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Gender equality and quality education are central pillars of international policies.
However, women continue to face gaps in access, participation, and retention in
STEM. This study aimed to validate the EMA-STEM scale to measure factors
associated with these gaps among female university students. The validation was
conducted in two phases: an exploratory factor analysis with 373 participants and
a confirmatory factor analysis with 410 participants, all enrolled in STEM
programs. The instrument, comprising 46 items and four dimensions—family
support, gender bias, gender stereotypes, and gender inequity—was developed
based on specialized literature and reviewed by a panel of experts. Statistical
analyses revealed high reliability levels (e and ® > 0.80) and a robust factorial
structure. The CFA model supported theoretically coherent associations among
dimensions, highlighting family support as the most consistent. Finally, the EMA-
STEM emerges as a valid and reliable tool to guide programs and policies aimed
at reducing gender inequalities in STEM.

Keywords: family support, gender stereotypes, gender inequality, STEM, content
validity

INTRODUCTION

Gender gaps in Science, Technology, Engineering, and Mathematics (STEM) persist
worldwide. Recent reports from the United Nations Educational, Scientific and Cultural
Organization (UNESCO, 2024a) and UN Women (2025) highlight the inequalities
women face not only in enrollment and graduation rates, but also in access to
employment opportunities, leadership positions, and research and innovation funding.
Additionally, women in STEM are more likely to experience gender-based violence and
sexism compared to those in other areas of knowledge.

As a result, there has been a growing interest in understanding the conditions that
influence women’s choice, participation, and retention in STEM careers. This interest
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takes place within a global context where gender equality has become a strategic
priority in educational, scientific, and development agendas (Economic Commission for
Latin America and the Caribbean [ECLAC] and UN Women, 2024; UNESCO, 2024b;
World Bank, 2024; World Economic Forum [WEF], 2025). Specifically, the 2030
Agenda recognizes education and gender equality as fundamental pillars for building
more just societies (United Nations, 2023).

This reality—both in academic and social environments—does not stem from a single
cause, but rather from a set of factors that women face when choosing male-dominated
careers. Among the most significant elements are numerical underrepresentation, lack
of support networks, unwelcoming academic environments, limited early promotion in
STEM, and the reinforcement of gender stereotypes (Casad et al., 2021; Esteban-
Ramiro et al., 2024). These stereotypes represent a set of beliefs shared by a society
about the characteristics that men and women have or should have (Stewart et al.,
2021), and they become more entrenched with age, directly influencing women’s career
choices (Coronado, 2022). This stereotypical dimension not only conditions academic
culture but also extends into the broader sociocultural context.

In contexts of greater vulnerability, family dynamics play an even more decisive role in
women’s educational trajectories (Neri et al., 2022; Slattery et al., 2023). Dominguez-
Castillo et al. (2024) note that university students face resistance within their own
households, stemming from traditional structures that prioritize domestic and caregiving
roles over professional training. These findings reaffirm that family support influences
not only the emotional realm but also the material conditions that enable—or restrict—
women’s ability to remain in the education system (Lucena-Rodriguez et al., 2025).

Alongside the role of the family, educational experiences are also shaped by other
dynamics that reproduce gender inequalities. Gender bias—unlike stereotypes—is
reflected in practices that establish differentiated expectations, influence academic
orientation, limit learning opportunities, and affect women’s confidence in their abilities
(Marchionni et al., 2018, p. 29). These biases are often linked to expectations around
academic performance (Gallego & Casadiego, 2023), the way roles and activities are
assigned in the classroom (Costello et al., 2024), or the promotion of interest in STEM
(Dost, 2024).

In higher education, these biases are most evident in areas such as scholarship
allocation, participation in research projects, or academic visibility, which forces female
students to meet additional demands to validate their sense of belonging and legitimacy
as women in these disciplines (Kinyota, 2021). Moreover, these biases mostly operate
unconsciously and are reproduced through everyday practices, making it crucial to
identify and become aware of existing barriers and biases in order to promote equity
(Bordieri et al., 2024).

Beyond the reproduction of stereotypes and biases in family and school settings, gender
gaps have structural implications. Gender inequality is reflected in the disparity between
men and women in terms of opportunities and rights across various social spheres. In
STEM, this exclusion is evidenced by the lack of recognition and support from
authority figures, persistent wage gaps, the perception of lower competence attributed to
women, reduced employment opportunities, and limited professional development (Neri
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et al., 2022). Furthermore, women’s low participation in scientific production in STEM
contributes to the invisibilization of their academic work, negatively impacting the
advancement of scientific knowledge (Astegiano et al., 2019).

Gonzalez-Cid (2024) conducted a study to document gender inequities in STEM. The
study revealed the coexistence of a gender regime and a meritocratic academic regime
which, operating together, produce, reproduce, and legitimize inequalities. It also found
a tendency to overlook these gaps—even among female academics themselves—which
encourages individual coping strategies rather than collective responses, thereby
deepening the reproduction of inequalities in the educational system (Shahin et al.,
2021). Thus, gender inequality is not limited to numerical representation but is
embedded in normative and organizational structures that restrict women’s
participation, recognition, retention, and advancement in these disciplines (Lim et al.,
2021).

