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ARTICLE INFO ABSTRACT

The observed gap between the international need for specialized human capital in
scientific and technological disciplines and the decline in university enrollment in
these areas has raised concerns about the economic future of regions related to
knowledge production. The objective of this research is to determine the differences
perceived by high school students living in localities with varying degrees of
marginalization, among the variables: Family Support, Teacher Support, Peer
Support, Expectations, and Self-efficacy in relation to Interest in STEM careers. A
quantitative, correlational, and explanatory study is presented, with a sample of 828
students from 13 rural high school institutions. Through statistical tests of linear
regression, bivariate correlation, and Student's t-test, it was shown that the model
and its variables explain 50% of the interest in university degrees in STEM and
revealed some interesting differences between population groups living in different
conditions of marginalization. The importance of family support and the perception
of self-efficacy in both populations was identified, as well as the influence of
teachers, mainly on students living in localities with a High Level of
Marginalization. Likewise, differences were observed in the significance of career
expectations, being higher for those with a Lower Level of Marginalization.

Keywords: Rural students, marginalization, STEM

Introduction

The scientific and technological growth of nations is closely related to economic growth and the ability to
generate opportunities for social well-being, value, and wealth for their citizens (Comisién Econémica para
América Latina y el Caribe [CEPAL], 2004). Current economies require specialized human capital focused on
research, engineering, and technology (Garcia & Sanchez, 2017) that contributes to meeting the needs of the
industry and generating competitive advantages, through the strengthening of disciplines globally known as
STEM, an acronym for science, technology, engineering, and mathematics.

Statistics predict that the need for human capital in STEM in 2025 will be 12.1% higher, as opposed to the
projected increase for other occupations (3.8%) (Danish Technological Institute, 2015). However, globally,
there is a [gradual distancing of young people from STEM studies and a low demand for scientific and
technological careers (Biel-Maeso et al., 2022), creating an imbalance between the supply and demand of
specialized human resources.

In Mexico, university enrollment data show a significant decline in STEM-related disciplines (Asociacion
Nacional de Universidades e Instituciones de educacion Superior (ANUIES), 2018), despite the increasing
demand for professionals in industries such as Automotive, Biotechnology, Energy, Information Technology,
and Aerospace (Fundacion México-Estados Unidos para la Ciencia, 2018.). This issue becomes even more
relevant when considering the marked socioeconomic differences between the country's regions, placing the
southeastern region at a clear educational and economic disadvantage compared to the central and northern
states.
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An example of this is the state of Tabasco, where the level of social lag is classified as Medium (Subsecretaria
de Planeacion Evaluacion y Desarrollo Regional [SEDESOLY], 2018), with marked gaps between urban and rural
localities. More than half of the state's population (54%) lives in poverty (38.9% moderate and 14% extreme)
(Secretaria de Bienestar, 2023), meaning they earn less than the welfare line, which prevents them from
covering the minimum needs of food and non-food baskets ((Consejo Nacional de Evaluacion de la Politica de
Desarrollo Social [CONEVAL], 2016). It is noteworthy that 43% of the population lives in rural communities
(Instituto Nacional de Estadistica y Geografia [INEGI], 2020b), which complicates access to quality education
opportunities, as well as incentive and training programs. Additionally, unemployment rates are the highest in
the country (Instituto Nacional de Estadistica y Geografia [INEGI], 2024), despite the state's potential in oil,
livestock, and agriculture, and its proximity to the country's main ports and consumption centers (Secretaria
de Economia [SE], 2017).

In this context, promoting the study of STEM disciplines becomes relevant as a strategy to reduce social
inequalities. According to data from the National Occupation and Employment Survey (ENOE), the highest-
paying professional fields are Architecture, Engineering, and Physical-Mathematical Sciences, with Physics
being the highest-paying career (Secretaria del Trabajo y Previsién Social, 2022), which represents an
opportunity for social mobility. Additionally, the state's industry increasingly requires better human resources,
opening opportunities for more dignified jobs, mainly in renewable energy, agroindustry, and petrochemicals,
with oil mining contributing the most to the state's GDP (Instituto Nacional de Estadistica y Geografia [INEGI],
2021).

