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ABSTRACT 

Women tend to have lower interest in engineering as compared to men, which 
previous research has shown is partly explained by gender differences in self-
efficacy, social belongingness and communal career goals. Therefore, to attract 

more women to engineering, effective interventions are needed that target these 
factors. In this study, we evaluated an industry-designed intervention for high 

school students. The intervention consisted of a two-day interdisciplinary course 
on water issues and careers in the water sector, located by a lake in the Swedish 
countryside. The participating 722 high school students answered a survey 

before, immediately after, and three months after the intervention. We 
measured interest, self-efficacy, social belongingness, communal career goal 

affordance, and stereotype threat, in relation to engineering. The results showed 
expected gender differences in all pre-measures. A promising result was that the 
intervention raised women’s engineering self-efficacy and social belongingness 

and reduced stereotype threat levels. However, repeated exposure might be 
necessary for the changes to last. Engineering interest was unexpectedly not 

affected by the intervention, which may imply that stronger increases in self-
efficacy and social belongingness are necessary to impact interest.    
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INTRODUCTION 
Many occupations in the STEM field (Science, Technology, Engineering and 

Mathematics) are still heavily gender-skewed and dominated by men, despite 
continuous efforts to attract more women to the field. For example, in the US, 

only 15% of engineers are women (United States Census Bureau, 2021) and in 
Sweden, where the data for this study was collected, the proportion is 25% 
(Statistics Sweden, 2020). That so few women choose to study engineering may 

be seen as a problem for individual women who miss out on opportunities for 
potential careers that could fit them well, but also for employers. The STEM 

sector is already facing a global shortage of skilled labor, which is expected to 
grow (Nordic Council of Ministers, 2021; Shoffner & Dockery, 2015; Swedish 
Public Employment Service, 2022). Attracting women to STEM is therefore 

important for securing the future workforce (Nordic Council of Ministers, 2021). 
The EU Institute for Gender Equality (EIGE) estimates that closing the gender 

gap in STEM would increase economic growth in the EU by an additional €610-
820 billion by 2050, due to reduced labor market shortages and increased 
productivity (EIGE, 2017). 

 
To counteract these problems, the STEM industry often designs activities for 

children and youth, where one aim is to increase interest in the field. One 
limitation of these efforts is that they are rarely scientifically evaluated, and we 
therefore lack insight into their effectiveness (Shoffner & Dockery, 2015; Valla & 

Williams, 2012). In this study, we empirically investigate the effectiveness of 
such an industry-financed intervention for high school students called Think H2O, 

which takes place at a lake in the Swedish countryside. For two full days, the 
students learn about water and sustainability issues and about careers in the 

water sector, including engineering.  
 
We test the potential effect of the industry intervention on the students’ interest 

in engineering and on predictors of gender differences in engineering interest, 
namely engineering self-efficacy, social belongingness and perceived communal 

career goal affordance in engineering. We will next describe the theoretical basis 
of these predictors. We also study the potential effect of the intervention to 
reduce young women’s stereotype threat for engineering. Stereotype threat is 

typically not related to interest but according to stereotype threat theory, it is 
linked to an increased risk of disengaging from a field despite interest (Spencer 

et al., 2016; Steele, 1997; Steele & Aronson, 1995). 

 
Theories of Gender Differences in Career Interest  
Although some still believe that the gender skewness in engineering relates to 
psychological gender differences in ability (see Saini, 2017 for a review) 

empirical data does not support this view. Abilities that are relevant for the 
STEM sector, such as mathematical skill, typically show gender similarity, or are 

even counter-stereotypically to girls’ advantage (Ceci et al., 2009; Hyde et al., 
2019). For example, in the 2018 US National Assessment of Educational 
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Progress, eighth grade girls outperformed boys in all areas of technology and 
engineering literacy (US Department of Education, 2018). However, girls tend to 

underestimate their STEM abilities, while boys sometimes overestimate them, 
and this may relate to gender stereotypes (Bench et al., 2015; Watt, 2010). 

Much research has shown that around the world, people implicitly associate 
science, math and more recently technology with men (Master et al., 2017; 
Miller et al., 2015; Shin et al., 2016; Tellhed et al., 2022). In Sweden, children 

also tend to explicitly state that they believe that men are better at technology 
than women (Tellhed et al., 2022). Gender stereotypes can affect the 

development of career interest both directly (Spencer et al., 2016; Steele, 1997; 
Steele & Aronson, 1995; Tellhed et al., 2022) and indirectly, through affecting 
the development of theoretically derived predictors of STEM interest.  

 
There are two main psychological theories that describe predictors of career 

interest and career choice. Social cognitive career theory (SCCT; Lent et al., 
1994) states that career interest and career choice are influenced by self-
efficacy (the belief that you have the capability to successfully perform) and 

outcome expectations (beliefs of what you can get) in a domain. Women tend to 
have lower self-efficacy for STEM careers than men, which has been shown to 

explain gender differences in STEM interests (Lent & Brown, 2019; Tellhed et al., 
2017). However, SCCT is not focused on explaining particularly gender 

differences. An influential theory that explicitly points to gender stereotypes for 
explaining gender differences in career choice is Eccles’ expectancy-value theory 
(EEVT; Eccles, 1987; 1994), recently updated to the situated expectancy-value 

theory (SEVT; Eccles & Wigfield, 2020). EEVT and SEVT postulate that gender 
stereotypes influence performance expectations (related to ability beliefs) and 

values (e.g. fun) that we associate with certain careers, which in turn predict 
career choice. EEVT has also received ample empirical support (Eccles & Wang, 
2016; Guo et al., 2015; Lauermann et al., 2017). Recently, Master and Meltzoff 

expanded EEVT into the stereotypes, motivation, and outcomes model (STEMO; 
Master & Meltzoff, 2020), which similarly emphasizes the role of gender 

stereotypes for career interest and choice. STEMO also draws upon recent 
developments in social identity research, which point to the role of social 
belongingness (expectations of “fitting in") for gender differences in career 

interest (see Master & Meltzoff, 2020 for a review). Like SCCT, STEMO also puts 
special emphasis on career interest as an outcome variable, since interest has 

been shown to be the main predictor of career choice (Maltese & Tai, 2011).  
 
