116

Early technology intervention in elementary school children for the development of
STEM skills

Intervencidn temprana de la tecnologia en nifias y nifios de educacion basica para el
desarrollo de habilidades STEM

Pamplona-Solis, Blandy Berenice*?, Saavedra-Vargas, Raquel Ivet’, Trejo-Arroyo, Danna Lizeth® and
Alatorre-Lara, Andry Yuhaira

a ROR TocNM / Instituto Tecnoldgico de Chetumal « © MVT-9287-2025 » "/ 0000-0003-0293-992X £ 356408

b ROR TecNM / Instituto Tecnolégico de Chetumal « > NVM-5662-2025 « "' 0000-0002-5856-0911 & 701755
¢ ROR TocNM / Instituto Tecnolégico de Chetumal « * LZH-1351-2025 « “*/ 0000-0001-8744-033X * 2 175528
d ROR TecNM / Instituto Tecnolégico de Chetumal » = NVM-2199-2025 « ““ 0009-0006-2703-1351 » & 2149698

SECIHTI classification DOI: https://doi.org/10.35429/H.2025.8.116.130

Area: Social Sciences

Field: Education Sciences

Discipline: Education

Subdiscipline: Comparative education

Key Handbooks

This work presents the process for implementing workshops aimed at developing STEM skills among elementary school
children. The objective was to influence their gender perceptions regarding the choice of future professions related to these
skills. The results obtained from this early intervention demonstrate a significant shift in perception among most girls, who
considered STEM areas to be activities for anyone who wants to pursue them, regardless of gender. Among the main
contributions of this research are the application of the Problem-Based Learning (PBL) model during the intervention, the
collection of descriptive data on career preferences, and the gender biases that exist among elementary school students.

With the purpose of challenging the perception that STEM activities are intended primarily for males, a group of female
mentors was formed. These female mentors were students from the Computer Systems Engineering program at the Instituto
Tecnoldgico de Chetumal.

Area: Promotion of frontier research and basic science in all fields of knowledge

Citation: Pamplona-Solis, Blandy Berenice, Saavedra-Vargas, Raquel Ivet, Trejo-Arroyo, Danna Lizeth and Alatorre-Lara,
Andry Yuhaira. 2025. Early technology intervention in elementary school children for the development of STEM skills. 116-
130. ECORFAN.

* =7 [blandy.ps@chetumal.tecnm.mx]

Handbook shelf URL.: https://www.ecorfan.org/handbooks.php

ISBN 978-607-8948-91-8/©2009 The Authors. Published by ECORFAN-Mexico, S.C. for 0y 1)
its Holding Mexico on behalf of Handbook HHBS. This is an open access chapter under ......... REN'ECYT
the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/] o e *e®

00°%.°90
Peer Review under the responsibility of the Scientific Committee MARVID®- in .;.....:. kg "“mf‘ “ "““‘“"“IW
contribution to the scientific, technological and innovation Peer Review Process by training Empress ety Tenlgcs
Human Resources for the continuity in the Critical Analysis of International Research. | 102902 SECI HTI



https://ror.org/01kv0ya56
https://www.webofscience.com/wos/author/record/MVT-9287-2025
https://orcid.org/0000-0003-0293-992X
https://ror.org/01kv0ya56
https://www.webofscience.com/wos/author/record/NVM-5662-2025
https://orcid.org/0000-0002-5856-0911
https://ror.org/01kv0ya56
https://www.webofscience.com/wos/author/record/LZH-1351-2025
https://orcid.org/0000-0001-8744-033X
https://ror.org/01kv0ya56
https://www.webofscience.com/wos/author/record/NVM-2199-2025
https://orcid.org/0009-0006-2703-1351
https://www.ecorfan.org/handbooks.php
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/

117
Abstract

Early intervention among elementary school students was carried out through the implementation of a
technological Problem-Based Learning (PBL) model aimed at changing the prevailing perception that
STEM knowledge and skills are inherent to the male gender. In the initial stages of this research, this
gender preference was measured. The PBL model consisted of a set of training workshops and
technological practices carried out by the students. At the end of the model’s implementation, gender
perception was measured again and compared with the initial one to confirm that a paradigm shift had
occurred among the girls regarding STEM preferences. This encourages the participation of the female
gender in these areas at an early age, ensuring their continued interest in these topics at other educational
levels

