent studies, with 79 relevant effect sizes obtained
from a total of 3,458 participants overall. All studies were published or conducted between 2000
and 2019, with the exception of 1 article published in 1981. The sample sizes ranged from 11 to 732
participants. There was a large variation in the intervention techniques. Some focused directly on
student motivational-affective factors and attempted to alter these by fostering skills such as goal
setting, connecting subject matter to relevant aspects of student lives, or challenging stereotypes
through examples and role models. Other interventions incorporated different instructional tech-
niques such as problem-based learning, cooperative learning, or digital games in efforts to increase
student motivation, attitudes, and engagement. A descriptive overview of the relevant characteris-
tics from each study can be seen in Table 2.

Outlier analysis

The outlier analysis identified the effect sizes from the Akcay et al. (2010) study as outliers. The effect
sizes ranged from g = 2.30 to g = 5.14, which were much larger than any of the other effect sizes from the
other studies. As the presence of outliers can affect the validity and robustness of meta-analytic results,
we removed this study from all further analyses.

Overall effect and differences in gender and subject (Research question 1)

After removal of outliers, the final number of studies included in the analyses was 20, with a total
of 71 effect sizes. The first research question focused on whether interventions that targeted student
motivational-affective factors had differential effects for the stereotypically disadvantaged and non-
disadvantaged gender in a certain subject. We first ran a model with just gender as a predictor to ex-
amine the overall role of gender on the intervention effects (we ran model with female as the reference
category and one model with males as the reference category). The results of this model can be seen
in Tables 3 and 4. We found a significant positive effect of the interventions on both male and female
student motivational-affective factors; however, there was no statistically significant difference between
males and females. The overall descriptive effect for female students, at g = .49, was almost double that
for male students, which was g = .28. The measures of heterogeneity indicated substantial heterogeneity
between effects sizes, with I* = 80.33 (‘rz = .14), indicating that a large percentage of variance is due to
heterogeneity between studies. The 95% prediction interval was .71 to 3.24 for females, and .59 to 2.68
for males, also indicating high heterogeneity. A forest plot for the female and male effect sizes from the
various studies can be seen in Figures 2 and 3 respectively.

Due to the lack of studies conducted in male-disadvantaged subjects, we were not able to evaluate
if there were differential intervention effects for the stereotypically disadvantaged gender in a given
school subject. However, we still included school subject as a moderator variable (with the two cat-
egories of either science or mathematics) and gender, as well as the interaction between subject and
gender, to evaluate whether there were any significant differences of the intervention effects for the
interplay between these two variables. Results of these analyses are displayed in Table 5. A random-
effects meta-regression model using robust variance estimation did not reveal any significant difference
of the interventions effects moderated by the school subject or its interaction with gender. Descriptively,
the estimated effect sizes were highest for females in science g = .46, whereas for males in science, the
effect size was g = .30. For females in math, the estimated overall effect size was g = .40, and for males
in math, ¢ = .26. We also conducted post-hoc subgroup analyses to evaluate the absolute effects on the
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TABLE 3 Model with gender as predictor

95% CI

Predictor Estimate SE Lower Upper df p-value
Intercept 487 103 .266 708 14.4 .0003***
Gender (Male) —.208 150 —.529 .108 17.6 1841

Note: Female is the reference category (intercept). *¥p < .01.

TABLE 4 Model with gender as predictor

95% CI

Predictor Estimate SE Lower Upper df p-value
Intercept 279 126 .005 .554 12.0 .0468**
Gender (Female) .208 150 —.108 .524 17.6 1841

Note: Male is the reference category (intercept). *¥p < .05.

intervention for with females in science, females in math, males in science, and males in math, in order
to see the effectiveness of the interventions for each group separately. These results can be seen in
Tables A1-A4 in Appendix B.

Differences in effect sizes depending on moderator variables (Research
question 2)

In order to investigate our second research question, we conducted various moderator analyses to evalu-
ate whether any potential moderating variables were responsible for the variance among studies. Results
for all moderator analyses can be seen in Table 6. For the categorical moderators (i.e. grade level, inter-
vention target, etc.), we chose the categorical level that displayed the descriptively strongest association
with the outcome variable as the reference category.

There were no significant differences between the grade levels with regard to the intervention ef-
fects. The results descriptively showed the biggest effect size estimate for primary school levels (g = .48),
followed closely by lower secondary school levels (¢ = .43), and then upper secondary school levels
(g =.32). We also evaluated the effect of the intervention method (psycho-social vs. instructional) and
its interaction with gender on the intervention effects. Results displayed largest effect size estimates for
females when psycho-social interventions were used, ¢ = .53, whereas the effect size for males when
psycho-social interventions were used was significantly lower (¢ = .19). Effects from interventions using
instructional interventions, with g = .42 for females, and g = .41 for males, did not differ from the refer-
ence group (effects of psycho-social interventions for females).

For the moderator of “intervention target”, we also examined the effects of this variable in combi-
nation with gender. In reference to the intercepts, which represented gender-targeted interventions and
females, the only significant difference found was for non-gender-targeted interventions and females.
The effect sizes for gender-targeted interventions for females was ¢ = .63 (p = .002) while the effect size
for females who received a non-gender-targeted intervention was at g = .20 (p = .015). The effect size
for males who received a gender-targeted intervention was g = .32, while the effect size for males who
received a non-gender-targeted intervention was ¢ = .24. Neither of these conditions was significantly
different from the reference category (gender targeted and female).

The duration of the intervention in weeks had no significant moderating effect (g = .01). Upon
completion of this moderator analysis, we ran an additional post-hoc moderator analysis with dura-
tion as a categorical variable. We used the categories of less than or more than 4 weeks, based on a
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TABLE 5 Meta-regression with interaction of subject and gender

Moderator Level j k df Estimate SE p-value Reference
Subject
Female & Science 7 12 5.07 46 19 064 REF
Female & Math 9 23 11.51 —.06 .25 817
Male & Science 7 12 7.66 —.16 .29 .598
Male & Math" 8 22 15.30 .02 32 954

Note: j represents the number of studies, and £ represents the number of effect sizes. REF indicates which level of the variable was used as the
reference category (intercept).

“Indicates that this combination was an interaction term in the meta-regression.

meta-analysis by Hattie et al. (1996), which found that interventions under 30 days had a positive cor-
relation with effect sizes. However, this additional analysis also resulted in non-significant results. There
were also no significant differences with regard to type of motivational affective outcome measured.
Descriptively, the biggest effect sizes could be seen for interventions where attitude was the outcome
measured (g = .52), followed by self-schema outcomes (g = .47), motivational outcomes (g = .34), and
affective outcomes (g = .24).

Publication bias & robustness checks

Eggert's regression test was not significant (p = .960), indicating that there was no evidence for risk of
publication bias. The rank correlation test for funnel plot asymmetry was also insignificant (p = .198),
also indicating no evidence for publication bias. The funnel plot can be seen in Figure 4.

With regard to study quality, we found that for 18 of the 71 effect sizes, the baseline equivalency
standard recommended by the What Works Clearinghouse (an effect size of more than .25) was not met.
A large percentage of these problematic baseline equivalencies were within studies, for only one gender
but not the other. Therefore, due to our goal to compare the effects of the interventions by gender, we
did not exclude these effect sizes from our analyses. However, we conducted a sensitivity analysis to
evaluate the effect of baseline equivalency, which can be seen in Table A5 in Appendix C.

DISCUSSION

In the present paper, we aimed to investigate whether interventions that targeted motivational-affective
factors in students had differential effects for the stereotypically disadvantaged and stereotypically non-
disadvantaged gender in a given school subject. While other meta-analyses and reviews have evaluated
the effects of school-based interventions on these factors in students (Durlak et al., 2011; Gutman &
Schoon, 2014), the present study takes a closer look at gender-specific effects of these interventions. We
also examined additional variables that might moderate the effects of these interventions.

Gender-specific intervention effects

On a general level, the results of this meta-analysis demonstrate that interventions have the potential
to promote motivational-affective factors for both male and female students. This is in line with prior
research, which shows that school-based interventions can effectively promote or foster these factors in
students. Large-scale meta-analyses have demonstrated the positive effect of interventions on student's
attitudes, emotional skills, and motivation (Durlak et al., 2011; Lazowski & Hulleman, 2016; Taylor
etal.,, 2017). The findings that these interventions have, on average, a positive effect for both male and
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TABLE 6 Overview and results of moderator analyses

Reference
Moderator level j k % df Estimate SE p-value category
Grade level
Primary 5 13 18% 3.96 A8 14 .029%* REF
Lower secondary 8 42 59% 7.92 —.05 .20 .812
Upper secondary 7 16 23% 8.17 —.16 22 499
Intervention method
Psycho-social & female 10 26 37% 7.83 53 A2 .002%** REF
Instructional & female 8 11 15%  12.02 -1 23 .644
Psycho-social & male 8 23 33% 7.70 —.34 A1 .010%*
Instructional & male® 8 11 15%  16.31 .33 .30 281
Intervention target
Gender targeted & female 10 18 25% 7.87 .63 13 .002#4* REF
Non gender targeted & 8 19 27%  12.37 —.43 15 015%*
female
Gender targeted & male 7 15 21% 8.90 —-.31 24 220
Non gender targeted & 8 19 27%  13.80 .35 .26 .208
male®
Intervention duration
Intercept (1 week) 19 67 5.74 .27 15 119
Duration 2.96 .01 .01 .296
Outcome type
Attitudes 5 6 8% 3.99 .52 .23 .092 REF
Affective 7 16 23% 7.97 —.28 .27 322
Motivational 9 30 42% 9.59 —.18 .27 .506
Self-schema 9 19 27% 9.68 -.07 .26 .805

Note: j represents the number of studies, £ represents the number of effect sizes, % represents what percent of the effect sizes were at each
of the various moderator categories, and REF indicates which level of the variable was used as the reference category (intercept). ***p < .01,
*Hp < .05.