Further, the goal congruity perspective (GCP; Diekman et al., 2016) recently 

included career goal endorsement and career goal affordance (perceived goal 
fulfillment in careers) as predictors of gender differences in career interest. GCP 

states that the perceived affordance of agentic (e.g. earning a high salary) and 
communal goals (e.g. helping others) of different careers may attract or deter 
people's interest, depending on their career goal endorsement (their motivation 

to achieve these goals). STEM careers, including engineering, tend to be 
perceived as not fulfilling communal career goals well. This may deter women’s 

interest, since women tend to endorse communal career goals to a higher 
degree than men (Diekman et al., 2016).  
 

In this study, we draw on these theories for our selection of the main dependent 
variable (interest) and the proposed predictors. We will test if a gender 

difference in engineering interest is explained (statistically mediated) by gender 
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differences in engineering self-efficacy, social belongingness in engineering and 
communal career goal endorsement. Our main aim is however to investigate if 

an industry-financed STEM intervention increases young women’s engineering 
self-efficacy, their social belongingness in engineering and their perception that 

engineering can fulfill communal career goals. Drawing on the described 
theories, this could increase women’s interest in engineering. We will next 
elaborate on the empirical support for each proposed factor in more detail. 

 
Self-Efficacy and Stereotype Threat 

Self-efficacy is defined as a person’s belief that he or she has the capability to 

succeed in a domain (Bandura, 1977; 1997) and is a central factor in SCCT (Lent 
et al., 1994). It is closely related to ability beliefs as it is understood in EVVT and 

SEVT (Eccles, 1987; 1994; Eccles & Wigfield, 2020; Wigfield & Eccles, 2000). 
Self-efficacy has been shown to be an important predictor of career interest, 
even stronger than actual ability, measured as performance on ability tests 

(Bandura, 1997; Brown et al., 2008; Lent & Brown, 2019).  
 

In the context of the present study, we focus on specifically engineering self-
efficacy and measure the extent to which students believe that they have what it 
takes to succeed in an engineering program. Two large studies with randomly 

selected elementary school and high school students in Sweden recently showed 
that self-efficacy was the strongest mediator of gender differences in STEM 

interest and STEM choice (Tellhed et al., 2017; 2018). According to Bandura, 
there are four sources of self-efficacy: mastery experience (succeeding while 
performing in a domain), social persuasion (receiving encouragement), vicarious 

experience (having role models) and physiological arousal (e.g. experiencing low 
stress; Bandura, 1977; 1997). Some studies have found that mastery 

experience is the most important source of self-efficacy (Britner & Pajares, 
2006), while others have found that girls’ self-efficacy is more influenced by 
social persuasion and vicarious experiences from relevant role models in their 

lives, and boys’ self-efficacy more by mastery experiences (Zeldin et al., 2008). 
This could relate to girls having less exposure to learning experiences in STEM 

areas than boys and therefore having less opportunity for mastery experiences 
(Master et al., 2017; Williams & Subich, 2006).  
 

Bandura (1977; 1997) also states that physiological arousal may interfere with 
self-efficacy development. This is relevant for stereotype threat, which is defined 

as a situational threat where negative stereotypes about ability, such as 
women’s STEM ability, can negatively affect the stereotyped groups (Steele 

1997; Steele & Aronson, 1995). Examples of the negative effects are temporary 
performance impairment on tests and a reduced ability to judge one’s own 
performance, which may explain why women develop lower self-efficacy for 

STEM (Aronson & Inzlicht 2004; Spencer et al., 2016; Tellhed & Adolfsson, 
2018). In addition to engineering self-efficacy, we also test for gender 

differences in stereotype threat in relation to engineering in this study. We 
expand previous research by investigating if the industry-financed STEM 
intervention increases women’s engineering self-efficacy and reduces their 

stereotype threat in relation to engineering.  
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Social Belongingness  
As mentioned, there has recently been an increased focus on another predictor 

of STEM interest, namely social belongingness, which the STEMO model 
emphasizes (Master & Meltzoff, 2020). Social belongingness is defined as the 

perception of fitting in socially with others (Baumeister & Leary 1995; Walton & 
Cohen 2007). For the context of this study, we measure the extent to which 
students expect to fit in socially with their classmates if they choose to study an 

engineering program. Girls typically expect to have lower social belongingness in 
relation to STEM educations than boys (Tellhed et al., 2017). This may be due to 

the dominance of men in STEM and to perceptions of what a STEM person is like. 
Studies have found that women feel lower belongingness when they are 
numerically underrepresented (Schuster & Martiny, 2017) and when their 

ingroup is negatively stereotyped in the field (Cheryan et al., 2017). For 
example, previous research has shown that it is a common perception that STEM 

is for innately gifted white men (Cheryan & Plaut, 2010). Gender differences in 
social belongingness for STEM mediate gender differences in STEM interest 
(Good et al., 2012; Tellhed et al., 2017) and students who identify with STEM 

are more likely to choose a career in STEM (Hazari et al., 2010). A study by 
Wynn and Correll (2017) found that women’s sense of matching the cultural 

image of successful tech workers was a stronger predictor of their intentions to 
persist in tech companies than their sense of matching the skill stereotype of 

people succeeding in tech careers. In this study, we test for gender differences 
in social belongingness in engineering programs and expand previous research 
by investigating if the intervention raises women’s social belongingness. 

 
Communal Career Goals 

Next to engineering self-efficacy and social belongingness, the last factor we 
measure in this study in relation to engineering interest is communal career 
goals. As previously mentioned, GCP (Diekman et al., 2016) states that 

congruity is reached when goal endorsement, which indicates how important 
certain goals are to an individual, is met by goal affordance, that is to what 

extent the person believes that a certain career choice can fulfill these goals 
(Diekman et al., 2010; 2011; 2016). The theory differentiates between 
stereotypically masculine “agentic” goals, such as high status and a good salary, 

and stereotypically feminine “communal” goals, such as helping others and 
benefitting society. Previous research has shown that women tend to endorse 

communal career goals to a higher degree than men and perceive that these 
cannot be fulfilled well in engineering, which partially explains gender differences 
in STEM interest (e.g. Diekman et al., 2010; 2011; 2016). In a recent study in 

Sweden, a gender difference in communal career goals explained part of a 
gender difference in STEM choice but was a less important mediator compared to 

a gender difference in ability beliefs (Tellhed et al., 2018). 
 