[ Early intervention for the development of STEM skills in elementary school students. ]
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Resumen

La intervencién temprana en estudiantes de educacion basica a traves de la aplicacion del Aprendizaje
Basado en Problemas (APB) de indole tecnoldgico se aplicé con la finalidad de cambiar la percepcion
prevaleciente sobre que el conocimiento y habilidades STEM son inherentes al género masculino. En
las primeras etapas de esta investigacion, se ha logrado medir esta preferencia de género. EI modelo
APB consiste en un conjunto de talleres de capacitacion y practicas tecnolégicas realizadas por los
estudiantes. Al final de la aplicacion del modelo, se ha medido nuevamente la percepcién de género y
comparado con la inicial para aseverar que se logro el cambio de paradigma de las nifias sobre las
preferencias STEM.

[ Intervencion temprana para el desarrollo de habilidades STEM en estudiantes de educacion primaria. J
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1. Introduction

The development of nations is closely linked to education; therefore, it must be a priority in public policy.
Education serves as a means for individuals to enhance their intellectual capacities and acquire skills and
values that act as tools to help them reach their full potential (Mayo Lara et al., 2023; UNESCO, 2023).
It is also an instrument to improve quality of life and social well-being. By generating economic
development, it provides opportunities to break the cycle of poverty, helps reduce inequalities, and
promotes gender equity (Arroyave T., Leisy M et al., 2025).

In the last decade, significant progress has been made in global access to education; however,
strategies are still required to ensure equality for the most vulnerable groups, particularly women and
girls (UNESCO, 2019). Countries face the challenge of meeting the Sustainable Development Goals
(SDGs) in education established by the United Nations (United Nations, 2025).

Worldwide, the rate of women enrolled in higher education has increased over the last twenty
years, even surpassing male enrollment (Vieira do Nascimento et al., 2022). Similarly, in Mexico during
the 2020-2021 academic year, the female enrollment rate in higher education was 2,085,219 compared
to 1,945,397 for men (INEGI, 2024). However, this gender balance reverses when choosing disciplines
within the STEM fields (Science, Technology, Engineering, and Mathematics), as female participation
is considerably lower compared to that of men (Garcia Dobarganes & Torres-Tirado, 2022).

In Mexico, as of 2022, female enrollment in STEM-related higher education programs
represented only 494,753 women (23%), compared to 996,519 men (50%)(IMCO, 2023). In certain states
such as Quintana Roo and Nayarit, the proportion is even lower, with only 11% of women enrolled in
STEM degrees. Within the framework of the 2030 Agenda for Sustainable Development, the goal of
Quality Education emphasizes that STEM disciplines are essential for national development, as they
provide new generations with the skills, attitudes, and knowledge necessary to drive productivity through
technology. Therefore, it is a priority to increase the participation of girls and women in STEM sectors
to reduce the gender gap and achieve greater equity in the coming years (Flores Zaragoza, 2025; Rojas
et al., 2020).

The aim of this study was to examine the impact of early technological interventions at the
elementary school level—specifically targeting fifth-grade students in Chetumal, Mexico—on fostering
motivation and improving gender self-perception of children regarding STEM areas. The actions
undertaken helped to challenge and break down gender stereotypes suggesting that STEM is primarily a
male domain. The participating girls demonstrated high levels of interest and capability in the challenges
presented through the implementation of the Problem-Based Learning (PBL) model (Barrows, 1996).
This model consisted of workshops and courses in basic technology, electronics, robotics construction,
and computer programming. Surveys were applied to participants before and after the intervention to
conduct a quantitative analysis of the degree of change in gender perception regarding STEMS skills.

2. Methods and Tools

The PBL intervention consisted of a series of activities that involved the use of various technologies such
as courses, workshops, programming languages, and the handling of robots. With the purpose of
challenging the perception that STEM activities are intended primarily for males, a group of female
mentors was formed. These female mentors were students from the Computer Systems Engineering
program at the Instituto Tecnoldgico de Chetumal. They were trained to help design the PBL framework
and to coordinate its implementation during the intervention.

The methodology used in this research comprised seven stages, as shown in Figure 1.
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Stages

1 * Development of the STEM
Intervention Kit.
3 + Selection of the group of children who will
participate in the STEM intervention
s Application of initial questionnaire to the
4 intervention group.
5 + Development of STEM Intervention
Workshops.
ﬂ * Application of final questionnaire.
Figure 1

* Analysis of results.
Methodology Applied in the intervention

Note [The image indicates the methodology used by the authors. Own creation.]