“Indicates that this combination was an interaction term in the meta-regression.

0
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female students is encouraging, as it demonstrates the efficacy of school-based interventions across
genders. Descriptively, we found that the overall average effect size for females was larger than that for
males; however, this difference in effect sizes was not statistically significant. While these results pro-
vide preliminary evidence that there may be a difference in how effective these interventions are based
on student gender, more research is needed to determine if these differences in effects are significant,
and if they hold true in a larger sample. One possible explanation for this may be that interventions
function more effectively when levels of these motivational-affective factors are lower to start out with,
which would explain the possibly larger average effect for females in subjects that are typically “female
disadvantaged” where females have been shown to have lower levels of motivational-affective factors.
Male students tend to have higher levels of these factors on average in subjects such as science or math,
and therefore, while these interventions are still significantly and positively affecting them, they may
not be as “in need” of support as females in these subjects.

The relevance of intervention characteristics

Descriptively, the results show that the intervention effects were slightly greater on average for students
in primary school (Grades 1-5) and lower secondary school (Grades 6—8) than for students in upper
secondary school (Grades 9-12). Although these differences were not statistically significant, the find-
ings are in line with other studies, which have also found intervention effects to be stronger for students
in childhood and early adolescence. For example, Lazowski and Hulleman (2016) found almost identi-
cal effects in a meta-analysis on motivation interventions in education, with the largest effect sizes for
students in grades 6—8 (4 = .57), followed closely by students in grades 1-5 (4 = .52) and lastly, by grades
9-12 (d = .42). The literature suggests that these lower secondary and primary-school-aged groups tend
to reap the most benefits from these interventions when it comes to motivational-affective factors and
this stage of development might be the prime opportunity to target these factors in students (Juvonen,
2007; Wentzel & Wigfield, 2007).

This study was novel in that it included various types of interventions in order to gain a wide view
of the current state of research, whereas most prior meta-analyses on school-based interventions have
focused on one specific intervention strategy, such as digital media (Hillmayr et al., 2020) or problem-
based learning (Batdi, 2014). We differentiated between psycho-social intervention approaches and in-
structional approaches. We found that both approaches had a descriptively larger effect sizes for females
than for males; however, these gender differences were significant only for psycho-social approaches.
The gender difference in effect sizes was particularly prominent for psycho-social interventions.
Contrary to instructional interventions, psycho-social interventions are specifically designed to directly
target motivational-affective factors in students (Walton & Wilson, 2018) and therefore could explain
why the effect size was larger for females in stereotypically male subjects (with lower starting values).
Although we did not test the overall differences between psycho-social and instructional interventions
(independent from gender), strategies which aim directly for student motivation, attitude, emotions, or
self-beliefs may be more effective at promoting these factors than other types of interventions.

Along the same line, our results showed larger descriptive effects for interventions that target fe-
males in mathematics or science than interventions that were not gender targeted. However, as our
sample only included studies that were conducted in subjects where females were disadvantaged, the
interventions likewise were targeted towards females only. Our results showed that in these female-
targeted interventions, males had lower effect sizes than females, although not significantly different.
All of this evidence points to the need for more interventions that directly target these factors in stu-
dents, as well as interventions that consider which gender might be disadvantaged in a certain subject.

The finding that intervention duration did not significantly moderate intervention effects fits with
prior research, as there seem to be mixed results on if and how the length of an intervention moderates
its effects. While some studies have found small effects for intervention duration (Hattie et al., 1996;
Slavin & Lake, 2009), other meta-analyses on interventions have also not found any significant effects
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of intervention duration (van Eerde & Klingsieck, 2018). However, given the relatively small sample size
of our meta-analysis, and that we treated intervention duration as a continuous variable, it is possible
that we did not have enough power to detect any effects that might be present. More research is needed
to determine if the length of an intervention is overall a moderating variable of the intervention effects,
and if there is an effect of length, whether or not it differs depending on student gender.

There were no significant differences between the type of motivational-affective outcome measured.
Descriptively, the biggest effect size could be seen for when attitudes were the measured outcome. This
may be due to the broader definition of attitudes, as compared to the other categories of outcomes mea-
sured. Measures of attitude usually encompass many various aspects such as value, self-efficacy, beliefs,
and relevance (Thurstone, 1970), and therefore capture a wider range of student factors.

Limitations & future research

While this study provides a crucial first look at gender-specific effects of school-based interventions,
there are certain limitations that must be considered when interpreting the results. Out of 171 poten-
tially eligible articles, we excluded 35 due to missing data or information. This was due to two main
issues. First, while many studies were eligible for inclusion in this meta-analysis based on the character-
istics of the interventions themselves, many of them could not be included because they did not evaluate
gender-specific effects, and therefore, the data necessary for calculating effect sizes for the different
genders were not available. This highlights the need for future research to evaluate and report not only
the overall effects of interventions but also the gender-specific effects, especially in subjects where there
is typically a gender gap in these factors. Second, we excluded a number of studies because they did not
include a control group or did not include any pre-test measures, and therefore did not fulfil our strict
criteria for study design. This illustrates the greater need for high-quality intervention research in edu-
cation, with stricter adherence to standards for effective intervention studies, as robust meta-analytic
results rely on well-powered and well-designed primary studies.

These issues with missing information from primary studies resulted in a relatively smaller sample
size, leading to a number of methodological limitations and changes to our original study design. Firstly,
while we originally planned to include all moderators into one model, our final sample size did not
allow us to robustly test this model. We therefore evaluated each moderator individually, which did not
allow us to control for any possible confounding interactions between moderators. It is possible that
relationships between moderators could have had confounding effects on the results of our analyses.
More high-quality intervention studies on gender differences in interventions would allow future meta-
analytic studies to control for these possible interactions, and gain a closer look at how these moderators
might relate to each other.

Due to the limited sample, we also were not able to examine interventions conducted in subjects
where male students are typically disadvantaged. This highlights the need for more intervention re-
search in subjects where male students are stereotypically disadvantaged. A surge of studies have fo-
cused on increasing female students interest, performance, and participation in STEM subjects in recent
years (Kanny et al., 2014). While this is undoubtedly an important topic, it is equally as important to
continue research in subject where male students are disadvantaged as well. Reading, writing, and lan-
guage arts is a subject where boys have consistently displayed lower levels of interest, self-efficacy, and
motivation (OECD, 2019; Retelsdorf et al., 2015). Increasing intervention research in these subjects is
also a crucial step in closing the gender gap between all students.

Another limitation that must be considered is the quality of the included studies. We had certain
quality requirements for studies to be included, namely that they use a pre-/post-test design and include
a control group. We also assessed study quality through multiple additional criteria, which were study
design (experimental vs. quasi-experimental), instrument reliability (high vs. low), instrument source
(established vs. self-developed), and equivalence at baseline. While almost all studies used highly reli-
able, established instruments to measure their outcomes, 18 of the 71 included effect sizes did not meet
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the recommended standards of the What Works Clearinghouse for baseline equivalence. Due to our
relatively small sample size and the dependency of our data (males vs. females), we chose not to exclude
these effect sizes in order to include as many primary studies as possible in an area with an already lim-
ited number of intervention studies. However, this is a point that must be taken into account when in-
terpreting our results. Additionally, we chose to include studies that used non-random assignment when
selecting treatment and control groups. In educational research, it is often difficult to use completely
random assignment when conducting studies in schools or classrooms, as separating already existing
groups of students is usually impractical and, at times, unethical (Gopalan et al., 2020). Due to this,
many studies conducted in schools will often use pre-existing classes as a treatment and control group,
making this method of group assignment quite common throughout the literature. In order to avoid
excluding any potentially relevant interventions, we chose to include these studies. However, using pre-
existing classes for group assignment could be a confounding factor in these studies. Even though we
statistically adjusted for these clustered assignments, future research should aim to examine studies that
only use random assignment in order to eliminate any potentially confounding effects.

Lastly, we had a great degree of statistical heterogeneity among primary studies. Although the moder-
ator analyses revealed several interesting descriptive trends regarding various characteristics of school-
based interventions, none of them significantly influenced the intervention effects, and we were not
able to completely explain the amount of heterogeneity. There are numerous contextual characteristics
that were not taken into account in this study that may have played a role in the varying effect sizes. For
example, a number of other factors have been shown to be connected to both gender stereotypes, as well
as motivational-affective factors, such as high-achieving vs. low-achieving students, socio-economic
status and cultural background (Dietrich et al., 2013; Guo et al., 2015; Rowley et al., 2007; Rozek et al.,
2015). These features were not examined in the current study due to the lack of sufficient information
from primary studies and low statistical power, but they are important variables for future researchers to
consider including when examining the gender-specific effects of school-based interventions.

