
Frontiers in Education 01 frontiersin.org

Gender disparities in higher 
education: development and 
validation of the FACT-GÉN 
instrument
Francisca Beroíza-Valenzuela 1*, Natalia Salas-Guzmán 2 and 
David Huepe 3*
1 Universidad Metropolitana de Ciencias de la Educación, Santiago, Chile, 2 Centro de Investigación en 
Psicología, Educación y Familia (CIPEF), Universidad Finis Terrae, Santiago, Chile, 3 Center for Social 
and Cognitive Neuroscience (CSCN), School of Psychology, Universidad Adolfo Ibáñez, Peñalolén, 
Chile

Introduction: Gender stereotypes considerably influence human behavior, 
creating gaps between men and women in higher education. Society faces 
the challenge of preventing the loss of human talent in Science, Technology, 
Engineering, and Mathematics (STEM) disciplines and Social Sciences and 
Humanities (SSH). However, it remains unclear which factors influence the 
gender gap that may hinder attracting and retaining female talent in these fields. 
This study aimed to develop and validate an instrument, the ‘Assessing Gender 
Gap Factors in Higher Education’ (FACT-GÉN), to identify and measure the 
factors influencing the gender gap.

Method: This study employed an instrumental design to develop and validate 
the ‘Assessing Gender Gap Factors in Higher Education’ (FACT-GÉN) instrument. 
Using a cross-sectional quantitative approach, data were collected from 851 
students across STEM and Social Sciences and Humanities (SSH) disciplines 
to ensure the instrument’s reliability and validity. Internal Consistency Analysis 
was conducted to assess the reliability of the identified factors, followed 
by Exploratory Factor Analysis (EFA) to identify underlying structures, and 
Confirmatory Factor Analysis (CFA) to validate the instrument’s structure.

Results: The model demonstrated a good fit to the data, with indices such as 
CFI (0.911), TLI (0.894), and RMSEA (0.049), supporting its validity. The scaled 
chi-square difference test confirmed the adjusted model’s superiority over the 
null model [χ2_diff(4)  =  30.805, p <  0.001]. Internal consistency was acceptable, 
with Cronbach’s alpha ranging from 0.62 to 0.78, and McDonald’s omega from 
0.69 to 0.80. The strong factor loadings and significant correlations between 
the latent factors validated the model’s structure, making it a reliable tool for 
addressing the gender gap in academic fields.

Discussion: The validated instrument offers valuable data for research and 
policy, aiding efforts to mitigate the gender gap and promote equity in academia. 
This study highlights the instrument’s effectiveness in identifying barriers and 
formulating solutions for gender equality, thus filling a critical gap with a reliable 
tool to address the gender gap in higher education.
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Introduction

The gender gap in STEM careers, as well as in the Social Sciences 
and Humanities, represents a significant issue that affects the social, 
cultural, and economic development of countries (Huber and Paule 
Paludkiewicz, 2024). It also hinders progress towards the Sustainable 
Development Goals (SDGs) of the 2030 Agenda, particularly SDG 4 
(quality education), SDG 5 (gender equality), and SDG 10 (reduced 
inequalities) (ECLAC, 2019). This gap is reflected in the lower 
presence of women and the higher predominance of men in STEM 
fields, while in the Social Sciences and Humanities, women 
predominate and men are underrepresented (World Economic 
Forum, 2023). The situation is concerning due to the lack of an 
integrated model that explains the factors influencing the gender gap, 
considering sociocultural (Olsson et al., 2023; Presler-Marshall et al., 
2024), psychological (Bertoletti et al., 2023), cognitive (Kaya, 2023), 
contextual (Echavarren, 2023), and collaborative aspects (Borgonovi 
et al., 2023).

As a socializing agent (Nguyen and Truong, 2024), the university 
environment facilitates interactions between men and women that 
reinforce gender stereotypes (Tanyildiz, 2023). Stereotypes not only 
emphasize negative aspects of ability or temperament but also dictate 
social norms about appropriate or inappropriate activities according 
to gender roles (Rothermund and de Paula Couto, 2024; del Carmen 
Triana et al., 2024). Humans internalize gender stereotypes associated 
with specific disciplinary areas, perpetuating the idea that women are 
less talented and brilliant than men (Napp and Breda, 2022). Women 
are perceived as less capable in scientific and technological subjects 
(Vos et al., 2023), and their abilities and competencies to lead are 
questioned (Eagly and Wood, 2016). Furthermore, women are 
associated with service professions, whereas men are linked to agency 
attributes (Rucker et  al., 2018). These stereotypes influence both 
society’s beliefs (Risman and Davis, 2013) and career choices and 
professional associations (Eagly and Karau, 2002). They also 
contribute to the creation of biases related to competencies (Liu, 
2018), anxiety (Berkowitz et al., 2015), choices, and interest (Bian 
et al., 2017). Stereotypes affect behavior as individuals adapt to the 
expectations that society attributes to them, reinforcing these 
stereotypes through educational institutions (Adu et al., 2023).

Stereotypes impact society by shaping behaviors, influencing 
productivity (Ali et  al., 2023). This is reflected in the 
underrepresentation of women in professions considered more 
demanding by agents, such as high-level leadership positions in 
corporations or governments (Fellegi et  al., 2023), and their 
overrepresentation in subareas considered more demanding by the 
community, such as human resource management (Levanon and 
Grusky, 2016). Additionally, men are underrepresented in communal 
roles traditionally occupied by women (Moskos, 2020). This 
neotraditional division of labor perpetuates stereotypical gender 
beliefs about agency and communion, as well as sex differences in 
gender identity (Sczesny et al., 2018).