Some authors suggest that there is greater interest in studying STEM careers in populations with lower social
development (Aschbacher et al., 2010); however, given the context described, the structural differences that
limit access to these careers cannot be ignored. Unlike urban areas, where there are appropriate spaces for the
study and development of these disciplines, rural localities face various challenges, including the scarcity of
resources to offer specialized courses or programs in educational institutions (Burton et al., 2014).
Identifying how the degree of marginalization of students' residence influences their interest in university
STEM careers will broaden the perspective and generate strategies to encourage interest, improve access
patterns, and reduce school dropout rates, enabling the generation of high-level human resources that meet
the requirements of Tabasco's industry. This research aimed to determine the differences among high school
students from rural institutions, considering the degree of marginalization of their locality of residence, in
relation to Interest in university STEM careers. To this end, the following variables were analyzed: Family
Support, Teacher Support, Peer Support, Expectations, and Self-efficacy.

Literature Review

Vocational Interest in STEM

Vocational choice is a complex process that encompasses cognitive and emotional elements, making it difficult
to predict interest in studying STEM disciplines (Maltese et al., 2014). However, it has been studied that
personal characteristics, psychological state, contextual characteristics, and the educational environment are
fundamental elements in this process (Krapp, 1999). Various studies worldwide have shown some variables
that influence the choice of university STEM careers (Aschbacher et al., 2014; Hasni & Potvin, 2015; Ing, 2014;
Perera & Mcllveen, 2017; Vazquez-Alonso & Manassero-Mas, 2015), among which the following stand out:
Family Support, including parental education level, occupation, job stability, socioeconomic status, and
support in extracurricular activities; the school environment and Teacher Support (Vazquez-Alonso &
Manassero-Mas, 2015), as well as the attitudes of classmates and friends (Peer Support) (Osborne et al., 2003).
These studies highlight that individuals who receive support from their communities have more opportunities
to show and consolidate scientific interests, orienting themselves toward STEM vocations (Aschbacher et al.,
2010; Hillman et al., 2016). Undoubtedly, gender is also an important predictor for vocational choice, as
stereotypes can negatively influence the perception of STEM-related abilities, as well as their involvement and
interest in developing future careers in these areas (Gardufio & Reyes, 2022).

Social Support

Adolescence is a stage of high vulnerability for individuals, making the support they receive from their
environment essential for development and adaptation (Orcasita & Uribe, 2010). Social support represents a
fundamental component for individual and family well-being, primarily responding to processes of change and
personal development, and is crucial in preventing and reducing deficiencies in the academic process, acting
as a physical and psychological protective factor (Manrique-Millones et al., 2020).

Generally, two types of support can be observed: informal, stemming from interactions with family and friends;
and formal, developed in groups, such as the school environment; both being equally important and necessary.
The emotional, material, and informational support provided by the environment becomes a protective factor,
helping individuals face risky situations, reinforce their self-esteem, and, in general, create an environment of
well-being and a positive perception of their surroundings (Chavarria & Barra, 2014). In this way, the advice,
comments, and expectations of those around them influence their perception of their own abilities for optimal
development in STEM areas.
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Self-efficacy

Academic performance and motivation are directly related to the perception of self-efficacy. Students'
perceived confidence in their own abilities is decisive in vocational choice (Moakler & Kim, 2014). In general,
those who show achievements and confidence in mathematics and high school averages are more likely to
choose and complete a degree in STEM. The perception of self-efficacy in STEM activities has a positive
influence on professional interest, making it essential to pay attention to career stereotypes among students
and attempt to transform these conceptions into more friendly, realistic, and diversified ones (Luo et al., 2021).