Based on the above, academic literature has helped identify patterns, significant
relationships between constructs, and explanatory models regarding the barriers women
face in STEM. Instruments have also been developed to measure gender gap factors in
higher education.

The EMA-STEM instrument is grounded in a multidimensional conceptual framework
that understands gender gaps in STEM not as isolated individual phenomena, but as the
result of interconnected social, cultural, and structural factors operating across women’s
educational trajectories. In this sense, the technical indicators of the instrument
represent theoretically defined domains that capture key mechanisms through which
gender inequality is produced and reproduced in STEM contexts (Dénmez, 2023).

The first indicator, family support, is conceptualized as a foundational socialization
factor that shapes educational aspirations, self-efficacy, and career decision-making
from early stages. Family beliefs, expectations, and the distribution of domestic
responsibilities can either reinforce traditional gender roles or function as protective
factors that encourage women’s persistence in male-dominated fields (Piva & Rovelli,
2022). Prior research has shown that family environments play a decisive role in
legitimizing—or discouraging—women’s participation in STEM, particularly in
contexts marked by cultural or socioeconomic vulnerability.

The second indicator, gender bias, refers to the presence of explicit or implicit practices
that generate differentiated expectations and opportunities for women within academic
and social environments. Unlike stereotypes, gender bias operates through everyday
interactions, institutional norms, and evaluative processes that affect women’s
confidence, academic recognition, and access to resources. This indicator captures
experiential dimensions of discrimination that directly impact women’s sense of
belonging and academic performance in STEM programs (Gregor et al., 2021).

The gender stereotypes indicator addresses the internalization of socially shared beliefs
that associate scientific and technological competence with masculinity (Keller et al.,
2022). These stereotypes are transmitted through media, educational narratives, and
cultural representations, shaping perceptions of what careers are considered appropriate
for women. The persistence of such stereotypes has been widely documented as a
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barrier that limits interest, self-identification, and long-term engagement of women in
STEM fields.

Finally, gender inequity is conceptualized as a structural dimension that reflects
systemic inequalities in access to opportunities, recognition, and professional
advancement (Yokoyama et al.,, 2024). This indicator goes beyond individual
perceptions to capture broader institutional and labor-market dynamics, such as unequal
valuation of women’s work, restricted career progression, and tolerance of
discriminatory practices. Gender inequity thus represents the macro-level context in
which family dynamics, biases, and stereotypes converge.

Together, these four indicators provide a coherent and theoretically grounded
framework that guides the construction of the EMA-STEM instrument. Their
integration allows for a comprehensive assessment of women’s experiences in STEM,
linking subjective perceptions with structural conditions and clarifying the analytical
direction of the study.

Although these works offer valuable frameworks for understanding the phenomenon,
they often omit situated aspects—i.e., they are aimed at mixed populations or do not
focus exclusively on STEM—which hinders the ability to capture the specificities of

women's trajectories in these fields (Table 1).

Table 1

Empirical and theoretical references for the construction of the EMA-STEM scale

Author(s) Country  Population  Domains Validity and reliability
Yang & Gao  China University 1. Achievement Motivation Domain 1
(2021) students 2. Parents’, Professional, Expectations ~ Cronbach’s Alpha (o) =.806
3. University Professors’, Gender Domain 3 a=.568
Stereotypes Domain 4 a.=.751
4. Cultural Gender Stereotypes Domain 5 o =.867
5. Attitudes, Toward, Gender, Roles
Beroiza- Chile University 1. Coping in University Students Literature review
Valenzuela et students 2. Academic Beliefs Expert interviews
al. (2024) 3. Family Academic Support Delphi technique with nine specialists
4. University Socialization in gender and psychometric validation
5. Collaborative Learning Experience ~ Exploratory and confirmatory factor
6. Gender Role Beliefs analysis o per dimension: 1 =0.72; 2
=0.72;3=0.62;4=0.68;5=0.72; 6
=0.78 McDonald’s Omega (»):
between 0.69 and 0.80 per dimension
Delphi Agreement (Cohen’s kappa):
0.85
Pownall & United University 1. Self-Perceived Gender Typicality Domain 1
Heflick (2024) Kingdom students 2. Approval of Gender Stereotypes o (female version) = .83 o (male
3. Satisfaction with Gender Role version) = .80
4. Sexual Role Inventory Domain 4
5. Academic Achievements o (female version) = .83 o (male
version) = .88
Gonzalez- Spain University 1. Identification Validated Instrument GENCE 2.0
Rogado et al. students 2. Context (Gender Perspective in Computer
(2025) 3. Perception-Gender Equality-Gender  Engineering 2.0) o
Gap-Gender Stereotypes
Verdugo- Spain University 1. Interest a per dimension: 1 =0.741; 2 =0.746;
Castro et al. students 2. Perception and Self-Perception 3=0.726;4=0.645;5=0.761
(2025) 3. Gender Ideology
4. Attitudes
5. Expectations about Science

Note. Own elaboration.
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In this context, it is relevant to develop psychometrically validated instruments
specifically designed to measure the factors influencing women's experiences —not in
comparison to men— regarding their participation in STEM. The aim of this study is to
validate an instrument that identifies the main factors associated with women’s
participation and retention in STEM fields. The Survey for Women in STEM Fields
(EMA-STEM) is targeted at women enrolled in these disciplines, allowing for a deeper
exploration of the issue and addressing the limitations in design, scale, and focus found
in previous studies. It includes 46 items across four domains —family support, gender
bias, gender stereotypes, and gender inequity— developed from specialized literature
and statistical analysis, aligned with the structural and subjective conditions that
characterize women’s experiences in STEM.