Research on the gender gap has identified various factors that 
influence gender bias. One of the main factors is the higher self-
efficacy observed in male secondary school students compared to 
their female counterparts (Chan, 2022; Romero and Blanco, 2019). 
In this regard, the school context plays a crucial role, as it can either 
reinforce or weaken stereotypes, significantly affecting students’ 
interest in STEM areas, which tends to decline during secondary 

school (Legewie and DiPrete, 2014; Salmela-Aro, 2020). There is also 
a positive relationship between attitudes towards STEM and student 
interest, influenced by gender and family background, such as having 
parents in scientific fields or their educational level (Alam et al., 2021; 
Anaya et  al., 2022; Ciftci and Erdogan, 2020). Beliefs about 
achievement in STEM careers are generally higher in men (Moè 
et al., 2021), while women tend to experience higher levels of anxiety 
in STEM exams and underestimate their abilities (Cotner et  al., 
2020). Additionally, men perceive themselves as more capable in 
STEM areas from primary education (Ayuso et  al., 2021; Master 
et al., 2017).

In the fields of Social Sciences and Humanities (SSH), the 
secondary education context also influences the interest in 
pursuing university careers (Barone and Assirelli, 2020), as well 
as perceptions of job stability and accessibility (Prakasam and 
Mukesh, 2019; Presler-Marshall et al., 2024). Other determining 
factors include academic achievement in secondary education 
(Alfarhan and Dauletova, 2019), self-image (Gylfason and Zoega, 
2021), and attitudes towards disciplinary area choices (Chiu, 
2011). In STEM and SSH, the educational context and family 
background are crucial in shaping attitudes and self-efficacy. 
However, while gender stereotypes and anxiety affect women 
more in STEM, SSH decisions are influenced more by perceptions 
of job stability and self-image.

Most studies have relied on questionnaires, scales, or surveys 
developed by other institutions. However, significantly fewer studies 
have designed and validated a psychometric instrument that includes 
a rigorous process of content and construct validation (Shin et al., 
2016). Moreover, the majority of these studies focus on academic 
performance (Demirtaş et al., 2020; van Aalderen-Smeets et al., 2019), 
while few examine other factors involved in the gender gap. 
Additionally, there is no evidence of specific instruments to assess the 
gender gap in Social Sciences and Humanities fields. Therefore, an 
instrument is needed to comprehensively measure this gap in 
such contexts.

This study was guided by the following question: What are the 
measurable indicators that determine the gender gap in the university 
population? The primary objective was to design and validate a 
psychometric instrument to measure the factors contributing to the 
gender gap across five dimensions: cognitive, psychological, 
contextual, sociocultural, and collaborative. The cognitive dimension 
includes perceptions, knowledge, and academic skills; the 
psychological dimension involves expectations, motivation, and self-
perceived ability; the contextual dimension relates to environmental 
factors within family and educational settings; the sociocultural 
dimension addresses social interactions and cultural influences on 
gender roles; and the collaborative dimension focuses on teamwork 
within university spaces. Together, these dimensions provide a 
comprehensive framework for understanding the factors influencing 
the gender gap in higher education (Beroíza-Valenzuela and Salas-
Guzmán, 2024).

A quantitative methodology with a descriptive cross-sectional 
design was employed to achieve these objectives. Structured surveys 
were designed and applied to representative samples of university 
students selected through non-probabilistic sampling. The collected 
data were analyzed using advanced statistical techniques, such as 
exploratory and confirmatory factor analyses, to ensure the validity 
and reliability of the instrument.
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This study fills an important gap in the current research by 
providing a comprehensive and multidimensional approach to 
understanding the gender gap in higher education, which has been 
underexplored with validated psychometric instruments. The 
contribution of this study lies in its ability to offer specific and reliable 
tools to identify and address the underlying factors of the gender gap, 
facilitating the development of more equitable and effective 
educational policies and programs. This article is structured as follows: 
First, the methodological design and sample characteristics are 
detailed. Next, the results of the data analysis are presented. Finally, a 
thorough discussion and recommendations for future research and 
educational policies are provided.

Methods

This study is quantitative and has a cross-sectional design. This 
quantitative approach allows for the systematic collection and 
statistical analysis of numerical data, thus facilitating an objective 
evaluation of the instrument’s properties. Cross-sectional studies 
implement data collection at a single point in time, yielding a precise 
snapshot of the study population at the time of research. This study 
focuses on the design and validation of an instrument using 
Exploratory Factor Analysis (EFA) and Confirmatory Factor 
Analysis (CFA).

The research will be  conducted in three main stages: 
pre-piloting, piloting, and final implementation. The designed 
instrument aimed to assess multiple dimensions related to the 
gender gap in higher education, including cognitive, psychological, 
contextual, collaborative, and sociocultural aspects. This study 
followed research protocols approved by the Ethics Committee of 
the University of Santiago, Chile, N°024, and all stages of the study 
were conducted in accordance with the Declaration of Helsinki. All 
participants signed an informed consent form before participating 
in the study.