Implications and conclusion

This meta-analysis provides a comprehensive overview of the interventions on student motivational-
affective factors and their effectiveness, and sheds light on the need to investigate what strategies are
most effective in promoting and strengthening these factors in student in order to gain a deeper em-
pirical understanding. This provides an important step forward in continuing to investigate ways in
which schools and teachers can combat gaps that arise between male and female students in motivation,
interest, self-efficacy, enjoyment, and engagement. School-based interventions are clearly a promising
method for promoting the motivational-affective factors of school-aged children and adolescents. We
defined school-based interventions as any method used in a school context, which is different from reg-
ular instruction. This includes not only in-class interventions but also novel teaching methods, summer
school programmes, or school-organized workshops. A variety of possibilities are there for implement-
ing these types of interventions into a school curriculum. The results of this study show that these in-
terventions seem to have positive effects, and that researchers should continue to pursue investigations
into these interventions in order to gain a better understanding of what interventional strategies are
most effective for promoting student motivational-affective factors overall. Future studies should build
on this current work, using strong theoretical frameworks with regard to the development of student
motivation and affect to design and test school-based interventions.

This study also provides a comprehensive overview of high-quality intervention studies to date that
have evaluated the gender-specific effects of school-based interventions. Our findings provide possible
evidence that gender may play a role in the effectiveness of a given intervention. This is something that is
evident in a number of primary studies. For example, the study by Falco et al. (2008) designed an interven-
tion to improve student self-efficacy beliefs through fostering various skills such as time management and
goal-setting, based on social-cognitive and expectancy-value theories. This primary study found that while
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all students in the experimental group developed more positive attitudes compared to the control, the
gains for female students were significantly higher. Researchers should continue to investigate how these
interventions affect male and female students differently, and conduct more studies on promising strat-
egies to build a strong evidence base for practitioners and policy-makers, who can then make evidence-
based recommendations for best classroom practices to combat gender differences between students.
This meta-analysis also identified contextual variables of these interventions such as intervention
method, student grade level, and school subject that might play a role in how effective these interven-
tions are for students. Future research should investigate this more deeply to determine how salient
these effects may be. Continued research on this topic will help to create educational settings that are
more inclusive and assist all students equally in achieving their full potential, regardless of gender.
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APPENDIX A

Search syntax for ERIC

(SU (students) AND SU (education* OR school OR classroom OR parents OR teachers) AND SU (fe-
male OR male OR gender differences OR sex stereotypes OR sex fairness OR gender bias OR gender
issues OR sex role) AND AB ("intervention*" OR "mentor*" OR "role model*" OR "training*" OR
"program*" OR "instruction*" OR "strategy*" OR "support*" OR "outreach*" OR "teaching*" OR
"experiment*" OR "control group*") AND SU (interest OR self concept OR self esteem OR self ef-
ficacy OR motivation OR attribution theory OR stereotype OR career choice OR attitude OR beliefs
OR values OR learner engagement OR participation OR satisfaction)) NOT SU (higher education OR
universities OR college*)

Search syntax for PsycINFO

(SU (students) AND SU (education* OR school OR classroom OR parents OR teachers) AND SU
("human females" OR "human males" OR sex differences OR gender gap OR gender equality OR sex
role) AND AB ("intervention*" OR "mentor*" OR "role model*" OR "training" OR "program" OR
"instruction" OR "strategy*" OR "support” OR "outreach" OR "teaching" OR "experiment*" OR "con-
trol group*") AND SU (belonging OR interest OR self concept OR self-confidence OR self-esteem OR
self-efficacy OR motivation OR attribution OR occupational choice OR attitude OR occupational pref-
erence OR values OR student engagement OR cognitive appraisal OR participation OR expectations))
NOT SU (higher education OR college*)

Search syntax for Web of Science

(((TS=(student*) AND TS=("education*" OR "school*" OR "classroom*" OR "teacher*" OR "pat-
ent*") AND TS=("gender gap*" OR "gender difference*" OR "gender stereotype*" OR "gender equal-
ity*" OR "gender bias*" OR "gender specific*" OR "sex difference*" OR "sex stereotype*" OR "sex
role*") AND TS=("intervention*" OR "mentor*" OR "role model*" OR "training*" OR "program*"
OR "instruction*" OR "strategy*" OR "support*" OR "outreach*" OR "teaching*" OR "experiment*"
OR "control group*") AND TS=("interest*" OR "belonging*" OR "self concept*" OR "self efficacy*"
OR "self confidence*" OR "self esteem*" OR "motivation*" OR "attribution*" OR "stereotype*" OR
"career choice*" OR "attitude*" OR "belief*" OR "value*" OR "engagement*" OR "participation*" OR
"expectation*")))))

APPENDIX B

Subgroup analyses

TABLE A1 Meta-analytic subgroup model for females in science

95% CI
Predictor Estimate SE Lower Upper df p-value
Intercept .389 135 .052 725 5.64 .0303%**

Note: Model estimated using robust variance estimation to correct for dependent effect sizes. **p < .05.

TABLE A2 Meta-analytic subgroup model for males in science

95% CI
Predictor Estimate SE Lower Upper df p-value
Intercept 247 187 —.211 705 5.91 234

Note: Model estimated using robust variance estimation to correct for dependent effect sizes.
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TABLE A3 Meta-analytic subgroup model for females in math

Intercept 379 163 .001 756 7.85 .049%

Note: Model estimated using robust variance estimation to correct for dependent effect sizes. ¥p < .10.

TABLE A4 Meta-analytic subgroup model for males in math

Intercept 227 .092 —.004 457 5.51 .053*

Note: Model estimated using robust variance estimation to correct for dependent effect sizes. *p < .10.

APPENDIX C

TABLE A5 Sensitivity analysis for baseline equivalency

Intercept —.127 .069 —.278 .0.024 11.3 .0909*
Unequal baseline 526 .080 337 716 6.9 .0003%***

Note: Model estimated using robust variance estimation to correct for dependent effect sizes. * p < .10, ¥*¥p < .01.
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ABSTRACT

In secondary school mathematics, females often display lower levels of
motivational outcomes than males, which can lead to gender gaps in future
study or career choice. To reduce these gaps, it is crucial to evaluate which
aspects of classroom teaching quality might be involved. Teacher constructive
support is one especially promising aspect, as it strongly relates to student
motivational outcomes. The present pre-registered study investigates how
student gender is related to self-concept, self-efficacy, and interest in secondary
school mathematics lessons on the quadratic equation, and examines the
moderating role of teacher constructive support for this relationship. Using
questionnaire data from the Teaching and Learning International Survey Video
Study Germany (n = 1,116 secondary school students), we applied latent
moderated structural equation models to examine the direct effects as well as
the interaction of student gender and constructive support on student
motivational outcomes in mathematics lessons. Female gender was negatively
associated with self-concept and self-efficacy, but not with interest. Various
facets of constructive support were positively associated with motivational
outcomes, but no interaction effects with gender were found. These findings are
discussed in regards to constructive support and the persisting gender gap in
mathematics. Directions for future research are suggested.
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The Role of Teacher Constructive Support for Gender
Differences in Motivational Outcomes in Secondary School
Mathematics

INTRODUCTION

Male and female students tend to differ in mathematics in regards to their
motivational outcomes, with female students often displaying lower levels of these
outcomes, especially in secondary school (Else-Quest et al., 2010). Research shows
that these outcomes can in turn affect students’ achievement, as well as future
academic and career choices (Pintrich, 2003; Wigfield & Eccles, 2000). In order to
understand and reduce these gender gaps, it is important to investigate what
aspects of students’ daily experiences in school might alleviate the effects of gender
on their motivational outcomes. Students spend a large portion of their lives in the
classroom, and various aspects of the classroom environment have strong effects
on a plethora of student outcomes, including motivational outcomes such as self-
concept, self-efficacy, and interest (Scherer & Nilsen, 2016). Teacher constructive
support, which is defined as positive teacher-student relationships regarding both
instructional and emotional matters, is one such aspect of the classroom
environment that is linked to these motivational factors (Fauth et al., 2014; Ryan &
Patrick, 2001). Students who perceive teachers as more supportive and caring tend
to have higher self-concept, self-efficacy, and interest in subjects such as
mathematics (Yu & Singh, 2018). However, what is still unclear is whether there
are differential effects of perceived constructive support on these student outcomes
in regards to student gender. The goal of this study is to investigate whether
perceived teacher constructive support plays a moderating role between gender and
student motivational outcomes in the specific learning context of quadratic
equations in secondary school mathematic classrooms. By doing so, this study aims
to contribute to research which identifies classroom factors that could help to
reduce gender differences in motivational outcomes in mathematics, which to date
remains relatively underinvestigated.

Theoretical background

Gender differences in mathematics self-concept, self-efficacy, and interest

Gender differences in mathematics are traditionally discussed in terms of
achievement outcomes such as grades or exam scores. However, research has
shown that, on average, male and female students barely differ in these outcomes,
if at all (Else-Quest et al., 2010; Hyde et al., 2008; OECD, 2013; Wang et al.,
2013). Where research does find substantial gender differences is in regards to
student motivational outcomes (Kollmayer et al., 2018; Widfield et al., 2002).
When discussing motivational outcomes in educational contexts, many different
constructs are often classified under this term. Generally, motivational outcomes
can be defined as student self-beliefs, values, and goals that relate to their choices,
persistence, and achievement in academic settings (Wigdfield et al., 2012). Gender
differences in these motivational outcomes are concerning, as they have been
shown to be strongly connected to further academic choices such as postsecondary
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study track and career choices. These differences can often be seen in mathematics
classrooms (Koller et al., 2001; Mdller et al., 2020; Parker et al., 2014).