2.1.  Stage 1 Development of the STEM Intervention Kit

In the first stage, activities were developed to assemble a STEM intervention kit consisting of the
construction of ten open-source Otto Wheels robots (OTTO, 2024), which can be downloaded and
replicated from the official website. The mentors received training to develop STEM skills such as 3D
design using Tinkercad software (Autodesk, 2024), operation of 3D printers, block-based programming
using Scratch (MIT, 2024), basic electronics, and programming of Arduino microcontroller boards
(Arduino, 2024). These skills allowed them to provide functionality and control to the robots.

To ensure functionality, the original designs were modified to accommodate the necessary
components. Among the changes, the group opted to use reduction motors instead of micro servomotors
and to replace certain 3D-printed components with laser-cut CNC parts due to overheating issues in the
printers. However, parts such as wheels, coverings, and supports continued to be produced with 3D
printers. Throughout this stage, the support group effectively solved emerging problems and successfully
built robots capable of movement, line following, and obstacle detection.

2.2.  Stage 2 Design of the PBL Model

The design and implementation of the Problem-Based Learning (PBL) model were developed in
collaboration with the mentor students to clearly identify the main problem that would serve as the central
challenge for the intervention group. This process promoted the development of skills, attitudes, and
values through teamwork and technology-centered activities (Diaz Banegas, 2023).

As shown in Figure 2, the PBL model defined the main problem for the selected group as:
“Determine how an Otto Wheels robot car can move from one point to another through software
programming”. The main objective was for children to acquire STEM-related skills by interacting with
technology to solve this problem. The activities were carried out both individually and collaboratively in
teams, allowing participants to develop technological competencies and meet the intended learning
outcomes.

2.3.  Stage 3 Selection of the Group of Students for STEM Intervention

To select the STEM intervention group, several criteria were established. One of them was to choose
public elementary schools (Canto et al., 2025), ensuring gender balance and larger class sizes. Other
criteria included selecting schools with students aged 9 to 12 years, ensuring the presence of a media
classroom suitable for conducting workshops, and obtaining authorization and collaboration from the
school administration and teachers.
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Based on these parameters, the selected school was “Francisco J. Mujica” Elementary School in

the city of Chetumal, Quintana Roo, Mexico. The chosen group consisted of fifth-grade students,
including 12 girls and 9 boys.

2.4.

[ DESIGNING A PBL : STEM Intervention Workshops ]
Objective Problem Statement Methodology
Develop skills in the use of An Otto Wheels robot must be /
technology and improve self- programmed to move forward, 1. Introd If 1o th ill b
perception abilities of girls in backward, follow lines, and detect ch?uﬁg u{;;yourse © the group, you i be
STEM areas. obstacles. 2. Measurement of STEM perception: initial
survey.
3. Indicate the activities to be carried out
4. Conduct a basic workshop on electronic
Tools principles and their presence in life.
Resources Requered ICT Final product 4.1. Conductors - insulators.
/ 4.2. Types of circuits.
~ 4.3. Movement of electric motors.
- Teamwork Bl expeol product is a change in the 5.- Intreduction to programming.
team - Internet perception that children of 5.1. Ironman
- Bibliographic - Otto Wheels elementary school have of their 52 Introduction to Seratch
research at rebots L STEM skills . 5.3. Events and object movements.
school - Sgcratch This will be measurgmem using a 5.4. Cartesian coordinates y scenarios.
. Videos - MBlock survey presented in step 6 of 5.5. Maze application with Otto.
\_ methodology. 5.6. Customizing robots and using
MakerBlock to program robots.
5.7. Programming 10 robots.
Assessment 6.- Mesearument of STEM perception:
final survey.
Assessment will be summative and determine by completing activities indicated in points 7. Result report of intervention.
4 and 5 of the methodology.
Figure 2
PBL Design

Note [Imagen shows utilized BPL in intervention. Own elaboration.]

Stage 4 Application of the Initial Questionnaire

Before applying the PBL model to the intervention group, an initial questionnaire was designed and
administered (see Figure 3). This instrument consisted of 15 items and was given to 43 students, including
both the intervention group (fifth grade) and a comparison group (sixth grade), to obtain a broader
description of gender perspectives. The questionnaire served as a measurement tool for assessing
students’ preferences regarding everyday activities, future professions, and STEM-related areas.