METHOD
Methodology

The EMA-STEM consists of two sections. The first corresponds to sociodemographic
data; the second, to contextual factors in STEM. Table 2 presents the structure of the
instrument according to its sections, specifying the evaluated domains, item
distribution, and response scale.

Table 2
EMA-STEM Instrument Design
Section Domain Number of Items  Items Scale
Personal Data  N/A N/A N/A N/A
Contextual Family Support 17 Al —-A17 1 Strongly Disagree
Factors in Gender Bias 10 Bl -BI10 2 Disagree
STEM Gender Stereotypes 8 Cl-C8 3 Neither Agree nor
Gender Inequity 11 D1 -DI11  Disagree
4 Agree

5 Strongly Agree

Note. (Bueno & Duchemin, 2022; Block & Schmader, 2025; O’Connor, 2023; Shanks et al.,
2024).

The “family support” domain consists of items that complete the phrase “My parents...”
and includes statements about generalized beliefs within the family environment,
gender-based task assignments, perceptions of careers deemed appropriate for men or
women, and the distribution of family responsibilities (Bueno & Duchemin, 2022). The
“gender bias” domain includes items that complete the phrase “As a student...” and
address experiences of discrimination that women may face as students in family,
social, academic, or professional settings (Shanks et al, 2024). The “gender
stereotypes” domain features items that complete the phrase “As a woman...” and
includes statements about societal expectations, femininity in advertising, and the
influence of traditional narratives on professional aspirations (Block & Schmader,
2025). Lastly, the “gender inequity” domain comprises items that assess disparities and
barriers to accessing professional opportunities (O’Connor, 2023).
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Instrument Design

The design of the EMA-STEM instrument was developed in three phases. First, a
comprehensive review of recent literature on gender gaps in STEM within higher
education was conducted, providing the theoretical and empirical foundations for the
scale’s construction. In the second stage, content validity was established through
expert judgment: a panel of three specialists in gender studies and one expert in STEM
fields evaluated each item in terms of clarity, coherence, and relevance, reaching
consensus when items received favorable ratings across all three attributes. Finally, the
instrument underwent psychometric evaluation, which included an exploratory factor
analysis (EFA) and a confirmatory factor analysis (CFA). The EFA allows for the
identification of the underlying structure of the items and their grouping into coherent
factors according to theoretical expectations, while the CFA is used to confirm whether
the empirical data adequately fit the proposed factorial model, ensuring the structural
validity of the scale.

Phase 1. Literature Review

The literature review drew upon recent empirical studies on gender gaps in STEM in
higher education across different contexts. Studies were selected based on theoretical
and methodological validity, as well as their ability to measure the variables of interest
(Table 1).

Phase 2: Item Drafting

The initial drafting of items was based on the findings from Phase 1, prioritizing clarity
and brevity in the wording, as well as conceptual coherence and relevance of the
included domains. An accessible language was used to ensure participants could fully
understand the items and provide clear, unambiguous responses.

Phase 3: Content Validity

Content validity was assessed through expert judgment (Maxim, 2002). Four expert
judges were selected based on specific criteria: three gender studies specialists
contributed to the theoretical and conceptual evaluation of the instrument from a
specialized perspective, and one expert in STEM fields provided input on the relevance
of items in relation to the disciplinary context. The items were rated on a four-point
scale according to three attributes: clarity, coherence, and relevance. An item was
considered to have consensus when it received a rating of three or four in all three
attributes from the judges. These items formed the final version of the instrument (Table
3).
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Table 3