Expectations

The imagined future, monetary benefits, social recognition, and self-satisfaction generate expectations that
impact academic interest and are a critical mediator in the choice of university careers (Nugent et al., 2015), in
such a way that individuals are more likely to choose to engage in an activity if they consider that it will have
valuable results in their future (Roller et al., 2018). Both self-efficacy and expectations predict professional
interest in STEM, this relationship emphasizes the subjective values attributed to tasks, such as interest, cost,
achievement, etc.; but also shows the influence of beliefs and the social and cultural environment surrounding
the student, who, through comments and perceptions from those around them, goals, and obstacles, will
determine their career inclinations (Vazquez-Alonso & Manassero-Mas, 2015), however, students' stereotypical
beliefs about these disciplines are negative vocational predictors (Luo et al., 2021).

Sociocultural Context

The social and cultural environment in which individuals develop directly influences personal development,
ideas, and behaviors, linked to the relationship with groups that share political, religious, scientific, and
technological interests. Thus, the sociocultural level is directly related to career choice, showing significant
differences between groups. It has been observed that members of segregated groups show greater willingness
and interest in science, mathematics, and technology; likely due to expectations of improvement and better
living conditions; however, they are not the ones who continue this vocational path (Aschbacher et al., 2014;
Christensen et al., 2014).

It has been shown that the sociocultural level conditions parents' educational practices, students' self-esteem
levels, as well as psychosocial development, which implies expectations of social and academic success (Alonso
& Roman, 2014) In the study conducted by (Everis (2014), it was observed that 44% of students with a high
sociocultural level choose STEM studies, while only 24% of those with a low level follow this path, showing a
concerning difference.

Rural Population and Marginalization

Marginalization is the set of disadvantages faced by individuals and families living in a community or locality
and is conceived as a structural social problem, characterized by a lack of development opportunities and the
capacities to acquire them. The marginalization index allows for the dimensioning and visualization of those
social sectors in this position, stratifying them into 5 degrees, using information available in population
censuses. According to statistics, rural populations concentrate the lowest socioeconomic levels in Mexico,
showing that people living in remote and dispersed settlements present high degrees of marginalization and
social lag. In these areas, extreme poverty reaches 17.4% of the population, compared to urban areas where this
indicator is at 4.4% (Consejo Nacional de Poblacion [CONAPO], 2019).

As previously mentioned, the state of Tabasco has a high concentration of rural populations (Instituto Nacional
de Estadistica y Geografia [INEGI], 2020a), implying high sociocultural and economic lag, as well as limited
access to quality educational opportunities, as the academic performance of students in rural environments
shows a higher degree of failure and school dropout than in urban environments. The limited access to
incentives, training, and STEM projects discourages interest in the area and distances youth from scientific and
technological interest (Polasek & Kolcic, 2006).

Methodology

The study design is non-experimental and cross-sectional, without deliberate manipulation of variables and
collecting data at a single point in time. This allows for the observation of the phenomenon, as well as the
description and analysis of population behavior (Cortés & Iglesias, 2004). The study is developed with a
quantitative approach, correlational and explanatory scope, seeking to analyze the relationships between the
established variables and explain the differences in the studied population groups (Hernandez & Mendoza,
2018).

Participants

The population consisted of students enrolled in rural high school institutions in the state of Tabasco, selecting
those near areas (within a 60 km radius) with the highest educational offerings in STEM undergraduate
programs. Through non-probabilistic quota sampling (Chica & Castejon, 2006), 828 students from 13 rural
institutions in 5 municipalities of Tabasco were chosen. To establish the rural characteristic, the search and
location were based on the microregions established by the National Institute of Statistics and Geography
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(INEGI, 2019). Additionally, a variable related to the level of marginalization of the students' localities of
residence was generated, using microregion statistics from (Instituto Nacional de Estadistica y Geografia
[INEGI], 2023) highlighting that one-third reside in populations with a high degree of marginalization (Table
1).

Table 1. Degree of Marginalization of the Locality of Residence of the Surveyed Population.

Degree of Marginalization Frequency Percentage
Very low 117 14.1

Low 195 23.6
Medium 206 24.9

High 273 33.0

Total 791Y/ 95.5Y

Note. *1/"The difference with the total number of students surveyed corresponds to missing data.
Source. Own elaboration with data from INEGI, 2023.