Participants

Through purposive sampling, three distinct samples were formed 
in separate phases of the research: an initial sample of 40 
undergraduate university students for pre-piloting, a second sample 
of 307 undergraduate university students for piloting, and a final 
sample of 504 participants for implementation of the definitive 
instrument. In all phases, the same inclusion criteria were followed, 
ensuring that the participants were students over 18 years old and 
belonged to either public or private universities from Chile. No 
exclusion criteria were applied because the objective was to generate 
a representative sample of the general university population. In total, 
the research involved 851 university students, distributed across three 
main groups for the various stages of analysis: Pre-piloting, Piloting, 
and Final Implementation Phase.

Procedure

The design process of the “Assessing Gender Gap Factors in 
Higher Education” (FACT-GÉN) instrument followed several 

systematic stages, divided into two studies. The first study focused on 
construct development and included the following activities:

 • Literature Review: A comprehensive review of the existing 
literature was conducted to identify relevant constructs related to 
the gender gap in higher education.

 • Expert Interviews: Qualitative interviews were conducted with 
experts in higher education and gender studies to gain insights 
and validate the relevance of the proposed items.

 • Delphi Method: Psychometric experts reviewed and refined the 
items to ensure their clarity and validity.

The quantitative phase encompasses three distinct stages: 
pre-piloting, piloting, and final implementation. To that end, 
university students were sourced from a variety of channels, including 
social media platforms and connections with public and private 
universities, such as the gender and equity departments of these 
institutions. It should be emphasized that considering that the primary 
aim of this study is the development and validation of a psychometric 
tool, the qualitative aspect of the instrument design process will not 
be delved into.

Pre-piloting
A draft of the instrument was administered to 40 university 

students. Subsequently, a discussion was held to identify and improve 
the ambiguous aspects. Finally, three students were randomly selected 
for cognitive interviews to evaluate in-depth their understanding of 
the questions and the appropriateness of the responses provided. 
During these cognitive interviews, the students were asked to verbalize 
their thoughts while responding to each instrument item. This process 
allowed for the identification of potential misunderstandings, 
difficulties in interpreting the questions, and suggestions for 
improving the wording and clarity of the instrument. As a result, items 
were identified for revision and reformulation, simplified, and 
modified for vocabulary that was incomprehensible to the students.

Piloting (exploratory factor analysis)
Pilot tests were conducted with a preliminary sample to assess the 

clarity and comprehensibility of the items and to calculate the initial 
internal consistency of the instrument. Using a sample of 307 
participants, an Exploratory Factor Analysis (EFA) was performed to 
identify the underlying structures of the instrument and group the 
items into coherent factors.

Final implementation phase (confirmatory factor 
analysis)

An independent sample of 504 participants was used to conduct 
a Confirmatory Factor Analysis (CFA) to validate and confirm the 
factor structure identified during the EFA, evaluating the model’s fit 
to the collected data.

Instrument

The psychometric instrument “Assessing Gender Gap Factors 
in Higher Education” (FACT-GÉN) was designed and 
administered online, including specific items to measure 
cognitive, psychological, contextual, collaborative, and 
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sociocultural dimensions. Additionally, both the pilot survey and 
the final survey included sociodemographic questions focused on 
sex, gender, age, university, and OECD disciplines, aiming to 
contextualize participants’ responses and allow for 
additional analyses.

Data analysis

The design and validation of the instrument included an initial 
content validation phase in which items were developed based on 
semi-structured interviews with experts in key areas of the gender gap 
in the university population. Subsequently, the Delphi method was 
used, involving nine experts in instrument validation and gender 
specialists. They were presented with a form containing the draft 
instrument and evaluation criteria (sufficiency, clarity, coherence, and 
relevance). The instrument’s subscales corresponded to five constructs: 
Psychological, Contextual, Sociocultural, Cognitive, and Collaborative, 
and a rating scale ranging from “strongly agree (5)” to “strongly 
disagree (1)” was used. After successive revisions guided by experts’ 
opinions, adjustments were made to the instrument. After three 
rounds of iterations, the concordance of the responses was evaluated 
using Cohen’s kappa coefficient, which showed a value of 0.85, 
indicating a high degree of concordance among the experts.

The complete statistical analysis was performed using RStudio 
4.3.1 (Wickham et al., 2023).

The analyses included:

 • Exploratory Factor Analysis (EFA) to identify 
underlying structures.

 • Confirmatory Factor Analysis (CFA) was used to validate the 
instrument’s structure.

 • Internal Consistency Analysis to assess the reliability of the 
identified factors.

The instrument’s structure was evaluated using a mixed approach 
of confirmatory factor analysis (CFA) and exploratory factor analysis 
(EFA). Due to the multidimensional nature of this instrument, Parallel 
Analysis and Optimal Coordinates methods were used to determine 
the number of factors to extract. Given the non-normality of the data, 
Principal Axis Factoring was chosen over Maximum Likelihood as the 
extraction method. The EFA was estimated using 100 iterations of the 
naïve bootstrap, reporting the mean loadings and 90% confidence 
intervals. This procedure was implemented iteratively by removing 
cross-loadings (loadings on more than one factor) and low loadings 
(loadings in the range of −0.3 to +0.3).

