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Abstract

The growing demand for highly qualified professionals in science, technology, engineering, and
mathematics (STEM) has intensified concerns about persistent gender inequalities along educational and
professional pathways. Despite sustained policy efforts, significant gender gaps remain in STEM education,
particularly in engineering and information and communication technologies (ICT), with direct
implications for labour market outcomes and wage structures in the technology sector. Understanding the
drivers of these disparities is essential for designing effective interventions. This study examines gender
inequality across the STEM pipeline, linking higher education choices to labour market outcomes, with a
specific focus on ICT-related fields. First, a descriptive analysis is conducted using secondary data to assess
gender gaps in STEM degrees at the European level, with particular attention to Spain and the Universitat
Politécnica de Valéncia (UPV). Results confirm a pronounced under-representation of women in STEM
programmes, especially in ICT degrees, which cannot be explained by differences in academic
performance. Second, to investigate the determinants of students’ engagement with STEM studies, an
original questionnaire was developed based on an extensive literature review. The survey captures key
individual, social, and institutional factors, such as interest, self-efficacy, aspirations, stereotypes, parental
support, and teacher encouragement, that may influence STEM educational decisions. The final sample
consists of 151 undergraduate students from the Universitat Politécnica de Valéncia. Data are analysed
using structural equation modelling techniques PLS-SEM, drawing on validated theoretical frameworks.
The findings indicate that gender disparities in STEM education translate into unequal participation in the
technology labour market, where women occupy approximately 28% of STEM-related jobs in Spain, and
less than 20% of ICT positions. While a gradual reduction in the gender pay gap is observed, occupational
segregation remains substantial. The multi-group analysis reveals notable gender-specific effects: parental
and teacher support play a more decisive role for women in shaping STEM career aspirations, whereas
beliefs about the STEM sector exert a stronger influence on women’s interest levels compared to men.
Contrary to expectations, some hypotheses, such as the direct impact of gender stereotypes on aspirations,
are not significant. Overall, the results highlight the importance of early social support mechanisms and
institutional interventions in addressing gender inequality in STEM education and ICT careers, contributing
to evidence-based policy discussions aligned with SDG 4 and SDG 5.
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1. Introduction

The rapid digital transformation of modern economies has significantly increased the demand for
highly qualified professionals in science, technology, engineering, and mathematics (STEM). These
disciplines are widely recognised as key drivers of innovation, productivity, and economic competitiveness
(European Commission, 2025). However, despite the growing importance of STEM skills, persistent gender
disparities remain along the educational and professional pathways associated with these fields. Women
continue to be underrepresented in many STEM disciplines, particularly in engineering and information
and communication technologies (ICT), which limits both individual career opportunities and the diversity
of talent available to the labour market.
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At the European level, women represent nearly half of tertiary education graduates but remain
significantly underrepresented in STEM programmes. According to European Comision, women account
for approximately 32% of STEM graduates in the European Union, with even lower participation rates in
ICT fields. The gender imbalance is particularly pronounced in engineering and computer science
programmes, where women often represent less than one quarter of enrolled students. These disparities
extend beyond higher education and are reflected in labour market outcomes. In Spain, women represent
only 17.5% of the employed population with STEM education, highlighting the persistent
underrepresentation of women in these areas (ONTSI, 2025). Such imbalances have important implications
for innovation capacity, economic growth, and the achievement of gender equality goals.

The persistence of gender gaps in STEM has generated extensive research aimed at identifying the
factors that influence students’ educational choices and career aspirations. Previous studies have shown
that these disparities cannot be fully explained by differences in academic performance or cognitive ability
(Ceci et al., 2014; Wang and Degol, 2017). Instead, a complex combination of psychological, social, and
contextual factors appears to shape students’ engagement with STEM disciplines. These factors include
individual interests, perceptions of competence, social expectations, exposure to role models, and support
from family and educational environments (Cheryan et al., 2017).