Eccles’ expectancy-value motivation model proposes a widely supported
explanation for how these motivational outcomes might affect student choices and
behaviors. This theory posits that achievement motivation is determined by a
combination of expectancy components and values for tasks in particular domains
(Eccles & Wigdfield, 2020; Wigdfield, 1994). Expectancies for success, also commonly
referred to as competency beliefs, are closely related to constructs such as self-
concept and self-efficacy. These constructs pertain to how well students expect to
perform in certain domains, and their perceptions of their own competence.
Meanwhile, task value constructs generally refer to how useful, important, or
interesting students perceive certain domains to be (Wigfield & Eccles, 2000).
Following this expectancy-value model, we chose to focus our study on the
motivational outcomes of self-concept, self-efficacy, and interest in order to
encompass both expectancy-related (self-concept and self-efficacy) as well as
value-related (interest) constructs.

Self-efficacy and self-concept both involve self-beliefs and therefore are strongly
related. Self-efficacy refers to an individual’s belief in their own abilities to perform
certain tasks and produce desired outcomes, and the degree of confidence in one’s
capabilities to utilize their skills, knowledge, and resources to accomplish goals
(Schunk & Pajares, 2002). Self-concept, on the other hand, is a much broader
belief or perception one holds about themselves, including self-perceptions about
their own abilities, characteristics, values, and affect (Bong & Clark, 1999). Both
self-efficacy and self-concept are often used as indicators for the expectancy
component, but slightly differ from expectancies for success, which are defined as
beliefs regarding the consequences that a specific behavior will produce with
respect to a task outcome (Eccles & Widfield, 2020). Interest can be defined as the
long-term orientation of a person toward an object, activity, or field of knowledge,
which involves both positive emotions and positive value attributions (Schiefele,
1991). Interest is strongly related to the intrinsic value that an individual holds for
a specific task or activity (Eccles, 2005).

All of these motivational outcomes are domain-specific, meaning that they are
linked to the academic subject in question and can vary across different subjects
(Brunner, 2008; Hornstra et al., 2016). For example, a student may have high self-
efficacy in reading, but low self-efficacy in mathematics. Studies have attempted to
understand how gender differences arise between students in these motivational
outcomes. Differences seem to stem from multiple social, environmental, and
systemic factors that influence an individuals’ behaviors, interests, and self-beliefs,
especially when it comes to gender-stereotyped activities (Wang & Degol, 2013). As
children develop and interact with their social environment, gender stereotypes are
acquired from significant people in their lives, such as parents, teachers, and peers
(Smith & Farkas, 2022; Tiedemann, 2000), as well as from society and culture
(Kollmayer et al., 2018). These learned gender stereotypes can have an impact on
children’s identity, choices, behaviors, and beliefs (Martin & Halverson, 1981).
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Numerous theoretical paradigms have been proposed to explain the underlying
mechanisms behind these observed effects. One prominent explanation pertains to
the concept of stereotype threat. Stereotype threat theory posits that when
students are aware of negative stereotypes concerning their social or demographic
group (e.g., gender) in certain domains, they may feel concerned about fulfilling
that stereotype, leading to decreased motivation, more negative self-beliefs, and
increased anxiety in that domain (Fogliati & Bussey, 2013; Thoman et al., 2013).
Certain themes and subjects may be more affected by gender stereotypes than
others, and gender differences in motivational outcomes can usually be seen more
often in subjects that are stereotypically favored towards one gender or the other.

Mathematics is one such subject that is consistently seen as a stereotypically
“male” subject (Makarova et al., 2019). In mathematics, female students tend to
display lower levels of motivational outcomes when compared to male students
(Pajares, 2005). These differences have been shown to increase and become more
pronounced as students get older (Bharadwaj et al., 2016; Contini et al., 2017),
which can be attributed to an increasing endorsement of traditional gender
stereotypes (Rowley et al., 2007) as well as an overall decrease in students’
motivational outcomes after the transition to secondary school (Frenzel et al.,
2010; Plenty & Heubeck, 2013). Results from the Program for International Student
Assessment (PISA) 2012 showed that, on average, across 15-year old students in
72 countries, female students reported lower levels of math self-efficacy and self-
concept, and more negative math attitudes as compared to male students (OECD,
2013). More recent results from PISA 2018 also demonstrated that, on average,
only one percent of female students reported that they aspired to pursue a
mathematics- or science-related career, compared to eight percent of male
students (Schleicher, 2019). This is especially interesting in light of PISA 2018
mathematics performance results, which showed that male and female students
barely differed in regards to math achievement and ability. Although there is
currently no research explicitly exploring gender differences in specific sub-
disciplines of math such as algebra or calculus, gender differences in self-concept,
self-efficacy, and interest have been found in numerous studies spanning a range of
mathematical content (Barth & Masters, 2020; Frenzel et al., 2010; Goldman &
Penner, 2016; Preckel et al., 2008; Wang, 2012). It can therefore be inferred that
these gender differences are likely to be present in various mathematical sub-
disciplines.

In light of the clear evidence that female students consistently display lower levels
of motivational outcomes than male students in mathematics, and the established
importance of these outcomes for future academic and career choices, it is crucial
to identify factors that can positively promote motivational outcomes for female
students in math. While various aspects of one’s environment such as family, peers,
and culture do have a large impact on academic outcomes, the school environment
and students’ experience in the classroom play arguably one of the largest roles in
shaping motivation and educational beliefs (Tiedemann, 2000; Wigfield & Harold,
1992). As teachers and their lessons are the main focus of most time spent in the
classroom, teaching quality has a considerable impact on both achievement-related
and motivational outcomes of students (Buri¢ & Kim, 2020; Yang & Kaiser, 2022).
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Therefore, an important step in reducing gender differences is identifying what
aspects of teaching quality could serve to positively promote motivational
outcomes, especially for female students who are typically at risk of having lower
levels of these outcomes in mathematics.

In considering the measurement of motivational outcomes, it is important to
differentiate between these outcomes as traits and states. While motivational
outcomes as traits reflect long-term tendencies in perceptions of abilities across
various academic situations, motivational outcomes can also be measured as
states, which capture perceptions specific to particular learning experiences or
domains (Wasserman & Wasserman, 2020). Indeed, various motivational outcomes
have been treated as both trait and state in the literature (Hausen et al., 2022;
Soland et al., 2019). Evidence has also shown that these motivational outcomes,
when measured as states, can be influenced by situation-specific factors and
contextual interactions, especially in the context of classroom instruction (Gaspard
& Lauermann, 2021). This study therefore focuses on assessing students’
motivational outcomes as states in relation to two focal lessons on quadratic
equations. By examining these motivational outcomes as states, we aimed to
explore how perceived constructive support might influence students’ immediate
motivational outcomes within the targeted domain of quadratic equations, providing
insights into the potential impact of support factors in a specific academic context.

Teacher constructive support and student self-concept, self-efficacy, and interest
Teacher constructive support is one such aspect of teaching quality that has been
proven to be extremely important for student motivational factors (Cornelius-White,
2007). Constructive support is a rather broad construct in the literature and has
also been referred to as supportive climate (Klieme et al., 2009) or positive climate
(Buri¢ & Kim, 2020). Constructive support can be defined as the quality of social
interactions between teachers and students in the classroom, and to what degree
they are characterized by interest, respect, support, and productive feedback
(Fauth et al., 2014; Praetorius et al., 2014). Teachers who provide constructive
support treat students with courtesy and warmth when correcting errors and giving
feedback, allow for differentiation and adapt to individual needs, and strive to foster
positive student relationships (Praetorius et al., 2018). Given its broad nature,
constructive support can be further separated into two facets, namely instructional
support and social-emotional support. Whereas instructional support refers to
teachers who care about student learning and want to help them learn, social-
emotional support refers to teachers who care about students on a personal level
and provide emotional support (Patrick et al., 2007). Some examples of
instructional support are aiding students with content or instruction-related
problems, or providing individualized support and consistent feedback. Examples of
social-emotional support include empathizing with student struggles and
establishing safe emotional dynamics in the classroom (Hamre & Pianta, 2005).
While empirically distinguishable, both facets are strongly correlated and can be
grouped under the overarching measure of constructive support (Decristan et al.,
2022; Wentzel, 1997).
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Given that both facets of constructive support are mostly interpersonal and
emotional by nature, it is not surprising that perceived constructive support has
been shown to be the aspect of teaching quality most strongly related to students
motivation and enjoyment of a subject, as well as most influential for their self-
beliefs (Allen et al., 2006; Cornelius-White, 2007). According to the self-
determination theory of motivation, individuals have three basic psychological
needs that relate to their motivation: relatedness, competence, and autonomy
(Reeve et al., 2004). When students perceive teachers as involved, encouraging,
and interested in both their learning and emotional well-being, this helps to fulfill
their need for relatedness, competence, and autonomy (Martin & Dowson, 2009).
Students’ sense of relatedness is fostered when they feel an atmosphere of
connection, acceptance, and belonging within the classroom environment (Ryan &
Powelson, 1991). When teachers provide feedback, guidance, and support for
students’ progress and well-being, it also enhances students’ beliefs in their own
abilities and can increase their feelings of competence (Niemiec & Ryan, 2009).
Finally, by showing interest in students’ learning progress, individual perspectives,
and ideas, teachers encourage students to exercise greater self-direction and be
active in their own learning processes, addressing their need for autonomy (Ruzek
et al., 2016). These mechanisms can then lead students to experience higher levels
of motivational outcomes and increased engagement (Reeve, 2012; Skinner &
Belmont, 1993). Indeed, multiple studies have shown positive effects of perceived
constructive support on a plethora of student academic outcomes. Students who
perceive their teachers as more supportive have been shown to display more
interest in the subject in question (Fauth et al., 2014; Lazarides & Ittel, 2013).
Perceived constructive support has also been shown to positively relate to student
self-efficacy (Fast et al., 2010; Sakiz et al., 2012) and self-concept (Demaray et al.,
2009; McFarland et al., 2016). How supported students feel by their teachers, both
instructionally and emotionally, has also been shown to affect their engagement,
self-esteem, and intrinsic motivation (Patrick et al., 2007; Ryan et al., 1994; Wang
& Eccles, 2012).