Research shows that explaining how communal career goals can be fulfilled in 

STEM careers may raise women’s interest in STEM (Brown et al., 2015; Diekman 
et al., 2011), especially among women with limited experience of the field 

(Diekman et al., 2016). In this study, we test for gender differences in 
communal career goal endorsement in engineering. We also contribute to the 
field by investigating if the industry intervention raises perceptions of communal 

goal affordance in engineering. Several studies have investigated career goals in 
combination with either self-efficacy (e.g. Diekman et al., 2010) or social 
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belongingness (Hazari et al., 2010), but it is uncommon to include all three 
factors, which we aim to do in this study.  

 
The Focus of this Study 

Many STEM employers have realized that they need to attract many more 
women to secure their future workforce. One such example is the public water 
sector in Sweden, which works closely with schools to offer teaching materials 

and study visits as well as longer interventions. The intervention we focus on in 
this study is the course Think H2O. It is a two-day outdoors interdisciplinary 

course for high school students, which aims to increase teenagers’ awareness of 
water and sustainability issues and increase their interest in a career in the 
water sector. It has been designed by the Swedish water sector and has been 

running for the past 9 years.  
 

The aim of this study is to examine the interventions’ effectiveness at raising 
specifically women’s interest in studying engineering as well as examining the 
factors and mediators that can explain gender differences in interest. Empirically 

testing industry interventions is important, to learn about their effectiveness in 
changing beliefs about STEM, and how they may be improved by relying on 

psychological theory regarding what shapes career interest and gender 
differences in it. 

 
We focus on the effect the intervention has on women, since women are 
underrepresented in engineering. However, we will also study the effect the 

intervention may have on young men’s beliefs about engineering, since both 
men and women attend Think H2O. Most of our participants will be enrolled in 

the natural science program in high school. Official statistics show that 
engineering is the most common choice of university program for men in the 
natural science high school program (54% make this choice, Skolverket, 2014). 

In contrast, only 28% of women in the natural science program later chose 
engineering for university (Skolverket, 2014). We therefore expect the young 

men in this study to have quite high interest in engineering already before the 
intervention. Results from previous studies of how STEM interventions affect 
boys’ and men’s STEM interest have been inconclusive. Some found positive 

effects of interventions and others did not (Cheryan et al., 2011; Walton et al., 
2015).  

 
To conclude, we formulate the following hypotheses: 

1. Women will have a) lower interest, b) lower self-efficacy, and c) lower 

social belongingness, and d) higher stereotype threat than men in relation 
to engineering. e) Women will also rate higher on communal career goal 

endorsement than men. 
2. Gender differences in a) self-efficacy, b) social belongingness and c) 

communal career goal endorsement will mediate gender differences in 

interest in engineering. 
3. Post intervention, women will show a) higher self-efficacy, b) higher social 

belongingness, and c) higher communal career goal affordance, and d) 
lower stereotype threat in relation to engineering, and e) higher interest 
in engineering as compared to pre-intervention and to a comparison 

group. 
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METHOD 
Participants and Procedure 

Participants were 722 Swedish high school students aged 16-20 (M = 17.15, SD 
= .49). Of those, 316 identified as men, 403 as women. One participant 

identified as “other” and two did not disclose their gender. Since gender was the 
focus of the analyses, they were therefore excluded. In Sweden, students 
choose a program focus for high school and the majority had chosen natural 

science (71.1%) or social science programs (20.7%).  
 

We recruited participants by contacting nine schools that had received 
scholarships for the course Think H2O and invited them to take part in the study. 
Eight schools accepted with 29 classes in total. We then recruited a comparison 

group consisting of 18 classes in the same school years that did not attend the 
course Think H2O. See Table 1 for a breakdown of participant demographics by 

experiment group.  
 
Table 1 

Participant Demographics by Experiment Group 
 

Variable 
Intervention group 

n = 470 
Comparison group 

n = 249 

Gender (women, n (%)) 279 (59.4%) 124 (49.8%) 
Age (M (SD)) 17.1 (0.40) 17.3 (0.61) 

Program    
   Natural Science 351 (74.7%) 160 (64.2%) 
   Social Science 80 (17.0%) 69 (27.7%) 

   Economics 6 (1.3%) 20 (8.0%) 
   Aesthetics 32 (6.8%) 0 (0.0%) 

   Technical 1 (0.2%) 0 (0.0%) 

Note. M = mean, SD = standard deviation 

 
The study design was longitudinal quasi-experimental, comparing measurements 
at three different time points as well as comparing an intervention to a 

comparison group. The students in the intervention condition answered a survey 
in class two weeks before their visit to the course Think H2O (T1). They filled out 

the second survey at the end of the two-day course on site (T2) and the follow-
up survey in class, three months after the course (T3). Participants in the 

comparison condition answered all three surveys in class in similar time 
intervals. Completing the survey took approximately 7 minutes.  
 

Ethical Considerations 
The study follows Swedish law for research (SFS 2003:460). We collected 

informed consent from all participants and informed them that participation was 
voluntary and that they could withdraw at any time. Each participant created 
their own unique code, enabling analysis of within-participant intervention 

effects while protecting their anonymity. We informed participants that the study 
investigated interest in technology-focused university programs, but not that 

gender was part of the analysis, to avoid priming effects. 
 
Materials 

Intervention. The intervention was the two-day interdisciplinary course Think 
H2O, which is organized yearly at a lake in the south of Sweden by a local water 
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company (https://sydvatten.se/for-skolor/stipendiet-tank-h20/). The course 
teaches high school students about water and sustainability issues and local 

teachers can apply for a scholarship to attend it. During the course, students 
participate in ten workshops, labs and lectures that educate on the hydrological 

cycle, insects and plants in the water, political conflicts in connection with water, 
virtual water, careers in the water sector, and how tap water is produced. 
Among other things, students build models of water flow dynamics using 

different materials, examine water samples and insects under a microscope, and 
brainstorm solutions for conflicts of interest between industry and environmental 

concerns. Figure 1 shows images from the course. The participants spend all day 
outdoors, cook their own dinner over an open fire and sleep in dorms on the 
campground. The goal of the course is to increase knowledge, stimulate 

students’ creativity and problem-solving ability and raise their interest in water 
issues as well as for career options in the water sector, including engineering.  