Data Collection Procedures

After preliminary talks with school authorities, authorization was requested to apply the questionnaire, and the
number of participating students from each selected institution was established, ensuring diversity and gender
parity to provide greater certainty to the results. Voluntary participation of the students was requested, with
prior informed consent. Data collection was carried out through a self-administered questionnaire, with the
support of the research group.

The questionnaire was designed based on a documentary review of other instruments used worldwide that
measure the variables of interest from which items were adopted and adapted to the study environment, which
was qualitatively validated by a group of experts with publications on vocations in STEM disciplines. To
understand the participants' reactions, they were presented with a set of questions in the form of statements,
asking for their response through a Likert scale with five response options: 1. Strongly Disagree, 2. Disagree, 3.
Neither Agree nor Disagree, 4. Agree, and 5. Strongly Agree (Muiiz, 2018).

Data analysis

Cronbach's Alpha coefficient showed that the instrument has a high level of reliability, ensuring internal
consistency, with values close to .80: Family Support, .84; Peer Support, .78; Teacher Support, .85; Self-
efficacy, .83; Interest, .79; and Outcome Expectations, .82 (Cronback LJ, 1951).

Upon obtaining a Kaiser-Meyer-Olkin (KMO) result = .95 and Bartlett's sphericity with significance values of
*p* <.000, it was shown that the criteria for conducting Exploratory Factor Analysis (EFA) were met (Zalazar-
Jaime & Cupani, 2018), to validate the construct.

Thus, an Exploratory Factor Analysis (EFA) was conducted using the maximum likelihood factor extraction
method with direct oblimin rotation, resulting in total variances with acceptable percentages, above 51.06%
(Hernandez-Mena, 2021; Magafna Medina et al., 2022). Through structural equations, the measurement
models for each variable were analyzed, with the support of AMOS software version 26. To ensure that the
estimation results were not affected by normality issues, the AMOS bootstrap method was used (with 2,000
repetitions and a 95% confidence interval) (Rojas-Torres, 2020). The maximum likelihood estimation method
was used to calculate the goodness-of-fit indices, absolute fit, and incremental fit, obtaining highly satisfactory
values (Table 2).

Table 2. Fit Indices of the Measurement Models for Each Studied Variable.

Variable CMIN/DF SRMR AGFI TLI CFI RMSEA
Valores esperados 1a3 <.08 >.90 >.90 > .95 <.06

Family Support 1.85 .01 .08 .99 .99 .03 [.00-.07]
Peer Support 1.44 .00 .99 .99 .99 .02 [.00-.07]
Teacher Support 2.45 .01 .98 .99 .99 .04 [.00-.08]
Self-efficacy 2.19 .01 .08 .99 .99 .03 [.00-.07]
Expectations 0.79 .00 .99 1.02 1 .00 [.00-.04]
Interest 3.36 .01 .98 .98 .99 .05 [.00-.12]

Note. N= 828. Reference values taken from: (Arias, 2008; Manzano & Zamora, 2010).
Results

The capture and analysis of the collected data were performed using the IBM SPSS Statistics 25 program,
verifying data integrity, for which incomplete questionnaires were discarded, and missing and atypical data
were identified. Through descriptive statistics, the sample and data distribution were characterized. The gender
distribution of the sample was very homogeneous, with 50.5% (418) men and 49.5% (410) women, aged
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between 17 and 21 years. All of them study in rural schools, and only 22% live in an urban area, while 78%
reside in a locality considered rural.

To contrast the research hypotheses, the t-test was used to establish the differences between the population
groups. Finally, a hierarchical regression analysis was performed to explain the variable Interest in STEM
disciplines in the two studied population groups (Kerlinger & Lee, 2002).

To explain students' interest in STEM disciplines based on the degree of marginalization, the 5 defined levels
(very low, low, medium, and high) were divided into only two groups, with the first two levels in the first
population group called Low Marginalization Level, and the last two as High Marginalization Level.
Subsequently, a hierarchical regression analysis was performed to explain the variable Interest in STEM
disciplines in the two defined population groups (Kerlinger & Lee, 2002).