4

When measuring constructive support, or any other aspects of teaching quality,
researchers tend to rely on either external observers, teacher perceptions, or
student perceptions. While each method has both advantages and disadvantages,
when aiming to investigate the effects of constructive support on student outcomes,
student perceptions may be considered the more appropriate method, as whether
or not instruction is perceived as supportive is something students are best able to
judge for themselves (Goéllner et al., 2021). Therefore, in this study, we focus on
student perceptions of constructive support.

While it is quite established in the literature that constructive support is important
for student motivational-affective outcomes (Sabol & Pianta, 2012), it remains
unclear whether these effects are the same for both genders, or whether they differ
for male and female students. Researchers in this field have called for more
investigation into gender differences in the relationship between student outcomes
and constructive support (Rueger et al., 2008).
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Teacher constructive support as a moderator between gender and student
motivational outcomes

When discussing the effects of constructive support on student motivational
outcomes, it is important to consider that students have individual differences and
pre-existing characteristics. This perspective is in line with a central paradigm of
psychology research, known as the aptitude-treatment-interaction, which states
that aspects of a treatment will influence individuals differently depending on their
pre-existing cognitive and motivational-affective characteristics (Snow & Swanson,
1992). This paradigm has also been applied to educational research, with aspects of
teaching quality considered “treatments” and student characteristics considered
“aptitudes” (Kieft et al., 2008). As gender differences have been shown to exist in
student motivational outcomes from an early age, this implies that males and
females have different preconditions in terms of motivation, which could in turn
lead to differential effects of teaching quality.

These differing effects are especially important to investigate when considering
certain groups that are in jeopardy of low motivation in mathematics. Specifically in
regards to constructive support, there is some evidence to suggest that it may be
more important for some students than for others (Curby et al., 2009; Decristan et
al., 2016). For example, Malecki and Demaray (2006) found that perceived teacher
support had a stronger relation to student academic outcomes for students from
lower socio-economic backgrounds than for those from higher socio-economic
backgrounds. Hamre and Piante (2005) explained this effect as the academic risk
perspective, which posits that relational assets in the environment may have a
greater influence on student outcomes for students who are already at risk of
having lower levels of those outcomes. Applied to the mathematics classroom,
research shows that female students are typically at risk of displaying lower levels
of motivational outcomes such as self-concept, self-efficacy, and interest. Due to
these lower levels of motivational outcomes, female students should be especially
supported in mathematics classrooms.

When viewed through the lens of mathematics classrooms, there are various
positive mechanisms of constructive support that may be particularly relevant for
female students. Female students tend to experience feelings of lower competence
and confidence in mathematics, and may thus benefit more from perceived
constructive support. Both instructional and social-emotional support from teachers
can help create an atmosphere where students feel more inclined to explore and
engage (Birch & Ladd, 1997; Furrer & Skinner, 2003). As studies have shown that
for girls, warm and caring climates are more important to their motivation and
engagement in mathematics than for boys (Fredricks et al., 2018; Rueger et al.,
2008), the positive effects of supportive classroom environments may be especially
pronounced for female students. Research has also shown that in mathematics,
female students tend to feel less of a sense of belonging, which is another
important aspect related to their competency beliefs and interest (Dasgupta &
Stout, 2014; Good et al., 2012). As supportive teachers who provide feedback and
make students feel respected can also lead to a deeper sense of belonging in the
classroom (Liu et al., 2018), this may also be a mechanism which is especially
important for female students in mathematics. Lastly, students who feel supported
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by their teachers report feeling more self-assured and less afraid of making
mistakes or asking for help (Hughes & Chen, 2011). By providing constructive
support, teachers create a safe space for students to experience failure, and
students are also less likely to attribute mistakes to their lack of ability (Ryan &
Patrick, 2001). Given that female students are more likely to attribute their failures
in math to their own ability and display lower competency beliefs in mathematics
(Dickhauser & Meyer, 2006; Herbert & Stipek, 2005), this is also a relationship that
could be exceptionally relevant for female students’ motivational outcomes.

Despite theoretical explanations for why constructive support may be particularly
relevant for female students, there remains a sparse humber of studies that have
empirically investigated this relationship. A small number of studies have provided
some preliminary evidence that support from teachers in general may have
differential effects on male and female students’ motivational outcomes. For
example, McFarland et al. (2016) found that perceived closeness in student-teacher
relationships significantly predicted general self-concept for girls, but not for boys,
in primary school. There is also evidence that these differential effects may be seen
in stereotypically “gendered” subjects. Vekiri (2010), for example, found a stronger
association for girls than for boys between perceived teacher support and
competence beliefs in middle school information technology classrooms, which is a
stereotypically "male” subject. Additionally, Hochweber and Vieluf (2018) found
that higher levels of teacher support were related to smaller gender differences in
reading enjoyment (a stereotypically female subject) for ninth grade students. In
one of the few studies that has examined these relationships in mathematics,
Fredericks and colleagues (2018) found that teacher social-emotional support was
more strongly related to girls’ behavioral engagement in mathematics, and teacher
instructional support was more strongly related to girls’ emotional engagement than
boys.

The present study

Research consistently points to gender differences in students’ motivation in
mathematics. Although several approaches have been implemented to positively
affect particularly female students’ mathematical motivation, there has been little
research related to regular classroom instruction. This study thus aims to examine
the role of student perceptions of constructive support for motivation in
mathematics in general, and the connection between students’ gender and
motivational outcomes in particular in order to understand whether constructive
support reduces gender differences.

The research goal of this study is to investigate the effects of gender and both
facets of perceived constructive support (i.e., instructional and social-emotional) on
student motivational outcomes, as well as whether the two facets of constructive
support moderate the relationship between gender and student motivational
outcomes. Therefore, we evaluated the following research questions (RQ) and
hypotheses (H):

RQ1: Do female students have significantly lower levels of self-concept, self-
efficacy, and interest than male students in secondary school mathematics lessons
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on quadratic equations?

H1: We hypothesize that male and female students significantly differ in their
self-concept, self-efficacy, and interest in mathematics lessons on quadratic
equations. We specifically hypothesize that female students will display lower
levels of self-concept, self-efficacy, and interest on average than male
students.

RQ2: Are student perceptions of constructive support related to secondary school
students’ self-concept, self-efficacy, and interest in secondary school mathematics
lessons on quadratic equations?

H2: We hypothesize that student perceptions of constructive support (i.e.,
instructional and social-emotional) are significantly and positively related to
student self-concept, self-efficacy, and interest in mathematics lessons on
guadratic equations.

RQ3: Do student perceptions of constructive support moderate the relationship
between gender and students’ self-concept, self-efficacy, and interest in secondary
school mathematics lessons on quadratic equations?

H3: We hypothesize that student perceptions of constructive support (i.e.,
instructional and social-emotional), moderate the relationship between gender
and student self-concept, self-efficacy, and interest in mathematics lessons on
guadratic equations in secondary school. Specifically, we hypothesize that
higher levels of perceived constructive support will have a stronger, positive
effect on the relationship between gender and student self-concept, self-
efficacy, and interest for female students than for male students.

Figure 1 shows the assumed relationship between gender and the two facets of
perceived constructive support with students’ motivational outcomes as examined
in RQ3. This study is pre-registered, and all hypothesis and planned analyses were
uploaded to the Open Science Framework (OSF) platform prior to conducting the
data analyses. The pre-registration can be viewed via the following link:
https://osf.io/g9bej/?view only=499c86b19d964d018ed8520bee753430
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Figure 1
Interplay between gender and perceived constructive support and its effects on
motivational outcomes
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METHODS

Sample and procedure

This study is a secondary analysis of data from the German sample of the Teaching
and Learning International Survey (TALIS) Video Study Germany, an international
field study in secondary school mathematics education (OECD, 2020a, 2020b). The
full data contains coded videos of lessons, as well as student and teacher
questionnaires and student achievement tests. The German sample is made up of
50 classes from grades 8 to 10 from 38 schools throughout Germany. However, for
this study, one class from the overall sample was excluded, as data for motivational
outcomes and perceived teacher support was missing for all students in this class.
The sample included in this study therefore consisted of 49 classes with a total of
1,116 students (48.5% female, n = 554). The mean age of the students was 15.0
years (SD = 0.80), with 6 classes from grade 8 (12.25%), 37 classes from grade 9
(75.5%), and 6 classes from grade 10 (12.25%). The portion of students with a
migration background (defined as mother, father, or student not born in Germany)
was 15.8% (n = 165). From the 49 teachers, 22 (44.9%) were female.

Students were taught by their usual mathematics teachers. In order to ensure that
student outcomes could be accurately compared across classes, all students
received the same two lessons on quadratic equations. Quadratic equations are an
integral concept in algebra, which is one of the main components of mathematics
education across numerous countries (National Council of Teachers of Mathematics
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(NCTM), 2000; OECD, 2019) and therefore an appropriate topic for comparison.