 
Figure 1 
Impressions from the Course ‘Think H2O’ 

a) Receiving instructions, b) Testing the quality of water samples, c) Identifying 
insects under a microscope, d) Learning about risks of water contamination. 
 

 
a) 

 
b) 

 
c) 

 
d) 

https://sydvatten.se/for-skolor/stipendiet-tank-h20/
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Questionnaire. The questionnaire measured interest in studying engineering at 
university level, engineering self-efficacy, social belongingness in engineering, 

stereotype threat, communal and agentic career goal endorsement, and 
perceived goal affordance of engineering jobs. Participants were given the 

following instructions “Engineering programs and professions exist in many 
different varieties, for example electrical engineering, civil engineering, chemical 
engineering, biotechnology, mechanical engineering and environmental 

engineering. When you answer the following questions, think of the type of 
engineering program that you would be most interested in.” Participants rated all 

items on Likert scales ranging from “not at all” (1) to “very much” (5).  
 
We measured interest in engineering with three items adapted from Tellhed et 

al. (2017) and Lent et al. (2001). The items were developed within the SCCT 
paradigm (Lent & Brown, 2006) and have been used in a Swedish context 

previously (Tellhed et al., 2017). Questions included how interested students 
were in studying an engineering program at university. Cronbach’s alpha was 
.928 at T1, .934 at T2 and .939 at T3. We measured engineering self-efficacy 

with three items, including how confident students were that they could pass 
such a program with the highest or second highest grade. Items were adapted 

from previous studies (Lent et al., 2001; Mamaril, 2014; Tellhed et al., 2017). 
The items had an internal reliability of  = .849 at T1, .873 at T2 and .893 at T3. 

We measured social belongingness in engineering with three items, including 

how well students expected to fit in socially with their classmates if they studied 
an engineering program. The items were adapted from Lent et al. (2001) and 

Walton and Cohen (2007) and had an internal reliability of  = .859 at T1, .871 

at T2, and .908 at T3. To measure career goal endorsement, we used Diekman 
et al.’s well-established goal endorsement scale (Diekman et al., 2011; 2016), 

translated into Swedish by Tellhed et al. (2018). The scale consists of 15 items 
measuring agentic goal endorsement (e.g. high salary) and 10 items measuring 

communal endorsement (e.g. helping others). We measured goal endorsement 
only at T1, since we did not expect change in this measure. Internal reliability 
for agentic goals was  = .883 and for communal goals  = .849. In line with 

Diekman et al. (2011), we measured communal and agentic goal affordance with 
one item each, asking to what extent respondents believed that an engineering 
degree leads to jobs that could fulfill such goals. Lastly, we measured stereotype 

threat with three items adapted from Lent et al. (2001) and Tellhed et al. (2017) 
with an internal reliability of  = .845 at T1, .865 at T2, and .879 at T3. Items 

included how likely students expected teachers and classmates to have 
preconceptions or treat them unfairly because of their gender. 
 

Outline of the Statistical Analysis 
The data were analyzed using jamovi version 2.2.5 (The jamovi project, 2021) 

and R version 4.1.0 (R Core Team, 2021) including the PROCESS macro for R 
version 4.1 (Hayes, 2022). For Hypothesis 1, we analyzed baseline gender 
differences using independent sample t-tests in jamovi. For Hypothesis 2, we 

conducted a hierarchical multiple linear regression analysis in R to test for 
mediation and estimated indirect effects using bootstrapping in the PROCESS 

macro. For Hypothesis 3, we ran linear mixed model analyses in jamovi using 
the GAMLj module. 
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RESULTS 
Preparatory Analyses 

Only participants who identified as either men or women were included in the 
analysis. We included all participants who took part in all three measurements, 

even if they did not fill in all items on the survey. The final sample size was n = 
719. Eleven participants were identified as multivariate outliers with a 
Mahalanobis distance significant at p < .001 (Tabachnick & Fidell, 1996). 

However, we retained them, since excluding them did not change the pattern of 
results. There was only one univariate outlier on communal career goal 

endorsement and we deleted their score on that variable. Assumptions of 
multivariate normality were fulfilled. Assumptions of homogeneity of variances 
were fulfilled for all variables except communal career goal endorsement and 

affordance and stereotype threat. 
 

The comparison group was significantly different from the intervention group in 
terms of gender (χ2(1) = 6.04, p = .014) and program distribution (χ2(4) = 
49.49, p < .001, see Table 1). Furthermore, the men in the intervention group 

had higher interest at baseline than the men in the comparison group (t(314) = 
2.93, p = .004, see Table 2). There were no significant baseline differences (T1) 

for women between the groups. However, there were significant differences 
between programs, with students in the natural science program and technical 

program scoring significantly higher on engineering self-efficacy (F(4, 2142) = 
99.19) social belongingness, (F(4, 2137) = 117.00), and interest in engineering 
(F(4, 2142) = 193.40, all ps < .001). 

 
Gender Differences 

Independent sample t-tests showed expected baseline (T1) gender differences in 
all relevant variables, supporting Hypothesis 1. Women had lower engineering 
self-efficacy (t(717) = -7.16), social belongingness (t(715) = -8.79), and 

interest in engineering (t(717) = -7.89) than men. Women also rated higher on 
stereotype threat (t(713) = 12.14) and communal career goal endorsement 

(t(713) = 6.05, all ps < .001) than men. See Table 2 for mean scores. 
 