The information collected was later compared with responses from a second questionnaire

administered after the intervention, allowing researchers to determine whether a change in gender
perception had been achieved. The initial questionnaire was divided into five sections:

1.
2.

oA~ w

General information — age and gender (Questions 1-2).

Career preferences — future professional aspirations and the influence of gender on those choices
(Questions 2, 4, 6).

Gender roles — evaluation of social and family influences regarding gender roles (Question 7).
Gender identity verification — assessing associations between objects and gender (Question 5).
STEM-related beliefs — perceptions of what boys and girls can or should do in STEM contexts
(Questions 8-15).

Only the fifth-grade intervention group (21 students) answered the fifth section.
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Figure 3

Initial survey
Note [Imagen shows initial survey applied before intervention STEM. Own
elaboration]

2.5.  Stage 5 Development of STEM Intervention Workshop

The objective of this stage was to implement the designed activities, with the team of mentors providing
continuous support to the children throughout the process as they completed the STEM tasks included in
the workshop.

2.5.1. Basic Principles of Electricity

The first set of STEM workshops focused on introducing the fundamentals of electricity and electronic
circuits. Several activities were carried out, including:

a) What is electricity?

b) Conductive and insulating materials.
C) Types of circuits.

d) Use of motors.

All these concepts were presented using practical, real-life examples that children could relate to
in their surroundings. Through these hands-on experiences, students formulated hypotheses and tested
them by creating electrical circuits, confirming or revising their assumptions.

2.5.2. Introduction to Programming

The goal of this activity was for students to understand how computers execute tasks based on structured
instructions through programming logic. They learned about movement control, conditionals, arithmetic
operators, and coordinate positioning, all within a block-based programming environment.

Children were introduced to Scratch, a visual programming platform developed by the MIT
Media Lab [MIT, 2025], designed to stimulate cognitive skills through play and experimentation. The
objective of this activity was to develop programming abilities that would later allow them to control
robots using algorithmic logic similar to that of traditional programming languages.

The activity was conducted in the media classroom of school, which had 14 functional computers.
Using Scratch, students practiced with events, sprites, scenes, and Cartesian coordinates. The final
exercise involved a maze challenge, where each student programmed an object to navigate and exit a
labyrinth.
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2.5.3. Robot Personalization and Programming with MakerBlock.

Although the project was conceived as a STEM intervention, it also sought to promote creativity,
teamwork, and artistic expression among students. To achieve this, ten teams were formed, and each was
tasked with personalizing their robot by representing an animal native to the region. Students were also
asked to research their animal’s habitat, reproduction, and diet.

Finally, students used the MakerBlock (mBlock) software — a block-based programming
interface for Arduino boards — to program algorithms and execute them in simple circuits. With this,
they successfully programmed the robots to move along lines and detect obstacles, completing the series
of early-intervention STEM workshops.

2.6.  Stage 6 Application of the Final Questionnaire

After completing the STEM intervention workshops, a second questionnaire was administered to the
participating group to determine whether the early intervention had effectively changed children’s gender
perception regarding STEM abilities.

This second measurement instrument consisted of 29 items divided into two sections and was
administered only to the 10 girls and 4 boys who were present on the day of the survey.

The first section (Questions 1-12) included items similar to those from the initial questionnaire
and aimed to assess gender stereotypes. The second section (Questions 1-17) gathered information
regarding career preferences, STEM-related interests, self-perception of abilities, and verification of
gender-role attitudes.

Questions 1-5 focused on careers with a gender gap; Question 6 explored preferences for STEM
versus non-STEM careers; Questions 7-16 evaluated students’ self-perceptions of their STEM abilities,
and Question 17 served as a validation of gender-role beliefs.

3. Results Analysis

The final stage consisted of analyzing responses from both questionnaires to determine whether early
intervention helped modify children’s attitudes toward STEM careers and gender stereotypes.

3.1.  Results and Analysis of the Initial Survey.
Figure 4 presents the results obtained from the first three questions of the initial questionnaire shown in

Figure 3. The sample included 43 students aged 10-13 years, of which 49% were boys and 51% were
girls. Career preferences showed a strong inclination toward the field of medicine.