Results of the expert judgment regarding the Content Validity Coefficient (CVC)
ITEMS 25 50 75 P 75-25 Decision
1 4,00 4,00 4,00 0,00 Accept
2 4,00 4,00 4,00 0,00 Accept
3 4,00 4,00 4,00 0,00 Accept
4 4,00 4,00 4,00 0,00 Accept
5 4,00 4,00 4,00 0,00 Accept
6 2,28 4,00 4,00 1,72 Modify
7 2,78 4,00 4,00 1,22 Modify
8 2,25 3,50 4,00 1,75 Modify
9 2,25 4,00 4,00 1,75 Modify
10 4,00 4,00 4,00 0,00 Accept
11 4,00 4,00 4,00 0,00 Accept
12 4,00 4,00 4,00 0,00 Accept
13 4,00 4,00 4,00 0,00 Accept
14 4,00 4,00 4,00 0,00 Accept
15 4,00 4,00 4,00 0,00 Accept
16 4,00 4,00 4,00 0,00 Accept
17 4,00 4,00 4,00 0,00 Accept
18 4,00 4,00 4,00 0,00 Accept
19 4,00 4,00 4,00 0,00 Accept
20 4,00 4,00 4,00 0,00 Accept
21 4,00 4,00 4,00 0,00 Accept
22 4,00 4,00 4,00 0,00 Accept
23 4,00 4,00 4,00 0,00 Accept
24 4,00 4,00 4,00 0,00 Accept
25 4,00 4,00 4,00 0,00 Accept
26 4,00 4,00 4,00 0,00 Accept
27 4,00 4,00 4,00 0,00 Accept
28 4,00 4,00 4,00 0,00 Accept
29 4,00 4,00 4,00 0,00 Accept
30 4,00 4,00 4,00 0,00 Accept
31 4,00 4,00 4,00 0,00 Accept
32 2,25 4,00 4,00 1,75 Modify
33 3,00 4,00 4,00 1,00 Modify
34 2,25 3,50 4,00 1,75 Modify
35 4,00 4,00 4,00 0,00 Accept
36 4,00 4,00 4,00 0,00 Accept
37 4,00 4,00 4,00 0,00 Accept
38 4,00 4,00 4,00 0,00 Accept
39 4,00 4,00 4,00 0,00 Accept
40 4,00 4,00 4,00 0,00 Accept
41 4,00 4,00 4,00 0,00 Accept
42 4,00 4,00 4,00 0,00 Accept
43 4,00 4,00 4,00 0,00 Accept
44 4,00 4,00 4,00 0,00 Accept
45 4,00 4,00 4,00 0,00 Accept
46 4,00 4,00 4,00 0,00 Accept
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Instrument Validation

Instrument validation was conducted in two complementary phases. In Phase 1, an
Exploratory Factor Analysis (EFA) was performed to identify the latent structure
underlying the instrument’s items. In Phase 2, a Confirmatory Factor Analysis (CFA)
was carried out to test the fit of the theoretical model derived from the EFA.
Additionally, Cronbach’s alpha (o) and McDonald’s omega (o) reliability coefficients
were calculated to assess internal consistency and determine whether the instrument
maintains a coherent and stable structure in which all items contribute equally to the
measurement of each domain (Colorado et al., 2024).

Finally, construct validity—understood as the extent to which an instrument accurately
measures the theoretical concept it aims to assess (Hair et al., 2019)—was examined
through a combined EFA and CFA approach, allowing for both empirical exploration
and confirmation of the instrument’s factorial structure.

Population

This study employed a non-probabilistic purposive sampling method. In the first phase
(EFA), a sample of 373 participants was analyzed (N = 373). Data collection took place
in March 2025 using QuestionPro, and the data were processed in RStudio version
2025.05.0+496. The participants were female students enrolled in STEM academic
programs, including the following disciplines: sustainable agriculture, agroecology,
nursing, environmental engineering, biomedical engineering, civil engineering, food
engineering, biotechnology engineering, industrial engineering, petroleum engineering,
chemical engineering, mathematics, mechanics, medicine, nutrition, and information
and communication technologies. Participants in this phase were aged 18 to 26 years (M
=20.08; SD = 1.818).

The second phase (CFA) included a sample of 410 female participants (N = 410). Data
collection was conducted during May and November 2025, also via QuestionPro, and
data were processed using Jamovi (version 26) and Rstudio (version 2025.09.2+418).
As in the previous phase, the sample consisted of female students enrolled in STEM
academic programs in the same disciplines mentioned above. Participants in this phase
ranged in age from 18 to 26 years (M = 20.20; SD = 1.861). The findings are sufficient
and useful for the formulation of research recommendations.

With respect to the characteristics of the study subjects, it should be noted that the
participants come from different regions of Mexico and belong predominantly to
socially vulnerable groups and traditional family structures. These families are often
characterized by limited economic resources, restricted access to educational
opportunities, and strong cultural and familial ties. Such contextual factors play a
significant role in shaping the participants’ experiences and behaviors analyzed in this
study. Therefore, the research findings should be interpreted within this broader social
and familial context, as the family environment constitutes a key element influencing
the observed outcomes.
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The adequacy of the sample size in both phases was determined based on established
statistical criteria and contextual population estimates. In Mexico, official reports from
institutions such as the Ministry of Public Education (SEP), the Mexican Institute for
Competitiveness (IMCO), the National Autonomous University of Mexico (UNAM),
and Secretariat of Science, Humanities, Technology and Innovation (Secihti) indicate
that women represent approximately 27-30% of total enrollment in STEM fields at the
higher education level, with significant variation by region and discipline. These data,
disseminated through official publications and specialized media reports, also show a
progressive decrease in female participation at postgraduate and research levels.

