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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 variables.
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 
effects for both genders, there was no statistically signifi-
cant difference between the two genders with regard to 
the intervention 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 analyses showed no significant effects for grade 
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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 et al., 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; Möller 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; Köller 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 

level, intervention duration, or school subject, but there was 
a significant influence of intervention method used.
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 are stereo-
typically disadvantaged may have greater effects for females 
than for males. Implications and suggestions for future re-
search are discussed.
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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, 
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 “girl” 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 
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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 
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 are 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 inter-
ventions 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 students 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 stereotypi-
cally 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 engage-
ment, 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 
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(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 possi-
ble strategies 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 stu-
dent 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 character-
istics 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., 2006; 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 in 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. girls 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 earlier 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 



    | 1507INTERVENTION EFFECTS ON GENDER DIFFERENCES

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. (1996), 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 & Büttner, 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.

Type 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.



    | 1509INTERVENTION EFFECTS ON GENDER DIFFERENCES

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.

F I G U R E  1  Flow chart of the study selection process. Study selection was done following the guidelines of The PRISMA 
Group (Moher et al., 2009)
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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 κ = .51 (intervention method), which is considered a substantial agreement, to κ = 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 

T A B L E  1  Overview of coded variables
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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 (Kerneža & Košir, 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 Kerneža and Košir (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).

Type 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 
calculated 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:

where the pooled pre- test standard deviation is defined as

and the bias correction is defined as

g = c
p
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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 
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 metafor, 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 
57de0 6e45f fbd3c 04c87 d569b9c.

https://osf.io/zb8sc/?view_only=7392757de06e45ffbd3c04c87d569b9c
https://osf.io/zb8sc/?view_only=7392757de06e45ffbd3c04c87d569b9c
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R ESULTS

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 I2 = 80.33 (τ2 = .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, g = .26. We also conducted post- hoc subgroup analyses to evaluate the absolute effects on the 
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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 (g = .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, g = .53, whereas the effect size for males when 
psycho- social interventions were used was significantly lower (g = .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 g = .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 g = .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 

T A B L E  3  Model with gender as predictor

Predictor Estimate SE

95% CI

df p- valueLower Upper

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.

T A B L E  4  Model with gender as predictor

Predictor Estimate SE

95% CI

df p- valueLower Upper

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.
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F I G U R E  2  Forest plot of female effect sizes. Effect sizes adjusted for dependency using RVE
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F I G U R E  3  Forest plot of male effect sizes. Effect sizes adjusted for dependency using RVE
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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

Egger'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 
et al., 2017). The findings that these interventions have, on average, a positive effect for both male and 

T A B L E  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 & Matha 8 22 15.30 .02 .32 .954

Note: j represents the number of studies, and k represents the number of effect sizes. REF indicates which level of the variable was used as the 
reference category (intercept).
aIndicates that this combination was an interaction term in the meta- regression.
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T A B L E  6  Overview and results of moderator analyses

Moderator level j k % df Estimate SE p- value
Reference 
category

Grade level

Primary 5 13 18% 3.96 .48 .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 .12 .002*** REF

Instructional & female 8 11 15% 12.02 −.11 .23 .644

Psycho- social & male 8 23 33% 7.70 −.34 .11 .010**

Instructional & malea 8 11 15% 16.31 .33 .30 .281

Intervention target

Gender targeted & female 10 18 25% 7.87 .63 .13 .002*** REF

Non gender targeted & 
female

8 19 27% 12.37 −.43 .15 .015**

Gender targeted & male 7 15 21% 8.90 −.31 .24 .220

Non gender targeted & 
malea

8 19 27% 13.80 .35 .26 .208

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, k 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, 
**p < .05.
aIndicates that this combination was an interaction term in the meta- regression.

F I G U R E  4  Funnel plot
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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 (d = .57), followed closely by students in grades 1– 5 (d = .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 



    | 1527INTERVENTION EFFECTS ON GENDER DIFFERENCES

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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A PPEN DI X 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 "par-
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*")))))

A PPEN DI X B

Subgroup analyses

T A B L E  A 2  Meta- analytic subgroup model for males in science

Predictor Estimate SE

95% CI

df p- valueLower Upper

Intercept .247 .187 −.211 .705 5.91 .234

Note: Model estimated using robust variance estimation to correct for dependent effect sizes.

T A B L E  A 1  Meta- analytic subgroup model for females in science

Predictor Estimate SE

95% CI

df p- valueLower Upper

Intercept .389 .135 .052 .725 5.64 .0303**

Note: Model estimated using robust variance estimation to correct for dependent effect sizes. **p < .05.
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A PPEN DI X C

T A B L E  A 5  Sensitivity analysis for baseline equivalency

Predictor Estimate SE

95% CI

df p- valueLower Upper

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.

T A B L E  A 4  Meta- analytic subgroup model for males in math

Predictor Estimate SE

95% CI

df p- valueLower Upper

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

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

T A B L E  A 3  Meta- analytic subgroup model for females in math

Predictor Estimate SE

95% CI

df p- valueLower Upper

Intercept .379 .163 .001 .756 7.85 .049*

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