A widely used framework to explain career development processes is Social Cognitive Career
Theory (SCCT) (Lent et al., 1994, Lent and Brown, 1996). SCCT posits that individuals’ career interests,
goals, and choices are shaped by the interaction of self-efficacy beliefs, outcome expectations, and personal
goals within specific environmental contexts. Within the context of STEM education, students’ confidence
in their ability to successfully perform STEM tasks and their beliefs about the value and usefulness of
STEM careers are key determinants of their interest and intention to pursue these fields. Furthermore,
contextual influences such as parental encouragement, teacher support, and exposure to STEM activities
can reinforce or weaken these beliefs. In addition to cognitive and motivational factors, gender stereotypes
and social expectations may influence how students perceive STEM disciplines and their own capabilities
within them. Stereotypical beliefs that associate technical competence or mathematical ability with men
may discourage female students from considering STEM careers, particularly in male-dominated domains
such as engineering and computer science (Cheryan et al., 2017). Within this context, understanding the
determinants that shape students’ interest and aspirations toward STEM careers is essential for designing
effective educational and policy interventions aimed at reducing gender inequalities.

2. Conceptual analysis

2.1. Conceptual model
Based on SCCT (Lent et al., 1994, Lent and Brown, 1996), this study proposes a conceptual model
to explain students’ academic aspirations toward STEM degrees show in Figure 1.

Figure 1. Conceptual model of factors influencing students’ STEM academic aspirations.
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2.2. Research hypothesis

Based on Social Cognitive Career Theory (SCCT) and the literature review, the following
hypotheses are proposed:

H1. Parental support positively influences students’ beliefs about the value and importance of
STEM studies.

H2. Teachers’ support positively influences students’ beliefs about the value and importance of
STEM studies.

H3a. Students’ beliefs about STEM positively influence their intention to pursue STEM studies.

H3b. Students’ beliefs about STEM positively influence their perceived self-efficacy in
STEM-related subjects.
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H4. Students’ intention to pursue STEM studies positively influences their perceived self-efficacy
in STEM-related subjects.

HS. Gender stereotypes related to the STEM sector influence students’ academic aspirations
toward STEM degrees.

He. Students’ perceived self-efficacy in STEM-related subjects positively influences their
academic aspirations toward STEM degrees.

3. Research method

3.1. Statistical analysis

This study followed a two-step analytical approach using Partial Least Squares Structural Equation
Modelling (PLS-SEM). In the first stage, the measurement model was assessed to examine the relationships
between latent constructs and their observed indicators, as well as to evaluate the reliability and validity of
the measurement scales. Following the guidelines proposed by Hair et al. (2019), indicator reliability was
assessed by analysing the outer loadings of the indicators, which should ideally exceed the recommended
threshold of 0.70. Internal consistency reliability was evaluated using Cronbach’s alpha (o) and Composite
Reliability (CR), with acceptable values above 0.70. Convergent validity was assessed through the Average
Variance Extracted (AVE), which should be greater than 0.50 (Fornell and Larcker, 1981). In addition,
discriminant validity was examined using three complementary approaches: the Fornell-Larcker criterion,
the analysis of cross-loadings, and the heterotrait—-monotrait ratio (HTMT) of correlations, which should
remain below the recommended threshold values of 0.85 or 0.90 (Henseler et al., 2015).

In the second stage, the structural model was evaluated in order to analyse the hypothesised
relationships among the constructs. The significance and relevance of the structural relationships were
assessed through bootstrapping procedures.

Finally, amulti-group analysis (MGA) was conducted to examine potential gender differences in
structural relationships meanwhile the measurement invariance across gender was assessed using the
MICOM procedure.

4. Results

4.1. Measurement model

4.1.1. Reliability and convergent validity. The measurement model was evaluated following the
guidelines for Partial Least Squares Structural Equation Modelling (PLS-SEM) proposed by Hair et al.
(2019). Since all constructs were specified as reflective composites (Type A), the assessment focused on
examining the outer loadings of the indicators (Figure 2).

Figure 2. Outers loadings.