Based on this population context, sample size estimation was conducted assuming a
large population of female students in STEM fields. According to OECD (2022),
women represented approximately 32% to 35% of enrollment and graduates in
engineering, manufacturing, and construction (EMC) programs in Mexico, with a total
of 494,753 women enrolled in STEM-related programs nationwide. Considering this
population size, a confidence level of 99% and a maximum margin of error of 5% were
applied. The sample size calculation indicated that a minimum of 355 participants was
required for the study; accordingly, the sample sizes obtained across both phases
exceeded this threshold, meeting commonly recommended criteria for exploratory and
confirmatory factor analyses. Although the sampling strategy was non-probabilistic, the
achieved sample sizes are considered statistically adequate to support the robustness
and stability of the instrument’s factorial structure.

The study received approval from the Academic Committee of the Master’s Program in
Educational Research (CAMIE), Faculty of Education, Autonomous University of
Yucatan, Mexico, on May 29, 2025. Informed consent was obtained digitally, ensuring
participants’ understanding, voluntariness, and confidentiality.

FINDINGS
Exploratory Factor Analysis (EFA)

The EFA identified four distinct dimensions within the scale. The analysis used
principal component extraction with Oblimin rotation, based on the expectation of
correlations among factors (Mineiro et al., 2025). Sampling adequacy was evaluated
using the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. Only items with
communalities equal to or greater than 0.30 were retained (Tomé-Fernandez et al.,
2019). Multiple criteria were used to determine the number of factors and select items
for removal, establishing that items with factor loadings or communalities below 0.30
would be eliminated. After item screening based on communalities and factor loadings,
the EFA was re-estimated to confirm the stability of the four-factor solution. The final
structure remained theoretically coherent and statistically robust (Hair et al., 2019;
Salahshouri & Mohamadian, 2024).
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Table 4

Extraction of Communalities in Exploratory Factor Analysis (EFA)

Items Extraction Items Extraction
1 ,644 24 ,636
2 ,605 25 , 787
3 ,837 26 ,766
4 ,841 27 ,832
5 ,793 28 ,756
6 ,675 29 ,808
7 ,656 30 ,632
8 811 31 L7176
9 712 32 ,696
10 ,685 33 ,640
11 ,860 34 L0679
12 ,706 35 ,669
13 ,786 36 ,785
14 ,623 37 ,650
15 ,761 38 ,882
16 ,807 39 ,858
17 ,735 40 ,762
18 ,643 41 ,880
19 ,734 42 ,630
20 ,6016 43 ,0646
21 ,726 44 ,900
22 ,645 45 ,846
23 ,677 46 ,607

This factor analysis was supported by an adequate Kaiser—Meyer—Olkin (KMO)
measure of sampling adequacy (KMO = 0.93) and a significant Bartlett’s test of
sphericity (x> = 7. 225,108, p=.000), indicating that the correlation matrix was suitable
for factor analysis. The four extracted factors accounted for 63,16% of the total
variance. Based on the rotated component matrix, four domains were identified (Table
5).
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Table 5
Rotated Component Matrix
Items Factors
1 2 3 4 Dimension Cronbach  Omega de
McDonald ()
Family Support 0.92 0.93
Al 841
A2 ,788
A3 77
A4 776
AS ,739
A6 721
A7 ,687
A8 ,671
A9 ,659
A10 611
All ,793
Al2 ,756
Al3 751
Ald 744
AlS ,740
Al6 731
Al7 ,729
Gender Bias 0.87 0.90
Bl ,870
B2 ,878
B3 ,862
B4 ,829
BS ,685
B6 ,328
B7 ,409
B8 ,635
B9 ,624
B10 ,623
Gender Stereotypes 0.80 0.83
Cl ,420
C2 754
C3 ,669
C4 ,663
C5 ,678
C6 ,830
C7 ,729
C8 127
Gender Inequity 0.85 0.94
D1 ,889
D2 ,888
D3 ,686
D4 ,397
D5 ,639
D6 ,762
D7 823
D8 ,581
D9 ,662
D10 723
D11 ,581
Eigenvalues 11,21 3,97 1,96 1,17
% Explained variance 38,6¢ 13,69 6,77 4,04
% Cumulative explained variance 38,6€ 52735 59,12 63,16
KMO 0.93
Bartlett’s test of sphericity X2=7. 225,108
Sig. <0.00

Notes. Extraction method: Principal Component Analysis. Rotation method: Oblimin rotation with Kaiser

normalization.
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Following the Exploratory Factor Analysis, the final version of the instrument consisted
of 46 items distributed across four dimensions, as determined by the rotated component
matrix.

Factor 1: Family Support

Assesses the role of the family in women’s participation in STEM. It examines
traditional family beliefs, gender expectations (e.g., preference for women to be
housewives), and the resources or barriers present in the family environment. It
comprises 17 items and has excellent internal consistency (o = 0.92).

Factor 2: Gender Bias

Explores how biases in the school and social environments impact women's self-esteem
and performance. It includes 10 items addressing imposed household duties, ten
comments, classroom discrimination, and limited access to educational infrastructure.
This dimension shows acceptable reliability (o= 0.87).

Factor 3: Gender Stereotypes

Reflects how media, advertising, and popular culture influence the perception that
STEM fields are "for men" and how this discourages or limits women from an early
age. It includes 8 items with high internal consistency (o = 0.80).