Table 2 

Mean Scores (and Standard Deviations) for Each Group and Timepoint 
 

Variable (M(SD)) 

Intervention 
Women 

n = 279 

Intervention 
Men 

n = 191 

Comparison 
Women 

n = 124 

Comparison 
Men 

n = 125 

Self-efficacy  

   T1  2.41 (0.87) 3.00 (0.95) 2.47 (0.95) 2.82 (1.02) 
   T2 2.65 (0.96) 3.15 (0.90) 2.51 (0.97) 2.94 (1.06) 
   T3 2.56 (0.96) 3.21 (0.96) 2.62 (0.97) 2.95 (1.02) 

Belongingness 
   T1 2.62 (0.80) 3.15 (0.78) 2.58 (0.74) 3.07 (0.75) 

   T2 2.74 (0.86) 3.24 (0.81) 2.60 (0.78) 3.02 (0.81) 
   T3 2.65 (0.87) 3.32 (0.83) 2.69 (0.77) 3.10 (0.83) 
Agentic goal  

  endorsement (at T1) 

 

3.19 (0.61) 

 

3.40 (0.67) 

 

3.29 (0.58) 

 

3.43 (0.67) 
Communal goal  

  endorsement (at T1) 3.70 (0.64) 3.41 (0.68) 3.75 (0.55) 3.43 (0.74) 
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Communal goal 

   affordance 
   T1 

 

 
2.95 (0.85) 

 

 
3.02 (0.86) 

 

 
2.98 (0.89) 

 

 
3.11 (0.93) 

   T2 3.19 (0.98) 3.25 (0.86) 2.98 (0.90) 3.01 (0.95) 

   T3 2.97 (0.96) 3.20 (0.85) 3.10 (0.84) 3.11 (1.00) 
Stereotype threat 

   T1 2.02 (0.80) 1.36 (0.58) 1.97 (0.75) 1.36 (0.56) 
   T2 1.89 (0.81) 1.35 (0.65) 1.86 (0.69) 1.43 (0.65) 
   T3 1.94 (0.81) 1.32 (0.58) 1.85 (0.70) 1.36 (0.62) 

Interest  
   T1 2.24 (1.08) 3.09 (1.14) 2.31 (1.14) 2.69 (1.21) 

   T2 2.31 (1.10) 3.08 (1.14) 2.28 (1.13) 2.66 (1.22) 
   T3 2.19 (1.10) 3.02 (1.18) 2.27 (1.17) 2.61 (1.26) 

Note. T1 = baseline, T2 = post intervention, T3 = three months follow-up,  
M = mean, SD = standard deviation 
 

Mediation 
Next, we tested whether self-efficacy, social belongingness and communal 

career goal endorsement mediate the gender differences in engineering interest 
(Hypothesis 2). We conducted a hierarchical multiple linear regression analysis 
to test for mediation. We included participants’ high school program as a 

covariate due to significant baseline differences between the programs. For this 
analysis, we coded it as a binary factor, grouping natural science and the 

technical program as “STEM” and social science, economics and aesthetics as 
“non-STEM”. We entered gender and high school program at the first step, which 
accounted for 30.2% of the variance (F(2, 2107) = 454.7, p < .001). Since 

previous research has found evidence supporting either self-efficacy or 
belongingness to be the stronger predictor of interest, we added both variables 

at the same time as step 2. This increased the variance explained by the model 
to 51.6% (F(2, 2105) = 560.5, p < .001). We added communal career goal 
endorsement as step 3. The whole model explained 51.9% of the variance in 

interest (F(5, 2104) = 454.3, p < .001). Even though the increase in R2 was only 
marginal, the model improvement was statistically significant (p < .001).1 All 

included variables were significant predictors of engineering interest (see Table 
3) with belongingness being the strongest predictor (β = .480). 

 
Table 3 
Hierarchical Regression Analysis Predicting Engineering Interest  

 

Predictor B SE (b) t p β 

Intercept 1.752 0.164 10.699 < .001  
Gender  

   woman – man 
-0.133 0.039 -3.400 < .001 -0.055 

Program 

   non-STEM – STEM* 
-0.684 0.045 -15.275 < .001 -0.260 

Belongingness 0.669 0.027 25.169 < .001 0.480 

Self-efficacy 0.119 0.022 5.349 < .001 0.099 
Communal goal 

   endorsement 
-0.106 0.028 -3.849 < .001 -0.060 

* Program: STEM = natural science, technical; non-STEM = social science, 

economics, aesthetics 
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We estimated indirect effects using bootstrapping by the PROCESS macro. We 
tested parallel mediation with model 4 (Hayes, 2022). The total effect of the 

model was significant (b = -.515, CI [-.601, -.428], p < .001). There were 
significant indirect effects of social belongingness, self-efficacy and communal 

career goal endorsement (see Table 4). Contrasts showed that the indirect effect 
of belongingness was significantly stronger than that of self-efficacy (Contrast 1) 
or communal goal endorsement (Contrast 2), but those two did not differ 

significantly (Contrast 3). Since the direct effect of gender was still significant (b 
= -.133, CI [-.210, -.056], p < .001) this was a partial mediation. Hypothesis 2 

was supported. 
 
Table 4 

Indirect Effects of the Mediators on Engineering Interest  
 

 b SE (b) LLCI* ULCI* 

Total -0.382 0.028 -0.437 -0.328** 

Belongingness -0.302 0.025 -0.352 -0.254** 
Self-efficacy -0.049 0.010 -0.071 -0.030** 

Communal goal  
   endorsement 

-0.031 0.009 -0.049 -0.015** 

Contrast 1  0.253 0.027  0.201  0.308** 

Contrast 2  0.272 0.027  0.219  0.324** 
Contrast 3   0.019 0.014 -0.008  0.046 

*LLCI and ULCI indicate the lower limit and upper limit of the 95% confidence 
interval (CI). ** Significant as CI does not include zero.  

 
Effects of the Intervention 
To test Hypothesis 3, we ran linear mixed model analyses. We ran separate 

models for the dependent variables self-efficacy, social belongingness, 
stereotype threat, communal career goal affordance and interest. For each 

model, we included condition, time point and gender as fixed factors as well as 
interactions between all three. We included participant as random effect and 
program as a covariate. We used a Satterthwaite method to compute the 

degrees of freedom. 
 