Simultaneously, the CFA structure was evaluated to identify 
weaker elements by assessing the residuals and local fit (R2). Both 
procedures were conducted with careful consideration of the 
theoretical constructs and the relevance of item loadings to each 
construct. Model fit was evaluated using the Comparative Fit Index 
(CFI), Tucker-Lewis Index (TLI), Root Mean Square Error of 
Approximation (RMSEA), and Standardized Root Mean Square 
Residual (SRMR). Once the final structure was established, reliability 
was assessed through internal consistency analysis using Cronbach’s 
alpha (Cronbach, 1951), with values above 0.7 considered adequate 
(Kline, 2016). Additionally, due to critiques of Cronbach’s alpha, 
McDonald’s Omega was employed (Hayes and Coutts, 2020).

Results

A pilot survey was conducted, which included sociodemographic 
aspects such as age, gender, sex, and university, as well as the 
psychometric instrument on university students’ perceptions of the 
factors influencing the gender gap across five dimensions: cognitive, 
psychological, contextual, collaborative, and sociocultural, with the 
aim of conducting Exploratory Factor Analysis (EFA). The sample 
consisted of 307 participants, had a Mage = 22.5 years (SD = 3.34). In 
terms of sex, 73.6% identified as women, 26% as men, and 0.4% as 
other. Regarding gender, 65% identified as female, 24% as male, 7% as 
non-binary, and 4% as other. The age distribution showed that 32.57% 
of participants were 18–20 years old, 46.57% were 21–24, 12.71% were 
25–29, and 8.15% were 30 or older. Based on OECD disciplinary 
classifications, 9% of participants were from the Natural Sciences, 14% 
from Engineering and Technology, 9% from Medical and Health 
Sciences, 1% from Agricultural Sciences, 46% from Social Sciences, 
and 22% from the Humanities. Additionally, 72% of participants 
attended public universities, while 28% were enrolled in private  
institutions.

Principal component factor analysis with varimax rotation 
revealed the existence of six factors. (See Figure 1).

The scree plot (Figure 1), showing the eigenvalues obtained from 
the exploratory factor analysis, revealed that the first six factors 
explained most of the variance in the data. Initially, the slope of the 
plot descends steeply to the third factor, suggesting that these principal 
factors capture a significant amount of variance. From the fourth 
factor onwards, the slope began to flatten, and a second notable 
inflection was observed at the sixth factor, where the curve became 
almost flat. This indicates that additional factors beyond the sixth 
factor explain only a marginal amount of the additional variance. 
Therefore, it was determined that retaining six factors is optimal for 
this analysis, providing a suitable balance between complexity and 
explanatory power.

The retention of the six factors was justified by both empirical and 
theoretical criteria. The scree plot showed a steep decline in 
eigenvalues up to the third factor, followed by gradual flattening up to 
the sixth factor, where a significant inflection point was observed, 
suggesting that retaining more factors would add minimal explanatory 

FIGURE 1

Scree plot showing eigenvalues for the first 10 factors. Created by 
authors.
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value. This finding aligns with Field (2017) recommendation to 
identify inflection points in the scree plots. Additionally, sample 
adequacy, indicated by a KMO index of 0.81, and a highly significant 
Bartlett’s test of sphericity (χ2 = 5527.075, p < 0.0001), supports the 
suitability of the data for factor analysis. Together, these six factors 
explain 35.4% of the total variance, which is a reasonable value in 
educational and psychological research (Hair et  al., 2014). This 
number of factors strikes a balance between model complexity and 
explanatory power, ensuring a parsimonious and reliable factor 
structure with satisfactory internal consistency (α  = 0.75). 
Furthermore, the factor structure obtained was consistent with prior 
studies that addressed similar conceptual dimensions, reinforcing the 
relevance of the identified factors.

Exploratory factor analysis grouped the dimensions as follows 
(Figure 2):

Factor analysis revealed an item organization that differs in certain 
aspects from the originally proposed factor structure, allowing for 
greater precision in the empirical representation of the data. While five 
theoretical factors were initially established (Cognitive, Psychological, 
Contextual, Sociocultural, and Collaborative), the factor analysis 
indicated the need to reorganize these factors into six dimensions: 
Coping in University Students, Academic Beliefs, Family Academic 
Support, University Socialization, Collaborative Learning Experience, 
and Gender Role Beliefs. This reorganization reflects how the items 

are empirically grouped, optimizing the clarity and internal 
consistency of each dimension. Although the items were distributed 
differently from the original proposal, these dimensions more 
accurately captured the constructs underlying the original factors, 
providing a better explanation of the variance and a more robust 
structure for measuring the factors influencing the gender gap in 
higher education. Therefore, restructuring does not invalidate the 
theoretical factors, but rather offers a more detailed and accurate 
representation of the observed empirical reality.

Table  1 displays the detailed results of the EFA, showing the 
standardized factor loadings, internal consistency (α), and item-total 
correlation for each of the 30 items in the instrument. Noteworthy are 
the significant factor loadings and acceptable internal consistency of 
the factors, which support the validity and reliability of the instrument 
for measuring the proposed constructs. After the analysis, items with 
low factor loadings were removed from the initial 50 items, resulting 
in a 30-item instrument (Table 1).