Analysis of variance
Through the statistical analysis of variance, the means of two or more independent populations with normal
distribution and homogeneous variance were compared simultaneously (Ho & Lin, 2003). The statistical
results showed that all the studied variables present significant differences in the comparison of the population
groups, except for self-efficacy. Teacher Support is the variable with the largest effect size at 38%, with the
highest mean in the high marginalization level (see Table 3).
Table 3. Student's t-test and Effect Size of the Model Variables
Degree of Marginalization
Variable Low High

M DE M DE t D Cohen
Family Support 3.99 0.81 4.12 0.74 -2.18* -0.16
Peer Support 3.85 0.72 4.01 0.64 -3.16** -0.23
Teacher Support 3.82 0.79 4.11 0.72 -4.98*** -0.38
Self-efficacy 3.68 0.74 3.75 0.69 -1.19 -0.09
Interest 3.57 0.90 3.75 0.87 .2.74%% -0.20
Expectations 3.93 0.69 4.03 0.62 -2.13% -0.15

Note. N= 828. *p<.05, **p<.01, ***p<.001

Correlation

Table 4 shows the bivariate correlation analysis between the study variables and the level of marginalization,
highlighting again the impact of Teacher Support.

Table 4. Mean, Standard Deviation, and Correlations Between the Degree of

Marginalization of the Surveyed Population and the Model Variables.

Variable M DE M F P D AF I E
DOM 2.80 1.070 1

F 4.03 0.80 0.09™ 1

P 3.90 0.70 0.10™ 0.58™ 1

D 3.01 0.79 0.19™ 0.50™ 0.59™ 1

AF 3.70 0.73 0.07" 0.48™ 0.51™ 0.53™ 1

I 3.62 0.91 0.11" 0.50™ 0.48™ 0.50™ 0.65" 1

E 3.96 0.68 0.09™ 0.53" 0.54" 0.53" 0.48™ 0.50" 1

Note. *p<.05, **p<.01, ***p<.001. DOM= Degree of Marginalization, F=Family Support, P= Peer Support, D=
Teacher Support, AF= Self-efficacy, I= Interest, E= Expectations.

Regression analysis

The linear regression analysis of the model, based on the low marginalization level, highlights that the variables
positively and significantly predict interest, explaining 50% of the variance (R*2”=50, *p*<.001) (Table 5).
The highest values are found in Family Support (f=.50, *p*<.001) and Self-efficacy (f=.62, *p*<.001), while
Expectations have fewer influence (f=.16, *p*<.001).

Table 5. Linear Regression of the Model Variables for Interest in STEM in Individuals with

Low Marginalization Level.

Variable B 95%CI B R2 AR2

Step1: F .56 [.47-.64] .50%** 25%** 25%*¥
Step 2: P .40 [.29-.51] .33%*¥ .3o¥¥* .Q7FF*
Step 3: D .30 [.20-.40] Dy A g7EEE .05%**
Step 4: AF .52 [.43-.64] H2FF* 48%** A1FEE

Step5: E .21 [.11-.32] 16%*F .50%%* LO1%**
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Note. N = 273; *p<.05, **p<.01, ***p<.001. F=Family Support, P= Peer Support, D= Teacher Support, AF=
Self-efficacy, E= Expectations, CI = Confidence Interval for f.

When performing the same analysis for the high marginalization level, it is shown that all variables significantly
explain interest in STEM careers, with 51% of the variance (R"2"=51, *p*<.01) (Table 6).

In this group, Family Support also significantly explains interest in STEM (B=.45, *p*<.001), as does Self-
efficacy (B=.53, *p*<.001).

Table 6. Linear Regression of the Model Variables for Interest in STEM in Individuals with

High Marginalization Level.

Variable B 95%CI B R2 AR2
Step1: F .53 [.40-.65] 45%FF 20%*¥ 20%**
Step 2: P .38 [.21-.55] 28F¥* 26%F* .05%*¥
Step 3: D .33 [.18-.48] Dl A ) .05%**
Step 4: AF .66 [.53-.78] 53FH* .50*** 1Q***
Step 5: E 18 [.02-.33] 13* 51%% .00*

Note. N = 273; *p<.05, **p<.01, ***p<.001. F=Family Support, P= Peer Support, D= Teacher Support, AF=
Self-efficacy, E= Expectations, CI = Confidence Interval for 3.