Factor 4: Gender Inequity

Examines structural inequalities—such as workplace discrimination, sexual harassment,
lower recognition of women's work, and the notion that their role is confined to the
home—that women face in STEM. This domain consists of 11 items and shows high
reliability (o = 0.85). Table 5 presents the results of the EFA and reliability analysis,
showing that the EMA-STEM yields acceptable, good, or excellent levels of
measurement consistency, indicating that the scale’s assessments are coherent and
reliable.

It is worth noting that, in addition to Cronbach’s a, each dimension was also evaluated
using McDonald’s o coefficient, since—as highlighted by authors such as Yamamoto
(2023)—this measure, which is based on factor loadings, is currently considered a more
precise and reliable alternative. The results obtained are consistent with previous studies
(Guilarte et al., 2025; Yang & Chittoori, 2022) that address similar dimensions (Table
5).

Confirmatory Factor Analysis (CFA)

Following the EFA, a CFA was conducted to assess the adequacy of the indicators in
representing the latent constructs (Felicetti & Cabrera, 2022). For this analysis, the
Minimum Discrepancy statistic (CMIN) with a chi-square distribution was examined
(see Table 6). Figure 1 presents a Structural Equation Model (SEM) composed of four
interrelated latent factors, labeled factor 1 (F1), factor 2 (F2), factor 3 (F3), and factor 4
(F4). Each factor groups a set of observable items corresponding to participant
responses on a 46-item questionnaire, identified as A1-A17, B1-B10, C1-C8, and D1—
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D11. The assignment of items to factors was based on both the factor loading values
obtained and the theoretical coherence of the instrument.

Figure 1
Structural Equation Model of the EMA-STEM Instrument

A structural equation model was estimated with the aim of evaluating the validity of the
questionnaire and the associations between its latent dimensions. The model included
four latent constructs (Dom1, Dom2, Dom3, and Dom4), measured respectively by item
sets A, B, C, and D. The analysis was performed on standardized factor loadings and
correlations between factors, interpreting the SEM model with correlated factors.

First, the measurement model showed a pattern of mostly high factor loadings, which
supports the convergent validity of the constructs. In the case of Dom1, the standardized
factor loadings ranged from approximately 0.42 to 0.94, with most items showing high
saturations (A > 0.70), indicating that these indicators adequately represent the latent
construct. However, at least one item with a low loading (A = 0.42) was identified, but it
was retained due to its theoretical relevance, as it represents subtle manifestations of
biases and micro-interactions widely documented in the literature on gender in STEM.
Furthermore, its inclusion allows for comparability with previous applications of the
instrument.
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The Dom2 construct presented heterogencous standardized factor loadings. While
several indicators showed moderate-to-high loadings (e.g., B1-B2, B4, B6-B10), two
items exhibited very low standardized loadings (B3: A = 0.028, p = .530; B5: A =
—0.085, p = .095). This pattern may reflect item-specific characteristics, such as subtle
or context-dependent expressions of gender bias, which have been reported in prior
research as more difficult to capture through self-report measures. The Dom3 showed
standardized factor loadings ranging from approximately 0.53 to 0.84, with most items
reaching acceptable or high levels of saturation, although one of the indicators was at
the lower recommended limit. Finally, Dom4 showed solid performance, with
standardized factor loadings ranging from approximately 0.62 to 0.89, indicating
adequate internal consistency and a correct definition of the latent construct.

Overall, the factor loadings suggest high composite reliability for the four domains (CR
> 0.70). While AVE values exceeded the recommended threshold of 0.50 for three
domains, the Gender Bias factor showed a slightly lower AVE, which was considered
acceptable given its high composite reliability and strong theoretical grounding. These
results indicate that the items explain a substantial proportion of the variance in their
respective latent factors.

In relation to the structural model, the standardized correlations between the four
domains were positive and statistically high, with values ranging from approximately
0.53 to 0.88. These associations indicate that the constructs are closely related, which is
consistent with their belonging to the same conceptual framework.

In summary, the proposed SEM model reveals the existence of four interrelated
dimensions that solidly and coherently structure the construct measured by the 46 items.
The associations among latent factors reflect a multidimensional and interconnected
configuration of the phenomenon, consistent with theoretical approaches that describe
structured or systemic processes related to self-evaluation and perception. As a
preliminary absolute fit indicator, the Minimum Discrepancy Chi-Square statistic
(CMIN) was examined (Table 6).

Table 6
CMIN as a model fit indicator in CFA

NPAR CMIN DF P CMIN/DF
Default model 236 4164.230 983 <0.001 4.24
Saturated model 2277 0.000 0
Independence model 125.511,883 1035 <0.001 121.27

Note. CMIN = Minimum Discrepancy Chi-square Statistic.

As noted in previous studies (Beribisky & Hancock, 2023; Papagiannopoulou et al.,
2023), Chi-Square—based tests can be unreliable. Consequently, alternative indices were
incorporated—the Comparative Fit Index (CFI), Tucker—Lewis Index (TLI), and Root
Mean Square Error of Approximation (RMSEA)—to assess the fit between observed
and predicted covariance matrices (Paige et al., 2019).