Self-Efficacy. To test Hypothesis 3a, that women have higher engineering self-
efficacy after the intervention as compared to before, and as compared to the 

comparison group, we tested a model with self-efficacy as the dependent 
variable. There was a significant interaction effect of condition*time 
point*gender (F(2, 1421) = 3.48, p = .031). The model explained 13% of the 

variance. Post-hoc tests showed that women’s self-efficacy increased 
significantly after the intervention (T2) (t(1421) = -6.47, p < .001, d = -.39) 

and remained significantly higher than baseline (T1) at the follow up measure 
(T3) (t(1420) = -4.08, p < .001, d = -.24). Their self-efficacy was significantly 
higher than that of the comparison group at T2 (t(988) = 2.0, p = .046, d = 

.15) but not at T3 (p = .977) due to an unexpected increase for the comparison 
group (see Table 2). For women in the comparison group, self-efficacy did not 

increase at T2 (p = .538) but did increase at T3 (t(1420) = -2.60, p = .009, d = 
-.23). Men’s self-efficacy also increased from T1 to T2 (t(1422) = -3.27, p = 
.001, d = -.25) and to T3 (t(1420) = -4.77, p < .001, d = -.32). However, for 

men in the comparison group, self-efficacy also significantly increased from T1 
to T2 (t(1420) = -1.97, p = .049, d = -.18) and to T3 (t(1420) = -2.17, p = 



International Journal of Gender, Science and Technology, Vol.14, No.2 

219 
 

.030, d = -.17). Therefore, the two groups did not differ significantly from each 
other at T2 (p = .240) or T3 (p = .089). Results can be seen in Figure 2. 

Hypothesis 3a was supported. 
 

Figure 2 
Estimated Marginal Means for 
Engineering Self-Efficacy 

Figure 3 
Estimated Marginal Means for Social 
Belongingness 

  
 

Social Belongingness. To test Hypothesis 3b, that women have higher social 
belongingness in engineering after the intervention as compared to before, and 

as compared to the comparison group, we conducted a model with 
belongingness as the dependent variable. There was a significant interaction of 
condition*time point*gender (F(2, 1417) = 3.23, p = .04). The model explained 

17.9% of the variance. Women in the intervention group scored significantly 
higher at T2 (t(1417) = -3.26, p = .001, d = -.19) but their belongingness 

decreased back to baseline scores at T3 (p = .580). Consequently, they had 
higher belongingness than the comparison group at T2 (t(1085) = 2.31, p = 
.021, d = .17) but not at T3 (p = .991). Furthermore, women in the comparison 

group did not show higher belongingness at T2 (p = .714), but their 
belongingness increased at T3 (t(1415) = -2.15, p = .031, d = -.23). Men’s 

belongingness increased significantly at T2 (t(1418) = -2.09, p = .037, d = -.15) 
and even further at T3 (t(1416) = -3.94, p < .001, d = -.30). However, their 
belongingness was not significantly higher than that of the comparison group at 

T2 (p = .104) and T3 (p = .132). Men in the comparison group did not show 
higher belongingness at T2 (p = .342) or T3 (p = .461). See Figure 3 for results. 

Overall, these results support Hypothesis 3b, although the effects do not last at 
T3. 
 

Communal Career Goal Affordance. To test Hypothesis 3c, that women have 
higher beliefs that engineering careers can fulfill communal goals after the 

intervention as compared to before, and as compared to the comparison group, 
we tested a model with communal goal affordance as the dependent variable. 
There was a significant interaction of condition*time point (F(2, 1413) = 8.40, p 

< .001), but the model only explained 2.2% of the variance. In the intervention 
group, women’s perceived communal goal affordance increased significantly at 

T2 (t(1412) = -4.28, p < .001, d = -.25) but was reduced again at T3 (p = 
.718). It was significantly higher than that of the comparison group at T2 

(t(1533) = 2.43, p = .015, d = .23) but not at T3 (p = .274). Women in the 
comparison group did not show a change in communal goal affordance at T2 (p 
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= .920) or T3 (p = .187). Men’s scores increased at T2 (t(1417) = -3.18, p = 
.002, d = -.22) and remained significantly higher than baseline at T3 (t(1413) = 

-0.17, p = .013, d = -.17). However, their scores were not significantly different 
from the comparison group at T2 (p = .051) or T3 (p = .639). Men in the 

comparison group did not show a change in communal goal affordance at T2 (p 
= .282) or T3 (p = .860). See Figure 4 for results. Overall, these results support 
Hypothesis 3c, although the effects do not last at T3. 

 
Stereotype Threat. To test Hypothesis 3d, that women would have lower 

stereotype threat after the intervention as compared to before, and as compared 
to the comparison group, we tested a model with stereotype threat as the 
dependent variable2. The model explained 14.3% of the variance. There was a 

significant interaction of gender*time point (F(2, 1407) = 3.84, p = .022), but 
no three-way interaction with condition (p = .628). This indicates a significant 

decrease for women after the intervention, but the same pattern was true for 
the comparison group. In the intervention group, women’s stereotype threat 
significantly decreased at T2 (t(1406) = 3.03, p = .003, d = .18) but slightly 

increased again at T3 to marginally significantly different from baseline (T1) 
(t(1405) = 1.92, p = .055, d = .11). In the comparison group, women’s 

stereotype threat was marginally reduced at T2 (p = .054) and significantly 
reduced at T3 (t(1402) = 2.17, p = .030, d = .18). The groups did not differ 

significantly at T2 (p = .692) or T3 (p = .267). Men’s scores did not change over 
time in the intervention group (p = .768 at T2, p = .329 at T3) or in the 
comparison group (p = .240 at T2, p = .928 at T3), or differ between groups at 

any point (p = .382 at T2, p = .698 at T3) (see Figure 5). This was expected, 
since men should not be affected by stereotype threat in engineering due to 

their gender. Hypothesis 3d was partly supported. 
 
Figure 4 

Estimated Marginal Means for 
Communal Career Goal Affordance 

Figure 5 

Estimated Marginal Means for 
Stereotype Threat 

  
 
Interest. Lastly, we tested Hypothesis 3e, that women would have higher 

engineering interest after the intervention, as compared to before, and as 
compared to the comparison group, with a model with interest as the dependent 

variable. The model explained 20% of the variance. There were significant main 
effects for condition, time point and gender, but the interaction between 

condition and time point was not significant (p = .251) (see Figure 6), so the 
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intervention did not have a significant effect on participants’ interest. Hypothesis 
3e was therefore not supported. 

 
Figure 6 

Estimated Marginal Means for Engineering Interest 

 
 
DISCUSSION 
Engineering is still dominated by men and this study evaluated if an industry-

financed intervention could raise young women’s interest in engineering, through 
increases in self-efficacy, social belongingness, and perceived communal career 

goal affordance. We also evaluated if the intervention could lower women’s 
stereotype threat for engineering, since that may keep also highly interested 
women from choosing this career path. 