Data was collected over a timespan of about 8 weeks. Prior to starting with the
focus unit on quadratic equations, the pre-test questionnaire was administered to
both students and teachers. Two separate lessons were then randomly selected to
be recorded throughout the unit, one from the first half of the unit and one from
the second half. Once the unit was finished, students and teachers completed a
post-test questionnaire.

Measures

All measures used in this study, except for student gender, were taken from the
student post-test questionnaire. Student gender was obtained from the pre-test
questionnaire. For the post-test measures, students were instructed to answer all
items in relation to the focal lessons on quadratic equations (“"While answering the
following questions, please always think about your learning during the unit on the
topic of quadratic equations”). All scales were developed or adapted for the TALIS
study by an international project team (Mihaly et al., 2021).

Self-concept

Student self-concept in quadratic equations was assessed via six items on a four-
point Likert Scale (1 = Strongly disagree to 4 = Strongly agree). Iltems were
adapted from the self-concept scale used in PISA (Mihaly et al., 2021). Sample
items included “Learning about quadratic equations was easy for me” and “When I
was taught the topic of quadratic equations, I could understand the concepts very
well”. The scale showed good reliability (a = .88).

Self-efficacy

Student self-efficacy in quadratic equations was assessed using five items based on
the Self-Efficacy for Learning and Performance component of the Motivated
Strategies for Learning Questionnaire (Mihaly et al., 2021). Items were answered
on a four-point Likert scale (1 = Not at all true of me to 4 = Extremely true of me).
Items included phrases such as "I expected to do well in quadratic equations” or "I
believed I would receive an excellent grade for the topic of quadratic equations”.
The reliability of the scale was good (a = .89).

Interest

Student personal interest in quadratic equations was assessed via three items on a
four-point Likert scale (1 = Strongly disagree to 4 = Strongly agree; see Mihaly et
al., 2021). Items asked students to answer based on their current math lessons
they had just participated in (e.g., "I was interested in the topic of quadratic
equations” or “After my mathematics class on the topic of quadratic equations I was
often already curious about the next mathematics class”). The reliability of the
scale was good (a = .82).

Student perceptions of constructive support

The items for both facets of constructive support were answered on a four-point
Likert scale (1 = Strongly disagree to 4 = Strongly agree). The facet of instructional
support was assessed via three items (Mihaly et al., 2021), for example, “Our
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mathematics teacher helped us with our learning” or "Our mathematics teacher
continued teaching until we understood”. Reliability was good, with a = .86. The
facet of social-emotional support was assessed via five items (Mihaly et al., 2021),
for example, "I got along well with my mathematics teacher” or "My mathematics
teacher really listened to what I had to say”. This scale also showed good reliability,
with a = .90.

Student gender

Student gender was collected in the pre-test questionnaire. Students were asked to
indicate whether they were male or female. This variable was then dichotomously
coded in the data set, with males as 0 and females as 1.

Analyses and missing data

All inferential analyses were conducted in Mplus Version 8.3 (Muthén & Muthén,
1998-2017). We first conducted confirmatory factor analyses (CFA) to evaluate a
measurement model in order to assess the fit of the observed items to the latent
variables of self-concept, self-efficacy, interest, student perception of instructional
support, and student perception of social-emotional support. A CFA with all latent
variables included was used as the final measurement model. Goodness-of-fit was
assessed using the following fit indices: Comparative Fit Index (CFI), Tucker-Lewis
index (TLI), Root Mean Square Error of Approximation (RMSEA), and Standardized
Root Mean Residual (SRMR). We considered (a) CFI and TLI > .95 and .90, (b)
RMSEA < .06 and .08, and (c) SRMR < .08 as indicators of excellent and adequate
model fit, respectively (Hu & Bentler, 1999).

Before moving on to the structural equation modelling, we also tested for
measurement invariance across gender as a prerequisite for investigating mean
differences. Specifically, we assessed configural, metric, and scalar invariance for
two latent variable models: one with the three motivational outcomes of self-
concept, self-efficacy, and interest, as well as one model with the two perceived
constructive support facets of instructional support and social-emotional support.
We used the cutoff values recommended by Chen (2007) when evaluating the
measurement invariance and considered a reduction of ACFI > .010 and ARMSEA >
.015 or ASRMR = .010 as indicative of non-invariance.

In order to evaluate RQ1, we used a structural equation model (SEM) with gender
as a predictor of student self-concept, self-efficacy, and interest. Gender was
always included with males as the reference category (intercept) in order to assess
the effect of “being female” on the outcome variables. We included the latent
variables of student self-concept, self-efficacy, and interest all together in one
model. To investigate RQ2, we simultaneously added both facets of perceived
constructive support (i.e., instructional and social-emotional) to the model as
additional predictors of self-concept, self-efficacy, and interest. We used the same
fit indices cutoffs described above to evaluate the model fit of the SEMs.

For RQ3, we used a latent moderated structural equation modelling approach (Klein
& Moosbrugger, 2000). We followed the approach for latent moderated SEMs
recommended by Maslowsky and colleagues (2015), which recommends comparing
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models with and without interaction terms in order to test for moderation.
Therefore, we used the model with gender and both facets of perceived constructive
support as predictors as the model without interaction effects (Model 0). We then
added two latent interaction terms between gender and each facet of perceived
constructive support to create a model with interaction effects (Model 1)?.
Traditional model fit indices are not applicable to latent moderated SEMs. We
therefore used the log-likelihood ratio test as recommend by Maslowsky and
colleagues (2015) to compare the fit of Model 1 relative to Model 0. The likelihood
ratio test statistic (LRTS) was calculated via the following equation:

LRTS = —2[(log-likelihood for Model 0) - (log-likelihood for Model 1)]

The LRTS can be evaluated using the chi-square distribution. The degrees of
freedom were calculated as the difference between the number of free parameters
in the model with interaction and the number of free parameters in the model
without interaction. A significant result from the log-likelihood ratio test indicates
that Model 0 constitutes a significant loss in fit as compared to Model 1 (the models
with interaction), and therefore suggests that Model 1 is a better fit to the data.
Additionally, we compared the Bayesian information criterions (BIC) of the two
models. A smaller BIC value is suggestive of a better fit to the data (Lin et al.,
2017).

In order to account for the nested structure of the data (i.e., students nested within
classes), all analyses were conducted using a robust sandwich estimator (TYPE =
COMPLEX in Mplus) to adjust standard errors of parameter estimates and correct
for the non-independence of observations (Asparouhov, 2005; Muthén & Satorra,
1995). To handle the non-normality of the data, maximum likelihood estimation
with robust standard errors (MLR) was used for all models. For the post-test
questionnaire, 91 students (8.2%) did not participate, resulting in missing data. We
handled this missing data using the full information maximum likelihood approach
(Schafer & Graham, 2002). Significance was evaluated using a p-value cutoff of <
.05. As Mplus only provides two-tailed p-values, we recalculated the p-values for
the directional hypotheses to be one-tailed. The outcome variables of self-concept,
self-efficacy, and interest were allowed to correlate in all models. All relevant
syntaxes and corresponding materials are public and can be found on the OSF
webpage for this study via the following link:

https://osf.io/g9bej/?view only=499c86b19d964d018ed8520bee753430

RESULTS

Descriptive statistics

Descriptive statistics and intercorrelations among latent and observed (i.e., gender)
variables are reported for the total sample, males, and females in Table 1. Overall,
the correlation patterns suggest significant relationships between all variables of
interest, except for gender and student perceptions of constructive support.
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Table 1
Descriptive statistics and latent correlations for all variables
Measure 2 3 4 5 6 M SD
Total sample
1. Self-concept .80* .60%* 41* .34% -.09% 2.59 0.65
2. Self-efficacy - 51% 31%* 27%* -.16%* 2.35 0.72
3. Interest - 42% 43* .08* 2.17 0.73
4. Instructional support - 81% <.01 2.87 0.77
5. Social-emotional support - < .01 2.99 0.74
6. Gender - - -
Measure 2 3 4 5 M SD
Males
1. Self-concept .83* .60* 37* .33%* 2.64 0.67
2. Self-efficacy - .52%* .28% .24 2.46 0.72
3. Interest - .40%* 43%* 2.12 0.74
4. Instructional support - .81%* 2.88 0.80
5. Social-emotional support - 2.99 0.79
Measure 2 3 4 5 M SD
Females
1. Self-concept .78%* .63* .38* 31* 2.54 0.62
2. Self-efficacy - 57* .29% .25% 2.25 0.70
3. Interest - 41%* 42% 2.21 0.70
4. Instructional support - .79% 2.86 0.74
5. Social-emotional support - 2.99 0.70

Note. Gender: 0 = male, 1 = female. Range of values for all scales was from 1-4. *p < .05.

Confirmatory factor analysis and measurement invariance

The results of the CFA for the final measurement model with all latent variables
(self-efficacy, self-concept, interest, perceived instructional support and perceived
social-emotional support) revealed excellent model fit for all scales: CFI = .97, TLI
= .97, RMSEA = .04 [.037, .045], and SRMR = .04. All items loaded strongly and
significantly onto the respective latent factors.