The heatmap shows the factor loadings of the items on the six 
retained factors after performing exploratory factor analysis (EFA) 
with varimax rotation. The results in Table  1 complemented the 
heatmap by showing the factor loadings, Cronbach’s alpha, and item-
total correlation (r.drop). Items 39, 33, and 48, which had high factor 
loadings on their respective factors, also demonstrated adequate 
internal consistency within their scales. Items with low factor loadings 

FIGURE 2

Factor loadings. Created by authors.
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or negative item-total correlations, such as Items 27 and 48, were 
identified for review or elimination, which will help improve the 
internal consistency and validity of the questionnaire.

Based on the EFA, the model was executed on a sample of 
N = 504. Model fit was evaluated using CFI, TLI, and RMSEA. A 
30-item instrument was implemented in a different sample of 
N = 554 university students, considering the previously mentioned 

sociodemographic aspects. In this different sample, the demographic 
characteristics had a Mage = 21.14 years (SD = 2.67), and 63% were 
women. Regarding the gender of the participants, 58% were 
identified as female, 35% as male, and 5% as non-binary. Participants 
came from public (27.7%) and private universities (72.7%) in the 
Metropolitan Region of Santiago, Chile. The distribution by OECD 
disciplines was represented, but the majority participation was from 

TABLE 1 Exploratory factor analysis.

Items N F.C Std.alpha α Mean SD
Item-total 
correlation 

(r.drop)

Academic beliefs

2 307 0.62 0.77 0.81 1.7 1.03 0.21

4 307 0.60 0.79 2.1 1.21 0.29

5 307 0.55 0.79 2.1 1.14 0.25

7 307 0.72 0.77 2.0 1.19 0.28

25 307 0.71 0.77 1.6 0.93 0.08

27 307 0.66 0.80 1.5 0.88 0.01

Coping in university students

11 307 0.44 0.75 0.77 3.0 1.42 0.50

12 307 0.66 0.70 4.0 1.08 0.39

13 307 0.59 0.71 4.3 1.01 0.32

21 307 0.48 0.74 3.9 1.09 0.35

6 307 0.70 0.72 3.2 1.35 0.35

University socialization

14 307 0.46 0.80 0.80 2.1 1.25 0.42

18 307 0.64 0.77 1.9 1.14 0.47

19 307 0.64 0.76 2.0 1.23 0.45

38 307 0.62 0.76 2.3 1.2 0.48

39 307 0.65 0.77 1.6 0.91 0.35

40 307 0.65 0.77 2.7 1.44 0.45

Collaborative learning experience

43 307 0.68 0.55 0.69 4.1 1.02 0.14

44 307 0.52 0.68 3.3 3.3 0.21

48 307 0.72 0.55 3.9 1.10 −0.10

49 307 0.40 0.71 4.1 0.93 −0.18

Gender roles beliefs

20 307 0.51 0.68 0.73 2.7 1.4 0.53

10 307 0.46 0.73 4.2 1.0 0.36

22 307 0.66 0.66 3.7 1.2 0.58

37 307 0.47 0.70 2.4 1.3 0.47

23 307 0.58 0.69 3.5 1.4 0.48

36 307 0.45 0.71 3.4 1.2 0.41

Family academic support

32 307 0.67 0.52 0.66 4.1 1.08 −0.0

33 307 0.80 0.40 4.3 1.01 0.07

34 307 0.40 0.73 4.3 0.97 0.10

Created by authors.
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Social Sciences (33%) and Engineering and Technology (29%) 
(Table 2).

To evaluate the quality of the models examined through both EFA 
and CFA, the following indicators were used: Comparative Fit Index 
(CFI), Tucker-Lewis Index (TLI), and Root Mean Square Error of 
Approximation (RMSEA), along with its 90% confidence interval. In 
the present study, the fit of a structural model was evaluated using a 
robust maximum likelihood estimator (MLR) because of the 
non-normal multivariate distribution of the data. The proposed model 
included six latent factors: Factor1 (items 14, 18, 19, 39), Factor2 
(items 2, 4, 5, 7), Factor3 (items 43, 48, 49, 44), Factor4 (items 10, 22, 
36, 23), Factor5 (items 11, 12, 13, 6), and Factor6 (items 32, 33, 34). 
Additional covariances were specified between items (item14 ~ ~ 
item18, item19 ~ ~ item39, item2 ~ ~ item4, item48 ~ ~ item49) based 
on theory and previous results. Table 3 presents descriptive statistics 
of the items.

The model fit indices indicated a good fit to the data: the 
Comparative Fit Index (CFI) was 0.911 (robust CFI: 0.916), the 
Tucker-Lewis Index (TLI) was 0.894 (robust TLI: 0.899), and the Root 
Mean Square Error of Approximation (RMSEA) was 0.049 (90% CI: 
0.043–0.054, p-value = 0.640; robust RMSEA: 0.047, 90% CI: 0.041–
0.053, p-value = 0.768). Additionally, the normed chi-squared (χ2/df) 
value of the model was 2.31.

To assess the improvement in the proposed model fit over a null 
independence model, a scaled chi-square difference test was 

performed using the Satorra-Bentler method. The results indicated a 
significant difference between the two models [χ2_diff(4) = 30.805, 
p < 0.001], with the adjusted model showing a chi-square of 488.13 
(df = 211) and the null model showing a chi-square of 3383.611 
(df = 253). This suggests that the proposed model provides a 
significantly better fit to the data than the null model. This indicates 
that the adjusted model not only fits the data well but is also 
statistically superior to the null model, corroborating its validity.