 
Mediation of Gender Differences in Engineering Interest 

As predicted, the results showed that men were more interested in engineering 
than women and that gender differences in social belongingness, self-efficacy 
and communal career goals could explain (statistically mediate) this difference. 

Social belongingness was the strongest mediator in this study, which is in line 
with findings from the US (Cheryan & Plaut, 2010) and supports the recent 

STEMO model (Master & Meltzoff, 2020), that emphasizes the importance of 
social belongingness for explaining gender differences in STEM interest. 
However, this result contrasts a previous study in Sweden, where self-efficacy 

was a stronger mediator than belongingness of a gender difference in a broader 
sense of STEM interest, in a representative sample of similar-aged participants 

(Tellhed et al., 2017). This difference may relate to the fact that the majority of 
participants in the present sample have already chosen a STEM program for high 
school (natural science) or that the present study measured particularly 

engineering, while the previous study had a broader STEM approach. Further, 
women had higher communal career goals than men in this study, and these 

contributed to mediate the gender differences in engineering interest. This 
finding corroborates previous studies and supports the goal congruity 
perspective (e.g. Diekman et al., 2010; 2011; 2016; Tellhed et al., 2018). In 

this study, self-efficacy and communal career goals were similarly strong 
mediators of interest, contrary to previous findings from Sweden, where ability 

beliefs were the more important factor (Tellhed et al., 2018). However, the 
participants in the present study were older than in the previous study, which 

may explain why career goal considerations were more impactful in the present 
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study. Our study thus implies that the women’s lower interest in engineering, as 
compared to the men’s, was explained by the fact that the women were less 

certain that they would fit in socially in an engineering program, that they had 
the necessary skills to succeed in it, and that engineering careers would fulfill 

their communal career goals. 
 
The Intervention’s Effect on Women 

The results supported the hypotheses that the Think H2O intervention would 
raise women’s engineering self-efficacy, social belongingness, and perceived 

communal career goal affordance in engineering and reduce associated 
stereotype threat. Although the effect sizes were small, these are promising 
results, and they suggest that industry-designed interventions can have 

beneficial effects on women’s beliefs about engineering. Reviews of previous 
interventions have shown varied effects, with interventions sometimes even 

worsening women’s STEM perceptions (e.g. Betz & Sekaquaptewa, 2012). This 
industry-designed intervention focused on water and sustainability issues and 
not specifically on engineering. This implies that adapting the intervention to a 

more tailored focus on engineering could possibly strengthen it to improve 
beliefs about engineering even further, which we discuss in more detail below. 

 
We tested the effect of the intervention as a whole and could therefore not 

disentangle what components of the intervention particularly raised engineering 
self-efficacy and social belongingness in women, which were both mediators of 
gender differences in interest. A speculation is that the increases were related to 

the students having STEM-related mastery experiences from the intervention’s 
practical activities and from meeting several female STEM role models (leaders 

and teachers) in the two-day intervention. Social cognitive theory (Bandura, 
1977; 1997) points to the importance of mastery experiences as well as role 
models (vicarious experience) for self-efficacy development. Further, both 

STEMO (Master & Meltzoff, 2020) and the stereotype inoculation model 
(Dasgupta, 2011) emphasize the significance of role models for belongingness.   

 
As is the case in most intervention research, most of the effects were reduced at 
the follow-up measure three months later. However, women’s self-efficacy 

remained increased, as compared to the pre-measure, at the follow-up measure. 
This was the strongest effect of the intervention. This is promising, since self-

efficacy has been identified as a key factor keeping women out of STEM (Eccles 
& Wang, 2016; Hackett, 1995; Lent & Brown, 2019; Master & Meltzoff, 2020; 
Rottinghaus et al., 2003; Tellhed et al., 2017, 2018; Watt, 2010). 

 
There were some unexpected changes in the comparison group. Women in the 

comparison group showed no changes at the second time point (T2) but had 
higher self-efficacy and social belongingness as well as lower stereotype threat 
at the three months follow up measure (T3). This unexpected result could 

speculatively suggest that repeatedly answering questions about engineering 
could influence answers. Alternatively, since the classes in the comparison group 

had applied to attend Think H2O but did not receive a scholarship, it is possible 
that teachers did other STEM activities in class as a substitute for taking part in 
the intervention.  

 
Despite the intervention raising women’s engineering self-efficacy, social 

belongingness, and perceptions that engineering can afford communal career 
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goals, it did not raise women’s interest in engineering. This was unexpected, 
since these factors are described as predictors of career interest and career 

choice in SCCT (Lent et al., 1994), EEVT (Eccles, 1987; 1994), SEVT (Eccles & 
Wigfield, 2020), STEMO (Master & Meltzoff, 2020) and the goal congruity 

perspective (Diekman et al., 2016). Social belongingness was very strongly 
related to women’s engineering interest in this study and self-efficacy and 
communal career goal affordance were also moderately related to interest. This 

perhaps suggests that stronger increases in these factors might be necessary to 
raise women’s engineering interest. Also, as previously mentioned, to increase 

engineering interest, one may have to design the intervention to concern 
engineering more explicitly than was the case in this intervention, which had a 
more interdisciplinary STEM focus on water issues. Furthermore, girls’ interest in 

engineering has been shown to decrease with age (Sadler et al., 2012) and a 
large study by the Microsoft Corporation suggests that it drops significantly 

between 15 and 16 years of age (Microsoft Corporation, 2017). Interventions 
aiming to raise interest could therefore be more effective if they target younger 
girls. 

 
The Intervention’s Effect on Men 

Although the focus of this study was on investigating the impact of the 
intervention on women, we also explored its effect on men. The results showed 

that like for women, the intervention raised self-efficacy, social belongingness 
and communal career goal affordance in engineering for men. Further, contrary 
to the effects for women, who only showed long-term increases in self-efficacy, 

men’s increases as compared to baseline remained significant at the three 
months follow-up measure for all three factors. Therefore, it appears that the 

intervention had a more durable impact on men than on women. However, the 
men’s results should be interpreted with caution, since the men in the 
comparison group also showed increases in these factors over time, for unknown 

reasons.  
 