In both marginalization levels, the model significantly explains interest in STEM disciplines, with a slight
difference between the two population groups.

Discussion and Conclusions

The marked structural differences in access to education depending on the context, rural or urban, in which
students develop in the state of Tabasco, where there is a high level of social inequality, highlights the need to
establish strategies, from public policy, that take into account socioeconomic characteristics, to understand and
contribute to reducing gaps (Consejo para la Evaluacién de la Educacion del tipo Medio Superior A.C.
[COPEEMS], 2019). It is noteworthy that higher education, the growth of enrollment, and terminal efficiency
are key to social mobility; however, it is necessary to address other factors, such as equal opportunities and the
availability of quality jobs that provide better development opportunities (Perezchica, 2023), through a holistic
understanding of the societies targeted by policies.

The studied model and the variables included in it largely explain interest in STEM disciplines in students living
in communities with a Low Level of Marginalization, with only a 1 percentage point difference compared to
those with a High Level, providing an interesting perspective on what happens socially and personally with
students regarding their professional interests related to STEM. In both populations, Family Support and the
perception of Self-efficacy were variables with a high degree of significance, being slightly higher in students
with a Low Level, which provides a perspective on where strategies to attract students to the area should focus.
The effect of Teacher Support on students with a High Level of marginalization stands out, clearly showing the
influence that teachers have on students; the fewer development opportunities the localities where they live
present, the greater the influence that their teachers can have on their professional decisions. Teacher Support
is fundamental for making vocational decisions; therefore, if teachers are convinced of the importance of these,
they generate spaces for student engagement, recognizing interesting and fun STEM learning methods and
models, which can impact student learning outcomes (Nurfirani & Kristayulita, 2024). However, it should not
be ignored that teachers also face difficulties in fulfilling their tasks, as they largely depend on the level achieved
by students in previous levels of education (Guevara Benitez et al., 2008), as well as the infrastructure they
must carry out their work, which in these environments is scarce.

Another variable worth highlighting is Career Expectations, which, although they explain the model to a lesser
extent compared to the other variables, shows the degree of significance between one population and another.
While for students with a high level of marginalization, they do not represent an important significance, for
those living in localities with a Low Level of Marginalization, these are highly influential. This can be
understood by the differences in access to development opportunities. The fewer opportunities the
environment provides, the ability to visualize opportunities also decreases.

Limitations due to socioeconomic conditions are related to the possibility of leaving professional studies
unfinished, which frequently happens in rural communities (Raczynski & Roman, 2014), despite the fact that
upon completing high school, this population reports a 60% interest in continuing their professional studies;
to achieve this, they largely depend on access to scholarships or combining work and study (Weiss et al., 2008),
clearly showing the importance of generating evidence-based public policies that take into account social,
economic, and cultural differences. The results and analysis of this research globally conclude that incentive
programs and scholarships targeted at these high marginalization groups are needed to promote not only
interest in STEM disciplines but also the training of teachers who contribute to the generation and maintenance
of this interest.
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It is important to highlight that there are efforts, from different areas, to combat the problem, so policy
planning should consider the path already traveled. In vulnerable environments, spaces for collaboration and
the development of technological skills have been created, promoting equity in STEM education, seeking the
democratization of access to education through interactive learning, contributing to a sense of belonging
(Gonzéalez-Nieto et al., 2020), which have shown important results in bringing students closer to these
disciplines.

Methodologically, in this research, a sociocultural diverse sample was sought; however, social desirability in
responses can generate bias that limits and hinders the generalization of findings. This leaves a basis for ideally
replicating the study in other regions, contexts, and age groups, allowing the observation of the model's
behavior under other conditions. The importance of including variables related to gender in future research is
highlighted, as evidence shows that stereotypes can deter women from seeking careers in these fields,
increasing the gender gap in STEM, due to the entrenched belief that STEM disciplines are more suitable for
men (Garduno & Reyes, 2022), a situation that is accentuated in rural communities and with high social lag.
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