BEL1 BEL2 BEL3

Ps1 0889 0871 0642

A S
0845
P2 o 0916
pyoes 0475 0514 —os1a—» PR
ps3 4" 0340 M“ 0799
0826
-~

PS BEL 0245 0556

PS4
0232 ASP1
51 osw DA
0478
o832 0500/’ ASP2
T2 €—0s664 El 0.242 0661—p o3

0673 0557 0746 0753 0847

0. 153 ASP4

0878 0.903

STE2 STE3

Indicator reliability was evaluated through the outer loadings, which should ideally exceed the
recommended threshold of 0.70. Internal consistency reliability was assessed using Cronbach’s alpha (a)
and Composite Reliability (CR), with acceptable values above 0.70. Convergent validity was assessed
through the Average Variance Extracted (AVE). Values greater than 0.50 indicate that the construct
explains more than half of the variance of its indicators (Fornell and Larcker, 1981). The results confirm
that all constructs meet these recommended thresholds.
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4.1.2. Discriminant Validity. Discriminant validity was examined using two complementary
approaches. First, the Fornell-Larcker criterion was applied by comparing the square root of the AVE of
each construct with the correlations between constructs.In our case, the diagonal elements are greater than
the correlations with other constructs, indicating adequate discriminant validity. Second, the
heterotrait-monotrait ratio (HTMT) was analysed. All constructs obtain values of HTMT values below 0.90
indicate that constructs are empirically distinct (Henseler et al., 2015).

4.1.3. Significance of Indicator Loadings. The significance of the outer loadings was assessed using
a bootstrapping procedure with 5,000 subsamples. Bootstrapping provides t-values and p-values to test the
statistical significance of the loadings. The results indicate that all indicators are statistically significant
(p <0.05), confirming their contribution to the measurement of their respective constructs.

4.2. Structural model

The structural model was assessed following the procedures recommended by Hair et al. (2019).
All hypothesis were supported (p-value <0.05).

The explanatory power of the model was assessed through the coefficient of determination (R?).
According to Hair et al. (2019), values of 0.25, 0.50, and 0.75 can be interpreted as weak, moderate, and
substantial explanatory power, respectively. In addition, the effect size (f?) was examined to determine the
contribution of each exogenous construct to the endogenous constructs. Values of 0.02, 0.15, and 0.35
indicate small, medium, and large effects, respectively.

4.3. Multigroup analysis

A multi-group analysis (MGA) was conducted to examine potential gender differences in the
structural relationships. Measurement invariance across gender was assessed using the MICOM procedure.
The results of Compositional Invariance indicate that most constructs meet the invariance criteria, as the
original correlations exceed the 5% quantile and permutation p-values are above 0.05. However, parental
support (PS) does not achieve compositional invariance (p = 0.001), suggesting that the way this construct
is formed differs between male and female students. Despite this exception, partial measurement invariance
is established, which allows for meaningful multi-group comparisons of the structural relationships. The
results indicate that most structural paths are statistically equivalent across male and female students.
However, a significant difference emerges in the relationship between beliefs about STEM and the intention
to pursue STEM studies.

5. Discussion

This study identifies beliefs about the STEM sector, parental support, and teachers’ support as key
factors shaping students’ perceptions and motivations toward STEM careers. The results of the PLS-SEM
model indicate that both parental and teachers’ support significantly influence students’ beliefs about
STEM, highlighting the important role played by the social environment in shaping students’ perceptions
of STEM fields. These beliefs, in turn, strongly influence students’ intention to pursue STEM studies, which
subsequently contributes to the development of perceived self-efficacy in STEM-related subjects.

The results also show that perceived self-efficacy is the strongest predictor of academic aspirations
in STEM, confirming the central role of confidence in one’s own abilities when considering STEM
educational pathways. In addition, gender stereotypes show a smaller but statistically significant effect on
STEM aspirations, suggesting that although stereotypes may still influence students’ perceptions, their
impact is weaker compared with psychological factors such as beliefs, intentions, and self-efficacy.

From a theoretical perspective, these findings are consistent with Social Cognitive Career Theory
(SCCT), which emphasizes the role of social context and cognitive factors in shaping career aspirations.
The present study reinforces these findings by showing that support from parents and teachers contributes
to strengthening positive beliefs about STEM, which in turn foster students’ motivation and confidence in
these fields.

From a practical perspective, these results suggest that initiatives aimed at strengthening students’
beliefs and self-efficacy in STEM, together with increased support from parents and teachers, may
contribute to fostering greater academic aspirations toward STEM careers.

Despite these contributions, the study presents several limitations. The sample is limited to
university students, which may restrict the generalizability of the results. Future research could extend this
model to secondary school students or early educational stages, where career aspirations are often formed,
and could incorporate additional variables such as role models, institutional support, or exposure to STEM
activities. Overall, the proposed model highlights the importance of beliefs, intentions, and perceived
self-efficacy as central mechanisms explaining students’ academic aspirations toward STEM careers, while
also emphasizing the indirect but relevant role played by social support and gender stereotypes in shaping
these aspirations.
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