As can be seen in Table 2, the results of the measurement invariance confirmed
configural, metric, and scalar invariance across gender based on the cutoff values
recommended by Chen (2007) for both the three motivational outcome variables
grouped together, as well as the two facets of perceived constructive support
grouped together. In other words, it can be assumed that both male and female
students interpreted the perceptions of constructive support and motivational
outcome measures in the same manner.
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Table 2
Measurement invariance across gender
df X2 CFI ACFI RMSEA  ARMSEA SRMR
Motivational outcomes
Configural 90 339.863 971 .052 .039
Metric 79 349.121 .972 .001 .050 .002 .040
Scalar 68 352.005 973 .001 .047 .003 .040
Constructive support
Configural 50 95.454 .990 .056 .021
Metric 44 102.184 .990 < .001 .053 .003 .024
Scalar 38 105.455 .990 < .001 .048 .005 .024

Main effects of gender on motivational outcomes

For RQ1, we fit a SEM with gender as a predictor of student self-concept, self-
efficacy, and interest in quadratic equations. The model showed a good fit to the
data, with CFI = .97, TLI = .96, RMSEA = .05 [.045, .058], and SRMR = .04. Model
coefficients showed that gender (in this case, being female) significantly and
negatively predicted self-concept (b = -.15, p = .02) and self-efficacy (b = -.33, p
< .001) in quadratic equations. There were no significant effects of gender on
interest in quadratic equations.

Main effects of teacher constructive support on motivational outcomes

To evaluate RQ2, we added both facets of perceived constructive support
(instructional and social-emotional support) to the model as predictors of self-
concept, self-efficacy, and interest in quadratic equations (Model 0). The results
indicated good model fit (CFI = .97, TLI = .96, RMSEA = .04 [.036, .049], and
SRMR = .04). Perceived instructional support had a significant positive effect on
self-concept (b = .36, p < .001), self-efficacy (b = .24, p = .01) and interest (b =
.20, p = .03) in quadratic equations. Perceived social-emotional support had a
significant positive effect on interest in quadratic equations (b = .31, p < .001), but
not on self-concept or self-efficacy in quadratic equations.

Interaction effects of gender and perceived constructive support

To answer RQ3, we added latent interactions (gender x perceived instructional
support and gender x perceived social-emotional support) to Model 0, resulting in
Model 1. When comparing the Model 1 to Model 0, the log-likelihood test was not
significant (df = 6, x> = 0.65), indicating that the model with interaction did not
represent a better fit to the data. There was also no reduction in BIC in the
interaction model as compared to the non-interaction model, additionally indicating
that the interaction model was not a better fit to the data. The specific estimates
for the interaction within the model were non-significant. Path coefficients for the
model without interaction (Model 0) and the latent interaction model (Model 1) can
be seen in Table 3.
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Table 3
Path coefficients of the main effect model (Model 0) and the latent interaction model
(Model 1) for gender and perceived instructional support

Model 0 Model 1
Outcome and predictor Est. (SE) Std. est. p Est. (SE) Std. est. p
Self-concept
1. Gender -0.15 (0.07) -0.14 .016 -0.15 (0.07) -0.14 .016
2. Instructional support 0.36 (0.10) 0.34 <.001 0.36 (0.16) 0.34 .011
3. Social-emotional support 0.05 (0.08) 0.05 271 0.05 (0.15) 0.05 .361
4. Gender x Instructional support 0.01 (0.20) 0.01 492
5. Gender x Social-emotional support -0.01 (0.20) -0.01 491
R? 15 15
Self-efficacy
1. Gender -0.33 (0.07) -0.31 <.001 -0.33(0.07) -0.31 <.001
2. Instructional support 0.24 (0.10) 0.23 <.001 0.25 (0.15) 0.24 .045
3. Social-emotional support 0.06 (0.11) 0.06 .287 0.04 (0.15) 0.04 .388
4. Gender x Instructional support -0.01 (0.18) -0.01 476
5. Gender x Social-emotional support 0.04 (0.17) 0.04 .405
R? .10 .10
Interest
1. Gender 0.16 (0.07) 0.15 .992 0.17 (0.07) 0.15 .992
2. Instructional support 0.20 (0.10) 0.18 .028 0.17 (0.13) 0.15 .101
3. Social-emotional support 0.31 (0.11) 0.28 <.001 0.33 (0.13) 0.29 .008
4. Gender x Instructional support 0.06 (0.16) 0.05 .350
5. Gender x Social-emotional support -0.02 (0.15) -0.02 439
R? .19 .20
Goodness-of-fit
AIC 46698.235 46709.586
BIC 47082.475 47123.009

Note. Est. = unstandardized parameter estimate; Std. est. = standardized estimate; AIC = Akaike information
criterion; BIC = Bayesian information criterion.

DISCUSSION

Despite more attention in recent years to gender equality in education, female
students continue to display lower levels of motivational outcomes than males in
STEM subjects, including mathematics. The question of how to reduce these gender
differences is not new in educational research and has been a topic of discourse for
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many years. Numerous interventions have been conducted that attempt to promote
motivational outcomes in gender stereotypical subjects and therefore reduce
differences between male and female students (for a meta-analysis, see Lesperance
et al., 2022). While these interventions are a promising avenue for reducing gender
differences, they do not refer to daily classroom learning and instruction. Although
it has been shown that constructive support is positively connected to various
motivational outcomes (e.g., summarized by Cornelius-White, 2007), there are still
very few studies examining whether constructive support can especially bolster
these outcomes for female students in mathematics. The present research therefore
aimed to evaluate the main effects of student gender and perceived constructive
support on the student motivational outcomes of self-concept, self-efficacy, and
interest in quadratic equations in secondary school mathematics classrooms, as well
as to investigate whether perceived constructive support moderated the
relationship between gender and self-concept, self-efficacy, and interest.

Although our analyses focused on the specific mathematical topic of quadratic
equations, a thorough understanding of quadratic equation concepts is also
necessary for more advanced mathematical topics such as geometry and calculus
(Lépez et al., 2016) and can therefore be considered as a core concept of
mathematics educations. Although there has been no systematic analysis of the
specific differences in quadratic equations to date, we would not assume that there
are particularly extreme differences in the area of quadratic equations from other
areas of mathematics, making it appropriate to relate to the literature on general
mathematics education.

The impact of gender on student motivational outcomes

Our hypothesis regarding the effect of gender on self-concept, self-efficacy, and
interest in secondary school mathematics lessons on quadratic equations (H1) was
partially supported. Consistent with previous findings on gender differences in math
self-concept (Marsh & Yeung, 1998; Nagy et al., 2010; Watt, 2004) and self-
efficacy (Huang, 2013; Pajares, 2005; Zander et al., 2020), female students
reported lower levels of these outcomes than male students. However, we did not
find any significant effect of gender on interest in quadratic equations. These results
are in contrast to other studies that have found girls to report lower levels of
interest in mathematics, especially in secondary school (Frenzel et al., 2010; Kdller
et al., 2001; Watt, 2004). However, there is also some evidence to suggest that the
gender gap in math interest may not be as prominent as the gap in competency-
related outcomes. For example, Ganley and Lubienski (2016) found that the
differences between male and female students’ math interest were substantially
smaller than differences in confidence in their math abilities (although differences in
interest were present). Furthermore, some studies have found no gender
differences in math interest, even while still finding gender differences in math
competency beliefs (Fredricks et al., 2018; Jacobs et al., 2002; Simpkins et al.,
2006). Combined with the results of the current study, this suggests that while
gender differences have been observed in both math competency-related outcomes
(e.g., self-concept, self-efficacy) and math interest, the gender differences in
competency-related outcomes seem to be stronger and more consistent. Therefore,
it is possible that the persistent gender gap in mathematics-related areas is less a



International Journal of Gender, Science and Technology, Vol.3, No.2

result of females not being interested in math, but rather more due to beliefs
concerning their own capabilities in these areas.

Drawing on prior research, these lower levels of competency-beliefs in quadratic
equations found in female students in our study may be due to learned gender
stereotypes that students have incorporated into their own identities. Indeed,
studies have shown that students who endorse traditional gender stereotypes in
STEM-related subjects tend to display more gender stereotypical self-beliefs about
their competencies in those subjects (e.g., female students do not perceive
themselves as competent compared to male students) (Casad et al., 2015; Correll,
2001; Koul et al., 2016). Stereotype threat could provide one explanation for this
mechanism. When female students are cognizant of the stereotype that females are
not seen as competent or capable in STEM subjects such as math or science, this
awareness can affect their self-assessment of their own abilities (Inzlicht &
Schmader, 2012; Pennington et al., 2016; Shapiro & Williams, 2012).

The positive impact of perceived constructive support on motivational
outcomes

Our findings partially supported our second hypothesis (H2). We found that while
both perceived instructional support and perceived social-emotional support had a
significant, positive effect on student interest in quadratic equations, only perceived
instructional support had a significant, positive effect on self-concept and self-
efficacy in quadratic equations. These results provide valuable insights into the
unique effects of these two facets of perceived constructive support on specific
student motivational outcomes.

The positive effect of both facets of perceived constructive support on student
interest in quadratic equations corroborates prior research that has demonstrated
the significance of a supportive learning environment for student interest. The
significant effects found in our study suggest that when students perceive that their
teachers provide clear feedback, helpful resources, and guidance, as well as foster
a sense of belonging, empathy, and emotional well-being, they are more likely to
develop a genuine interest in a given subject (Lazarides et al., 2019; Lazarides &
Ittel, 2013; Prewett et al., 2019).