It is possible that STEM interventions may benefit men’s long-term beliefs about 
engineering more than women’s, since men are generally more interested in 
engineering than women and may therefore be more susceptible to STEM-

related information. Alternatively, women’s beliefs about engineering may be 
less durable after an intervention than men’s, since women may encounter 

messages that “Engineering is for men” after the intervention. Future research 
may want to explore these possibilities through interviewing students at a 
follow-up measure after an intervention. 

 
Limitations and Future Research 

This study’s design was unusually strong for intervention research, by including 
both pre- and follow-up measures and by including a comparison (control) 
group, which did not attend the intervention. However, there were limitations in 

the design due to the applied nature of the study.  
 

First, we could not randomize participants to the intervention versus the 
comparison group since we were limited to recruiting participants from school 
classes where the teacher had applied to the intervention. We tried to match the 

participants in the comparison group to the intervention group by recruiting 
classes in the same high schools which had either not applied to the intervention 

or had applied but had not received the scholarship. Because of this limitation, 
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the comparison group was smaller than the intervention group, had a higher 
proportion of women, and the specific high school program distribution (STEM vs 

non-STEM programs) varied between the intervention and the comparison 
group. As mentioned, this limitation makes especially interpretations of the 

men’s results difficult. The men in the intervention group had higher interest in 
engineering than the comparison group at the baseline measure, which impedes 
interpretations of the intervention effects. Perhaps the men in the intervention 

group had higher engineering interest initially because more participants in the 
intervention group had already chosen to study science in high school. We 

encourage future studies to find methods to better randomize intervention 
participants, although this generally is a challenge for evaluations of industry-
designed interventions.  

 
Second, a problem with all intervention studies is demand effects, where 

participants provide responses that comply with the perceived hypothesis. There 
were some significant changes in the comparison group from T1 to T3. This 
could also be a demand effect of repeatedly answering surveys about 

engineering. We therefore encourage replications with a placebo control group or 
adding implicit measures, which are more resistant to such effects. 

 
Third, investigating the effects of existing industry-designed interventions aimed 

at school students is important, especially since some interventions have 
negative effect on students’ STEM perceptions (e.g. Betz & Sekaquaptewa, 
2012). However, investigating an already existing intervention means that 

researchers have no influence over the intervention components. We encourage 
future collaborations between the industry and researchers to find out how 

interventions can be strengthened to maximize their effect, based on 
psychological theory. As Unrau et al. (2018) point out, tapping into multiple 
sources of self-efficacy when designing interventions, such as including mastery 

experience, social persuasion and using role models, increases their impact. 
Since women tend to underestimate their abilities (Cadaret et al., 2017), 

feedback and encouragement about their engineering potential could also further 
increase their self-efficacy. To make intervention effects last longer, future 
studies may also want to provide a boost or reminder after some period of time. 

Furthermore, we encourage future studies to include a qualitative component to 
provide a more comprehensive picture of how interventions affect students. 

 
Suggestions for the Industry  
This study shows that scientifically evaluating STEM interventions is important, 

especially for interventions created by the industry that run for several years, 
reach large numbers of students, and may possibly have a real impact on their 

life. Unfortunately, this is rarely done or done poorly, for example without 
including a pre-intervention baseline measure or a control group (Valla & 
Williams, 2012). Several previous studies have shown how difficult it is to design 

effective interventions, because they can also backfire. For example, studies 
using role models may sometimes have negative effects on women’s self-

efficacy and interest (Betz & Sekaquaptewa, 2012; Rudman & Phelan, 2010).  
 
A cooperation between industry and research could therefore help these types of 

industry interventions, for example by collaborating with psychologists to 
improve the interventions and make them more tailored and effective at fulfilling 

the goal of raising interest in STEM careers, such as engineering. If the aim is to 
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increase women’s self-efficacy, social belongingness and interest in engineering, 
we suggest including elements based on Bandura’s (1977; 1997) theory of 

sources of self-efficacy as well as the more recent STEMO model (Master & 
Meltzoff, 2020) which discusses determinants of belongingness. Drawing on 

these models, the intervention should allow students to get successful 
performance experience in the domain, meet several non-stereotypical and 
relatable role models and be encouraged for their efforts. In addition, measures 

should be taken to reduce women’s stereotype threat by for example describing 
gender similarity in cognitive abilities related to engineering (Hyde et al., 2019) 

rather than affirming gender stereotypes (Liu et al., 2021; Sparks, 2016; 
Spencer et al., 2016; Spitzer & Aronson, 2015). To achieve longer lasting effects 
of interventions like this one, collaboration with schools could be increased. 

Teachers applying for the course could be encouraged to follow up the 
intervention in school, to boost or maintain its effects over time. Further, staying 

in touch with previous participants, for example via social media or newsletters, 
to remind participants of their experiences at the intervention, may be helpful. 
 

Our study was conducted on one specific intervention run by the Swedish water 
sector. However, the results concern basic psychological processes behind which 

factors can raise self-efficacy and social belongingness, which according to 
theory should in turn increase interest. In line with Bandura’s theory (1977; 

1997), it is possible that the intervention increased self-efficacy because the 
students had mastery experiences during the intervention’s activities and met 
role models from the sector, which may have also contributed to raising their 

social belongingness. These processes should be generalizable to other contexts 
and STEM fields. 

 
Summary and Conclusion 
This study showed that an industry-designed STEM intervention raised women’s 

engineering self-efficacy, social belongingness and perceived communal career 
goal affordance for engineering careers, although most of the effects were only 

short term. Future research should investigate ways to strengthen the effects 
and make them last longer. The findings are promising for companies designing 
similar types of interventions as well as policy makers invested in improving the 

gender balance in engineering. 
 

ENDNOTES 
1 Since communal goal endorsement did not fulfill the assumption of 
homogeneity, we also conducted a robust regression analysis. The results 

showed the same pattern as the least squares regression in Table 3.  
2 The assumption of homogeneity of variances was violated for stereotype 

threat. This was due to men’s low variance in scores, which was expected, since 
men typically do not experience stereotype threat based on gender. However, 
we still conducted the analysis since gender differences were not the focus of 

this specific analysis. 
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