To evaluate the internal consistency of the latent factors, 
Cronbach’s alpha was calculated for each factor and the total set of 
items. Some items were negatively correlated with the first principal 
component and were reversed. The Cronbach’s alpha values for each 
factor were as follows: Factor 1 (α = 0.72), Factor 2 (α = 0.72), Factor 3 
(α = 0.62), Factor 4 (α = 0.68), Factor 5 (α = 0.72), and Factor 6 
(α = 0.78). Cronbach’s alpha for the total set of items was 0.74, 
indicating an overall acceptable internal consistency for a new model.

Meanwhile, McDonald’s omega coefficient values for each factor 
were as follows: Factor 1 (ω = 0.80), Factor 2 (ω = 0.76), Factor 3 
(ω = 0.69), Factor 4 (ω = 0.73), Factor 5 (ω = 0.77), and Factor 6 
(ω = 0.80). The omega coefficient for the total set of items was 0.77, 
indicating acceptable internal consistency.

The path diagram (Figure  3) represents the factor structure, 
relationships between latent factors, and observed variables using the 
robust maximum likelihood estimator (MLR). The model includes six 
latent factors (Factor 1 to Factor 6), each measured by several observed 
items. Standardized factor loadings indicate the strength of the 
relationship between each observed item and its respective latent 
factor. For example, i36 has a factor loading of 0.93 on Factor4, 
indicating a strong and significant relationship. All factor loadings 
were positive and significant, suggesting that the items were good 
indicators of their respective factors.

The residual covariances specified in the model, represented by 
the curved lines between certain items, indicate additional 
relationships between measurement errors. For example, the 
covariance between i14 and i18 was −0.37, suggesting a negative 
residual relationship between these items. The standardized 
correlations between latent factors, such as the correlation of 0.23 
between Factor3 and Factor2, indicate moderate positive relationships, 
suggesting that the latent constructs are interrelated.

The global fit indices of the model indicated an adequate fit. The 
Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI) have 
values of 0.91 and 0.89, respectively, indicating an acceptable fit. 
Additionally, the Root Mean Square Error of Approximation 
(RMSEA) was 0.046, indicating a good fit of the model. Together, 
these results confirm the validity of the proposed model, showing 
significant and adequate relationships between the observed items and 
latent factors, as well as between the latent factors themselves. The 
high factor loadings and significant correlations between the factors 
support the theoretical structure of the model, suggesting that it is 
suitable for the analyzed data.

Discussion

The findings of this study reveal critical insights into the specific 
indicators that perpetuate and fuel the gender gap in the university 
population, providing an analysis that identifies six dimensions: 
Coping in University Students (O’Rourke et  al., 2022), Academic 

TABLE 2 Descriptive statistics of sociodemographic variable for CFA.

Variable N Mode Frequency %

Sex

Women 554 1 351 63.36%

Men 554 203 36.64%

Gender

Female 554 1 324 58.48%

Male 554 193 34.84%

Non-Binary 554 26 4.69%

Other 554 11 1.99%

Age

18–20 554 1 291 52.53%

21–24 554 212 38.27%

25–29 554 40 7.22%

30+ 554 11 1.99%

OECD disciplines

Natural Sciences 554 5 38 6.86%

Engineering and Technology 554 164 29.60%

Medical and Health Sciences 554 70 12.64%

Agricultural Sciences 554 8 1.44%

Social Sciences 554 186 33.57%

Humanities 554 88 15.88%

University

Public 554 2 151 27.26%

Private 554 403 72.74%

Created by authors.
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Beliefs (Yim, 2023), Family Academic Support (Flanagan-Bórquez 
and Soriano-Soriano, 2024), University Socialization (Demir and 
Leyendecker, 2018), Collaborative Learning Experience (Woolley and 
Gupta, 2024), and Gender Role Beliefs (Rucker et  al., 2018), 
highlighting the relevance of a multidimensional perspective. The 
interpretation of these results not only enriches the existing literature 
on gender inequalities in higher education but also offers a solid 
empirical basis for designing effective, innovative, and targeted 
interventions for populations in STEM, Social Sciences, 
and Humanities.

One of the aspects highlighted by this study is that the model 
distinguished between the direct effect of family academic support 
and the effect of university socialization within contextual dimensions. 
Regarding the family factor, previous research has emphasized that the 
family context and the stereotypes that arise and are reinforced by 
parents influence students’ choices (Alam et al., 2021; Anaya et al., 

2022; Cian et al., 2022; Ciftci and Erdogan, 2020; Li et al., 2022). These 
studies have shown that parents’ expectations and attitudes toward 
gender roles can limit students’ academic aspirations, especially those 
of women (Maloshonok et al., 2022), affecting their confidence and 
motivation to pursue careers in male-dominated fields 
(Salmela-Aro, 2020).

On the other hand, the educational context also plays a crucial 
role in shaping students’ academic and professional identities 
(Carvalho Silva et al., 2024). Interactions with teachers, peers, and the 
curriculum can reinforce or challenge established gender stereotypes 
(Stringer, et al., 2020). Similar to the family factor, the adverse effects 
of the educational context are particularly detrimental to women, 
limiting their opportunities and perpetuating gender inequalities 
(Merma-Molina et al., 2021). These negative effects can manifest in 
various ways, such as the lack of female representation in specific 
fields of study, implicit bias in teachers’ expectations (Woo et  al., 

TABLE 3 Confirmatory factor analysis.