Question 1 Question 2 Question 3
SEX List of careers by gender: number of
i Mk responses
16 15 |
J 1 : Medicine Biolog) Engineering Architecture
o -— s Bids & Boys
1 1
a) Age of participants b) Gender percentage b) Preference for STEM careers

Figure 4
Answers provided of question 1- 3 in the preliminary survey.
Note [Figure shows three first responses of initial questionnaire. Own elaboration]

Question 4 was designed to measure students’ gender perception regarding specific professions.
According to the responses, both boys and girls demonstrated some awareness of gender equity; however,
several professions were still perceived as gender-specific.
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Boys considered the following professions to be male-only: electrician, carpenter, engineer, pilot,
firefighter, writer, and scientist. Girls, on the other hand, associated professions such as baker, artist, and
chef with women. Overall, boys demonstrated a higher degree of gender stereotyping, as they identified
more professions as being exclusively male. Table 1, subsection a) shows the beliefs of boys, and b)
shows the results of the beliefs of girls.

Box 5

Table 1
Initial survey, question 4
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Note: The table presents the results for Question 4, which explores students’ perceptions—
based on their gender—regarding who can pursue a profession or trade. Source: Own
elaboration.

Question 5 assessed the association between objects and gender in everyday life. Items such as
dolls, hearts (representing emotions), brooms, and cooking pots were mostly associated with girls,
whereas tools, cars, helmets, Spiderman, and soldiers were associated with boys. Interestingly,
mathematical operations were more frequently linked to girls. This question revealed that although
students generally believed in equal professional opportunities regardless of gender, traditional gender
stereotypes still persisted in their daily perceptions.

Question 7 explored roles assigned by family or society based on gender (Table 2). Results
indicated that girls were more likely than boys to believe in gender equity regarding playing with dolls,
whereas boys identified more with traits such as being strong, brave, and leaders, and engaging in video
games. Girls, conversely, were associated more with emotional or sentimental aspects.

Table 2
Initial survey, question 7

Responses by Gender
Women Men

Who can? Girls | Boys | Both | Girls | Boys | Both

Being a group leader 1 0] 21 0 4 17
Be strong and courageous 0 3] 19 0 8 13
Caring for others 3 2| 17 2 3 16
Being good at math 0 0] 22 1 0 20
Cooking and doing household chores 3 1| 18 1 0 20
Playing with dolls 8 0| 14| 13 0 8
Playing Video Games 1 2| 19 0 5 16
Being sentimental 1 0] 21 5 0 16
Be kind and show affection 1 1] 20 1 1 19

Note: The table presents the results for Question 7, which examines gender-based
perceptions of students in relation to life roles. Own Elaboration..
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Questions 8-15 were applied only to the fifth-grade intervention group (21 students) and focused
on activities related to STEM. Results showed that girls perceived themselves as less efficient in
mathematics compared to boys. In particular, over 50% of the girls reported feeling insecure about
solving math problems independently, while 66% of boys expressed that they enjoyed learning about
technology, compared to 54% of girls.

In summary, although students showed evolving perspectives on gender equality, gender
stereotypes persisted in daily activities and professional preferences. Boys displayed stronger adherence
to gender roles, and both sexes showed limited initial interest in STEM careers.

The results obtained from this early intervention demonstrated that the project successfully
achieved its goal of changing girls’ gender perception toward STEM fields. The comparison between the
initial and final surveys (see Tables 1 — 2 and Figures 5 — 6) revealed a positive shift in girls’ attitudes,
as they began to perceive STEM careers as gender-inclusive opportunities, moving away from traditional,
family-influenced beliefs.

Are you motivated to study STEM outside of class hours?

Always 5 2 7
“ Sometimes. 3 1 4 :
“ Rarely 1 0 1 ‘
“ Never 1 1 2 3
- 1 : I I
. Always Sometimes Rarely Neves
wGils mBoys WBotn
Figure 5

Responses to question 16. Level of interest in STEM

Nota [The image illustrates the responses to Question 16 of the questionnaire, indicating
that girls demonstrate a higher level of interest in STEM subjects compared to boys.
Source: Author’s own image.]