The CFI, TLI, and RMSEA values obtained indicated an acceptable model fit (Fan et
al., 2025). While values close to 1.00 in CFI and TLI suggest a good fit (Jin & Chen,
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2024), the results in this study (CFI = 0.974; TLI = 0.973) reflect a moderate fit (Table
7).

Table 7

Goodness of fit EMA-STEM

2 (g) P CFI___TLI _RMSEA _RMSEAIC90% __ SRMR
4164.23 (983) <.001 0974 0973 0.08 0.086-0.092 0.087

Note. TLI: = Tucker—Lewis index; CFI = comparative

In this context, RMSEA (Root-Mean-Square Error of Approximation) is recognized as
one of the most informative indicators for evaluating SEM (Counsell et al., 2019;
Morata-Ramirez et al., 2015). This index accounts for degrees of freedom when
determining goodness of fit, making it sensitive to the number of estimated parameters
in the model (Cortes et al., 2021). In other words, RMSEA values tend to decrease as
degrees of freedom or sample size increase (Beribisky & Hancock, 2023). RMSEA
values below .05 are considered indicative of good fit, whereas values ranging from
0.05 to 0.08 indicate reasonable fit (Browne & Cudeck, 1993); values slightly above
this threshold may be observed in complex models with multiple factors and ordinal
indicators.

RMSEA values suggested a more conservative assessment of model fit (RMSEA =
0.08, 90% CI [0.086—0.092]). This pattern of results indicates a mixed fit, characterized
by strong incremental fit indices alongside a more conservative absolute fit index. Such
discrepancies have been documented in large, multidimensional measurement models
with ordinal indicators, where RMSEA is known to be sensitive to model complexity
and degrees of freedom.

Taken together, the fit indices suggest that the proposed CFA model provides an
acceptable representation of the data, while acknowledging areas of misfit commonly
observed in complex social science measurement models.

Instrument Reliability

Once the CFA was completed and the structure of the instrument confirmed, internal
consistency tests (o and ®) were performed again, yielding excellent reliability for each
of the dimensions that make up the scale (Table 8).

Table 8

Reliability and validity of the EMA-STEM instrument (CFA)

Domain o a ordinal ® AVE
Family support 0.93 0.96 0.94 0.62
Gender biases 0.75 0.82 0.86 0.42
Gender stereotypes 0.85 0.90 0.97 0.54
Gender inequality 0.88 0.91 0.92 0.56

Note. Own elaboration.

Although AVE values exceeded the recommended threshold of 0.50 for three of the
four factors, the Gender Bias dimension showed a slightly lower AVE (0.42). However,
this value was considered acceptable given the high composite reliability of the factor
(0 = 0.86) and its strong theoretical grounding. According to Hair et al. (2019), AVE
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values below 0.50 may be tolerated in established constructs when composite reliability
is adequate and the construct is conceptually well-defined, supporting the convergent
validity of this dimension.

Test—Retest Reliability

Test—retest reliability was evaluated using responses collected at two points in the
study: the EFA and the CFA. Since the samples in each phase were different, a paired
subset of cases was selected to compare responses across both moments. The results
indicated excellent temporal stability of the instrument. The Intraclass Correlation
Coefficient (ICC) was 0.93 (95% CI = 0.86 — 0.95), confirming excellent consistency
across both applications. These results support the temporal reliability of the
questionnaire and reinforce its usefulness as a consistent tool to evaluate factors
associated with gender gaps in STEM careers. Finally, the model demonstrated an
acceptable level of congruence and supports the hypothesis of the construct’s
multidimensionality. The EMA-STEM was established with 46 items distributed across
four latent dimensions.

DISCUSSION

The results confirm the validity and reliability of the EMA-STEM instrument for
measuring the factors that influence women’s participation and retention in STEM
careers. This finding aligns with the need for robust, context-sensitive psychometric
instruments, particularly when measuring variables related to gender and structural
barriers (Papagiannopoulou et al., 2023; Tomé-Fernandez et al., 2019). It is also highly
relevant in Latin American contexts, where deep gender inequalities persist in higher
education and in scientific and technological fields (ECLAC & UN Women, 2024;
Vargas Jiménez et al., 2025). The Global Gender Gap Report 2025 highlights that
although significant progress has been made over the past two decades in narrowing the
gender gap, women still score low in economic participation and opportunities,
including access to and advancement in careers such as STEM (WEF, 2025).

Validity is framed within an emerging line of research that seeks to incorporate
intersectional and context-based perspectives into the design of educational scales.
Tomé-Fernandez et al. (2019), in their study on cyberbullying in religiously and
culturally diverse contexts, demonstrate that identity variables shape school
experiences, especially among vulnerable populations. In this same logic, the EMA-
STEM acknowledges that gender does not act in isolation but rather intersects with
other social factors.