“Assessing gender gap factors in higher education” (FACT-GÉN)

Item N Mean Median SD Min. Max. Skewness Kurtosis

Coping in university students

11 554 2.78 3 1.42 1 5 0.17 −1.30

12 554 3.93 4 1.07 1 5 −1.17 0.89

13 554 4.17 4 1.04 1 5 −1.33 1.23

6 554 3.23 3 1.19 1 5 −0.27 −0.85

Academic beliefs

2 554 1.69 1 0.99 1 5 1.39 1.19

4 554 2.21 2 1.20 1 5 0.57 −0.81

5 554 2.33 2 1.26 1 5 0.45 −1.05

7 554 2.01 2 1.08 1 5 0.83 −0.18

Collaborative learning experience

43 554 4.03 4 0.93 1 5 −1.06 1.12

44 554 3.19 3 1.23 1 5 −0.28 −0.89

48 554 3.88 4 1.00 1 5 −0.91 0.50

49 554 4.11 4 0.84 1 5 −0.98 1.27

University socialization

14 554 1.79 1 1.15 1 5 1.46 1.13

18 554 1.50 1 0.92 1 5 2.03 3.50

19 554 1.57 1 0.98 1 5 1.90 2.96

39 554 1.47 1 0.78 1 5 1.94 4.17

Family academic support

32 554 4.44 5 0.89 1 5 −1.79 2.98

33 554 4.53 5 0.80 1 5 −2.06 4.77

34 554 4.47 5 0.81 1 5 −1.65 2.66

Gender roles beliefs

10 554 4.20 4 1.04 1 5 −1.52 0.04

22 554 3.67 4 1.22 1 5 −0.80 0.05

23 554 3.56 3 1.30 1 5 −0.69 0.06

36 554 3.19 4 1.24 1 5 −0.26 0.05

Created by authors.
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2023), and the lack of institutional support for female students facing 
gender discrimination.

The consideration of the effects of the family and educational 
contexts is crucial for designing effective interventions (Fernández 
et  al., 2023), as both aspects can contribute to gender disparities. 
While educational policies should focus on creating inclusive and 
supportive environments within educational institutions (Scala and 
Paterson, 2018), interventions at the family level should aim to educate 
parents about the impacts of gender stereotypes and promote more 
equitable attitudes and expectations toward their children’s abilities 
and aspirations (Starr et  al., 2022). By addressing both contexts 
comprehensively, more effective strategies can be developed to close 
the gender gap in higher education.

Regarding the coping in university students dimension, the family 
can also influence the generation of emotional states such as anxiety 
(Chen et al., 2022) in university students. Anxiety induced by family 
expectations, pressure to meet high academic standards, and a lack of 
adequate emotional support can negatively affect students’ 
psychological well-being. These emotional states not only impact their 
mental health but also interfere with their academic performance, 
reducing their ability to concentrate, actively participate in class, and 
manage stress related to their studies (Barbayannis et  al., 2022; 
Sumeera et al., 2024). Additionally, anxiety can limit students’ ability 
to form social support networks within the university environment, 
which is crucial for their personal and professional development 
(Pascoe et  al., 2020). Therefore, it is essential that interventions 
designed to address the gender gap in higher education include 

strategies to mitigate the negative effects of family-induced anxiety, 
promoting a supportive environment both at home and at the 
university. It should be noted that global mental health post-pandemic 
has shown an increase in these issues among the university population 
(Lipson et al., 2022; Santomauro et al., 2021), with elevated levels of 
anxiety and depression (Ghanim et  al., 2022; Hauck et  al., 2022), 
suicidal ideation (Frajerman et al., 2022), stress, and fear (Azmi et al., 
2022), as well as emotional impacts on learning (Pelucio et al., 2022), 
which affects students’ academic performance (El-Gabry et al., 2022).

The collaborative learning experience dimension in higher 
education also plays a crucial role. To thrive in these environments, it 
is essential to promote a sense of belonging and facilitate group 
interactions (Micari and Pazos, 2021). This not only fosters a more 
inclusive environment but also strengthens support networks among 
students (Schmiedl and Kauffeld, 2023; Wissing et al., 2022), thereby 
improving their educational experience and academic performance 
(Owoc, 2022; Rae and Blenker, 2023). These elements can counteract 
competitive dynamics (Al-Enazi and Jadea, 2022) and create a space 
where university students feel supported and motivated to actively 
participate in their careers. Collaboration in university careers is key 
to promoting diversity and equality in fields where women are 
traditionally underrepresented, such as STEM (Nielsen et al., 2017) 
and HSS (Wishkoski et al., 2022).

Gender-diverse teams promote innovation and creativity (Yang 
et al., 2022). Human beings depend on their peers to achieve collective 
goals, develop metacognitive skills, and interdependent processes that 
facilitate decision-making (Gupta and Woolley, 2020). Collaboration 

FIGURE 3

Model from confirmatory factor analysis. Created by authors.
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fosters collective intelligence and social skills such as empathy, self-
control, efficacy, assertiveness, and effective communication (Woolley 
and Gupta, 2024). However, the gender gap limits these skills and self-
perceptions, as in inequitable contexts, people may feel insecure and 
reluctant to express their opinions (Woolley et al., 2023).