However, our results showed an interesting distinction in regards to self-concept
and self-efficacy in quadratic equations. We found that for these two motivational
outcomes, only the facet of perceived instructional support had a significant and
positive effect. This implies that while perceived instructional support plays a crucial
role in shaping students’ perception of their own competence and efficacy in
quadratic equations, perceived social-emotional support may not. When placing
these results in the context of prior research, it is important to acknowledge that
many studies on the relationship between perceived constructive support and
student motivational outcomes do not distinguish teacher support into two facets as
we have done in our study, but rather use an overall measure, with aspects of both
facets creating a single factor or just one facet as a measure. Studies combing both
facets into a single factor also find significant effects on competency-related beliefs
(Ahmed et al., 2008; Lapointe et al., 2005; Yu & Singh, 2018). However, it is



International Journal of Gender, Science and Technology, Vol.3, No.2

difficult to determine what aspects of perceived constructive support are driving
these effects when they are combined in one model. A sparse number of studies
looking at the sole effect of perceived instructional support also found positive
effects for self-efficacy and self-concept (Liu et al., 2018; Ma et al., 2021; Yildirim,
2012). While some of the few studies investigating solely perceived social-
emotional support have found that it is not related to student competency
outcomes (Ruzek et al., 2016), there is sparse evidence for relations between
perceived social-emotional support and self-efficacy (Yang et al., 2021).

The differential effects of perceived instructional support and perceived social-
emotional support on student self-concept, self-efficacy, and interest in quadratic
equations underscore the multifaceted nature of perceived constructive support in
mathematics classrooms. Of the three outcomes evaluated, interest has been
shown to be the most affective in nature, is very closely tied to positive emotions
experienced while performing a given task, and relies heavily on interactions and
experience (Frenzel et al., 2010). Therefore, it may be possible that the personal
and emotional implications of perceived social-emotional support are especially
important for student interest. In contrast, it seems as though it is instructional
support that plays the more critical role in fostering students’ confidence and beliefs
about their abilities in quadratic equations. This is in line with the nature of self-
concept and self-efficacy, which both involve more cognitive appraisals of ones’
capabilities and are therefore heavily tied to learning and instruction (Bong &
Skaalvik, 2003). Additionally, these results imply that even when students perceive
their teachers as warm, caring, and personally interested in their emotional well-
being, this has little effect on their evaluations of their own competency
expectations. This underscores the nuanced nature of the associations between
expectancy-related outcomes and contextual factors such as constructive support
compared to the associations observed between value-related outcomes and these
same contextual factors.

The interaction of perceived constructive support and gender

Our findings did not support our hypothesis regarding the interaction of gender and
perceived constructive support (H3). There were no significant effects of the
interaction between gender and perceived constructive support for any of the
student motivational outcomes, indicating that while perceived constructive support
has positive effects for students with regard to motivational outcomes, our study
did not support the hypothesis that these effects might be stronger for female
students in mathematics than for boys. One possible explanation for the lack of
interaction effects could be due to the design of the data. The data used was cross-
sectional and only assessed student motivation in the classroom of interest at one
time point. Although the instruments used attempted to measure the motivational
constructs as specifically as possible in a state context (e.g., "I was interested in
the topic of quadratic equations”, “I expected to do well in quadratic equations”), it
is possible that detecting interaction effects in this design is not feasible.
Motivational outcomes are continuously shaped over the entire course of a
student’s life and therefore may need to be investigated over the long-term.
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Another possible explanation for the lack of interaction effects may be that
constructive support is equally beneficial for male and female students. Through the
framework of the academic risk perspective, it is plausible that females would
especially benefit from high levels of perceived constructive support due to the risk
of them having lower levels of motivational outcomes in mathematics. However,
our results suggest that the effect of perceived constructive support on student
motivational outcomes does not differ in regards to gender. While it is positive to
confirm that perceived constructive support has beneficial effects for all students,
this might signify that even with highly supportive teachers, female students still
display lower levels of motivational outcomes in mathematics, which may be due to
factors outside of the classroom, and therefore may require more targeted
approaches to combat these deficits.

Limitations and future research

Although this study takes a crucial first look at the role of perceived constructive
support for gender differences in student motivational outcomes, there are a few
limitations that should be considered when interpreting the results. First, the
variables used were measured as states. In order to investigate the long-term
effects of perceived constructive support on student motivational outcomes, it may
be crucial to examine these relationships as traits using longitudinal data. While the
current work took a first step in evaluating if any interactions exist between these
variables, assessing them over longer periods of time would allow for a more
detailed view, as well as the possibility to evaluate how perceived constructive
support is related to changes in motivational outcomes over time. Students already
start to display gender differences in motivational outcomes in primary school
(Eccles et al., 1993). Therefore, these differences tend to already exist by the time
they enter secondary school and may require a longer period of time to evaluate
what factors influence their development. Additionally, the current data did not
allow us to take reciprocal effects into account, however, results from other studies
have suggested that some motivational outcomes, for example, interest, may also
have an effect on how students perceive their classroom environment over longer
periods of time (Lazarides & Ittel, 2012). Future research should therefore consider
using longitudinal designs when examining these relationships.

Secondly, all scales included in the study were self-reported by the students. Self-
report data is susceptible to common method bias (Podsakoff et al., 2012). It is
also possible that social desirability influenced the self-reported information. We
chose to only use student data in this study because we were interested in the
individual experiences of each student and how that related to their motivational
outcomes. However, future studies could consider drawing information about
constructive support from additional sources such as teacher reports or third-party
observations to reduce the possibility of biases from purely self-reported data.

It is also important to mention that the secondary school system in Germany
consists of different school types, each with a distinct curriculum. The students in
the current data set were mainly (82%) from the Gymnasium school type, which
can be considered as the most academically rigorous type. The high percentage of
students from this school type in the data did not allow us to assess any differences



International Journal of Gender, Science and Technology, Vol.3, No.2

between school types, however, it is plausible that gender differences may present
as more or less pronounced in different types of schools. Indeed, gender differences
have been shown to vary in regards to ability level (Preckel et al., 2008).
Additionally, schools with a stronger vocational focus tend to have a different study
body composition in regards to socioeconomic status.

Socioeconomic status can also have an effect on gender differences in academic
contexts (Cascella & Pampaka, 2020). Therefore, future research should also strive
to include a more diverse sample of schools when continuing studies in the German
secondary school system.

Moreover, future research could further explore additional contextual variables that
have also been associated with variations in gender differences in motivational
outcomes such as gifted versus average-ability students (Preckel et al., 2008;
Rudasill et al., 2009; Zhou et al., 2017) and teacher gender (Duffy et al., 2001;
Gong et al., 2018; Martin & Marsh, 2005). These factors have been previously
associated with gender differences in motivational outcomes, however, due to the
focus and scope of our present research questions, they were not explicitly
examined. Expanding the investigation to include these variables would provide a
deeper understanding of the relationships between these various factors.

Implications and conclusions

This study is one of the first to examine the potential of perceived constructive
support as a moderator of gender differences in student motivational outcomes in
secondary school mathematics. Concurrent with prior research, our results showed
that female students display lower levels of both self-concept and self-efficacy in
mathematics. However, contradictory to prior research, we did not find the same
negative effect for female math interest. While more research is needed to examine
the concrete gender differences in these outcomes, our results hint that when
trying to encourage female students in mathematics, it might be more pertinent to
focus on their competency beliefs. This is valuable as many educational initiatives
that focus on females in STEM subjects tend to address a wide range of outcomes,
and knowledge of which motivational constructs are most affected by gender is
crucial going forward. These results also highlight the importance of developing a
more differentiated view of gender differences in motivational outcomes in
mathematics.

This study also illustrates that perceived constructive support continues to be an
important predictor of student motivational outcomes in mathematics, and that
there are nuanced relationships between specific facets of perceived constructive
support and specific motivational outcomes. These findings emphasize the need for
educational practitioners to support students in ways that not only promote interest
but also enhance students’ self-perceptions and feelings of competence in their
mathematical abilities. Perceived constructive support should continue to be studied
by researchers in more diverse contexts and populations to deeply understand the
maghnitude and variation of these effects. Additionally, these results provide
evidence for teacher training and continuing teacher education that training
teachers to be supportive, caring actors in students’ lives can make an important
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impact on student motivation, and subsequently, future educational outcomes.

While we did not find the hypothesized interaction effects between gender and
perceived constructive support, this line of research is, to our knowledge, one of
the first studies to approach this topic. Future studies should continue to investigate
the interplay of these variables and their effects in various contexts and with
different populations. These results provide a starting point for that research.
Additionally, this study highlights the relative scarcity of studies that investigate
how various aspects of teaching quality and classroom environment may influence
gender differences in mathematics. Continued research in this area is crucial for
understanding what educators can do to combat gender differences in mathematics
and create an environment where all students can reach their full potential,
regardless of gender.

AUTHOR NOTE
Kaley Lesperance
https://orcid.org/0000-0002-0669-2744

Jasmin Decristan
https://orcid.org/0000-0003-4664-1367

Doris Holzberger
https://orcid.org/0000-0001-6535-289X

We have no conflicts of interest to disclose. Please direct all correspondence to
Kaley Lesperance: kaley.lesperance@tum.de.

ENDNOTES

1Due to the high correlation between perceived instructional support and perceived
social-emotional support, we also ran two separate latent moderation SEMs in order
to ensure that the lack of interaction effects was not due to the high correlation
between these two facets. However, we also did not find any interaction effects for
the separate models with just perceived instructional support or just perceived
social-emotional support.
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