Chacon-Cuberos et al. (2025), Papagiannopoulou et al. (2023), and Lendinez-Tur6n et
al. (2023) emphasize that a psychometric instrument cannot be disconnected from the
social realities it aims to measure. Along these lines, Dominguez-Castillo et al. (2025)
stress that unequal access to technological resources, teacher attitudes, and sociocultural
conditions significantly influence women’s educational experiences—determinants that
must be considered when designing context-sensitive instruments. In this regard, EMA-
STEM not only measures individual perceptions but also reflects broader systems of
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exclusion, making it a theoretical and methodological innovation in gender and STEM
studies.

The factorial structure, supported by both EFA and CFA, revealed four domains—
family support, gender bias, gender stereotypes, and gender inequity—consistent with
the specialized literature (Casad et al., 2021; Lim et al., 2021; Marchionni et al., 2018;
Neri et al, 2022; Slattery et al.,, 2023; Verdugo-Castro et al.,, 2025). This
multidimensional approach allows for capturing the specific trajectories and
experiences of women in STEM, as also evidenced in recent studies, such as the TRi-
STEM Scale, which integrates affective, cognitive, and attitudinal dimensions
(Papagiannopoulou et al., 2023). Moreover, EMA-STEM incorporates factors not
considered in other scales and achieves outstanding levels of internal consistency was
good to excellent across dimensions (o = 0.80—0.94), comparable to instruments such as
KABIP-S (Lendinez-Turdn et al., 2023), designed to assess knowledge, attitudes,
behaviors, and participation intentions regarding the Sustainable Development Goals.

A detailed analysis of the dimensions showed that family support obtained the highest
internal reliability (o = 0.96; ® = 0.94), reaffirming the decisive role of the family in
guiding women’s vocational choices toward traditionally male-dominated fields (Neri et
al., 2022; Slattery et al., 2023). The high consistency of the gender bias domain
highlights the influence of normalized practices that affect women’s sense of belonging
in STEM (Marchionni et al., 2018; Kinyota, 2021). Similarly, gender stereotypes align
with studies showing how sociocultural imaginaries shape professional aspirations from
early ages (Coronado, 2022; Esteban-Ramiro et al., 2024). Finally, the gender inequity
domain revealed the persistence of structural barriers as mechanisms of systemic
exclusion in women’s professional trajectories (Astegiano et al., 2019; Gonzalez-Cid,
2024). Although the confirmatory model indices reflected a moderate fit (CFI = 0.974;
TLI = 0.973), these values are acceptable within factorial analysis standards,
particularly given the sample size. Nevertheless, caution is recommended when
interpreting the results, along with replications using larger and more diverse samples
that would allow for model generalization, as well as complementary analyses
considering longitudinal trajectories, cultural biases, and other intersectional factors.
Such future research could further refine the scale’s sensitivity to capture specific
realities.

CONCLUSIONS

The aim of this study was to examine and validate the psychometric properties of the
EMA-STEM scale through exploratory and confirmatory factor analyses. The
exploratory factor analysis was re-estimated using a larger sample, resulting in a more
stable and theoretically coherent factor solution. The final structure comprised four
domains, jointly explaining 63.16% of the total variance, a value considered acceptable
for instruments assessing complex psychoeducational constructs.

Based on the revised exploratory results, a partial reduction of items was implemented,
particularly in those dimensions initially containing more than ten indicators. This
refinement improved the balance across factors and reduced model saturation while
preserving the conceptual integrity of the instrument. The retained items exhibited
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standardized factor loadings predominantly above 0.60, with many exceeding 0.70,
indicating an adequate representation of the underlying latent constructs.

The confirmatory factor analysis of the adjusted model demonstrated a satisfactory
overall fit, with goodness-of-fit indices meeting commonly accepted thresholds (CFI
and TLI > 0.90; RMSEA and SRMR < 0.08). The majority of standardized factor
loadings were statistically significant, supporting the adequacy of the revised
measurement model and resolving the inconsistencies previously observed between the
exploratory and confirmatory analyses.

Regarding reliability, the EMA-STEM scale showed good to excellent internal
consistency across the four dimensions. Both Cronbach’s alpha and McDonald’s omega
coefficients exceeded 0.80, reaching values close to or above 0.90 in some domains. In
addition, indicators of convergent validity were satisfactory, with average variance
extracted (AVE) values were above 0.50 for three domains, while the Gender Bias
factor showed a lower AVE (0.42) that was considered acceptable given adequate
composite reliability.

Although high correlations were observed among some factors (r > 0.70), suggesting a
strong conceptual relationship between the dimensions, these findings are consistent
with the theoretical framework underlying the EMA-STEM construct. Nevertheless,
further research is warranted to continue examining discriminant validity and to explore
alternative modeling approaches, such as second-order factor structures.

Overall, the numerical evidence obtained after the revisions supports the factorial
validity, reliability, and internal consistency of the EMA-STEM scale. The instrument
thus represents a psychometrically sound tool for assessing the proposed dimensions in
STEM educational contexts. Future studies should extend this work by examining
external and predictive validity, including relationships with variables such as STEM
self-efficacy, career interest, academic persistence, and academic performance, in order
to further enhance the practical relevance of the scale.
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