The gender role beliefs dimension, such as exclusionary norms 
and beliefs, presents complex challenges to change (Leibnitz et al., 
2022). These challenges require strategic and sustained interventions 
to dismantle entrenched structures and prejudices that limit full 
integration and participation in these fields (Parvazian et al., 2017). 
Sociocultural factors centered on biased beliefs that perpetuate 
unequal behaviors and do not promote inclusive environments 
significantly slow down the progress of discovery, creativity, and 
innovation. These factors artificially exclude individuals with valuable 
abilities and skills (Sulik et al., 2022), preventing them from making 
meaningful contributions to the national knowledge base.

Academic beliefs related to beliefs about individuals’ abilities and 
skills play a fundamental role in perpetuating the gender gap (Cvencek 
et al., 2020). These beliefs significantly influence self-perception and 
academic and professional expectations, restricting the development 
and participation of certain groups in various disciplines (Chaffee 
et al., 2024). Students who internalize these limiting beliefs are less 
likely to engage in challenging academic activities, seek leadership 
opportunities, or pursue advanced studies. This self-exclusion, in turn, 
reinforces the gender gap by perpetuating the under-representation of 
certain groups in specific academic and professional fields.

Understanding the gender gap from a multidimensional 
perspective is a comprehensive and necessary approach. It is crucial 
not only to analyze the individual impact of Coping in University 
Students, Academic Beliefs, Family Academic Support, University 
Socialization, Collaborative Learning Experience, and Gender Role 
Beliefs dimensions but also to understand how these factors interrelate 
and reinforce each other, exacerbating gender inequalities in higher 
education. Exclusionary sociocultural norms and beliefs create biased 
power dynamics that hinder equitable collaboration in the educational 
sphere, an effect that originates from family and educational 
contextual factors. A family environment that perpetuates gender 
stereotypes can limit women’s academic aspirations and negatively 
affect their performance and motivation. Similarly, an educational 
environment that does not foster inclusion and equity can amplify 
negative messages received at home, perpetuate gender inequalities, 
and foster self-limiting beliefs about one’s capabilities. These beliefs 
can trigger emotional states, such as anxiety and stress, especially in 
unequal environments. Therefore, an integrated approach is essential 
for developing strategies addressing the multiple dimensions of the 
gender gap and promoting greater equity in academia.

The decision to use predominantly positive items in the Family 
Academic Support and Collaborative Learning Experience factors was 
deliberate and aimed at capturing supportive and collaborative 
experiences more accurately. This strategy helped to avoid cognitive 
confusion among participants, which could have arisen from introducing 
negatively worded items into factors that are typically described positively 
(Schriesheim and Hill, 1981). However, for factors such as gender bias, 
using negatively worded items was considered more appropriate, as these 
aim to assess experiences of discrimination or perceived difficulties, 
aligning better with this approach (Tourangeau and Yan, 2007).

The practical implications of this study are particularly relevant 
to the utility of the developed psychometric instrument. This 

instrument provides educational institutions with a reliable and 
validated tool to measure the factors contributing to the gender gap 
in higher education. This allows educational policymakers and 
university administrators to identify specific areas for intervention 
and develop more effective and targeted support programs. 
Additionally, the psychometric instrument has the potential to 
assess the impact of existing initiatives aimed at reducing the 
gender gap, providing empirical data on their effectiveness and 
areas requiring improvement. This evaluation capability is crucial 
for formulating evidence-based policies that promote gender 
equality and inclusion in the university environment.

By delineating the factors that contribute to the gender gap in 
specific dimensions (Coping in University Students, Academic Beliefs, 
Family Academic Support, University Socialization, Collaborative 
Learning Experience, and Gender Role Beliefs), the instrument 
facilitates a more nuanced and comprehensive analysis. This enables 
the identification of female students’ specific needs, thereby allowing 
for the implementation of tailored strategies that support their 
academic and professional development. This instrument has the 
potential to transform how educational institutions address gender 
inequalities, providing a systematic approach to fostering a more 
equitable and inclusive educational environment.

A limitation of this study is the inherent biases associated with 
self-report measures, such as social desirability and biased self-
assessment, which are well-documented challenges in educational and 
psychological research. Social norms or subjective perceptions may 
influence participants’ responses. To mitigate these biases, 
we implemented strategies such as ensuring participant anonymity 
and carefully constructing the questions to minimize socially guided 
responses. However, future research should incorporate objective 
measures, such as data on enrollment, retention, and graduation rates, 
to complement self-reports and provide a more comprehensive view 
of gender-related differences in educational contexts.

Additionally, this study did not include criterion analysis, which 
is crucial for assessing the predictive validity of the instrument and its 
correlation with other relevant constructs related to the gender gap in 
higher education. Since the primary aim of this study was to develop 
and validate the instrument, criterion analysis was beyond the scope 
of the present work. Future studies are encouraged to include this 
analysis to determine the instrument’s ability to predict outcomes 
related to the gender gap, such as academic and professional behaviors.

Moreover, the sample in this study was not evenly distributed 
across OECD disciplines, which may limit the generalizability of the 
findings. Future research should strive for a more balanced 
representation of fields to strengthen the validity of the results and 
enhance the instrument’s applicability in diverse academic and 
professional settings. By addressing these limitations, subsequent 
studies will be better positioned to offer a robust validation of the 
instrument and its capacity to predict gender-related outcomes.
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