3.2.  Analysis of the Final Survey Results

The analysis focused on the responses that revealed changes in gender perception and STEM interest.
Questions 4 —11 asked students to express opinions about activities traditionally associated with gender
roles, such as:

4. Who should do household chores, like washing clothes or dishes?

5. Who is braver, boys or girls?

6. Who is better at mathematics?

7. Who can play with dolls?

8. Are there any activities or sports that should only be done by boys or girls?
9. Who can be more sentimental?

10. Who can repair electrical problems at home?

11. Who can build wooden furniture?

The responses reaffirmed the trends found in the initial survey: most students now showed more
egalitarian attitudes, indicating that modern generations increasingly recognize gender equality. In all
questions, the dominant answer (ranging from 64% to 92%) was that both sexes can perform the activities
mentioned. However, when analyzing responses by gender, boys continued to display stronger gender
stereotypes. For instance, 100% of boys said that playing with dolls was an activity for girls only, while
all girls responded that it was an activity suitable for both.

This pattern continued in Questions 9 and 10: Boys associated being sentimental exclusively with
girls. 75% of boys said only men could repair electrical problems. In contrast, 100% of girls stated that
both sexes could perform these activities.
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The second section of the questionnaire provided valuable information regarding STEM-related
career preferences (questions 1 — 5). As shown in Figure 6, boys maintained stronger biases when
choosing professions traditionally perceived as male-dominated, whereas girls demonstrated more
gender-neutral opinions, contrasting with their initial responses. Girls no longer consider gender a
relevant factor in career choice.

STEM preferences
anyou be an
rplane pilot?

Airplane pilot

Opinion girls Opinion boys

Question Girls Boys Boths Girls Boys Boths Total 10
Can you be an engineer? 0 10 1 3 14 8
Can you be a scientific? 0 10 1 3 14 ¢
Canyou be aprogrammer? 0 10 1 2 14 z
Can you be a Designer? 1 8 0 4 14 0 u [ ]
Canyoubean Can youbea anyoubes G
0 1 3 engineer?  scientific? signer?

L S R
e - o o o
s & - & o

Can you be an Airplane pilot?

Figure 6

STEM preferences, responses to questions 1 — 5, section 2.

Nota [The image presents the results for Questions 1 through 5, indicating that the
responses provided by girls reflect a lower prevalence of gender stereotypes. Source:
Author’s own image.]

Question 6 presented a list of professions for students to select those they found most appealing.
The most chosen professions included YouTuber, musician, designer, and veterinarian. None of the
students chose engineering or physics, but robotics appeared among the preferred options, reflecting the
positive influence of the intervention. Exposure to STEM-related activities broadened students’
understanding of possible future careers.

Questions 14-16 evaluated motivation of the students toward STEM. Although none of them
selected engineering as a preferred profession, 78% expressed interest in designing things, and 71%
found experiments and STEM activities appealing. Notably, Question 16 revealed that girls were more
motivated than boys to continue learning STEM skills beyond regular class time.

This finding suggests that boys may view STEM skills as a “given” area of competence, while
girls, having newly discovered their ability to succeed in these activities, feel greater enthusiasm and
motivation to continue exploring them.

4. Discussion

Efforts made by researchers and educators to promote STEM disciplines among new generations are
increasingly evident in the literature. For example, Bustamante et al. (2022) describe a diploma program
aimed at developing STEM skills through the research project “Mobile Laboratory for the Development
of STEM Skills.” This program was composed of five modules implemented with 25 students and 39
graduates from a higher education institution that trains preschool and elementary education teachers.
They applied Project-Based Learning (PBL) and Team-Based Learning (TBL) as instructional
frameworks. However, the study did not include pre- and post-intervention surveys for participants;
instead, it only reported the metrics used to evaluate whether the workshop implementation for each
module was carried out effectively. Table 3 compares the differences between the present research and
the diploma program described above.



126

Table 3
Comparison of the Works

Diferencias STEM early intervention workshop | Diploma in STEM skills

Activity Intervention workshop Diploma with five modules

Learning Problem-based learning Team-based learning

approach

Population Elementary school children Various groups and parents

Questionnaire At the beginning and end of the | Before and after each module,
intervention to determine the | to measure whether the
change in perception. workshop was implemented

correctly.

Programming Scratch Scratch Jr

language

Robots Otto Otto and Cubeto

Note: The table shows a comparison between this work presented in this document and
Bustamante work. Own creation.

In contrast to the diploma program, our STEM early-intervention workshop was implemented
directly with elementary school children, focusing on immediate changes in gender perception rather
than merely verifying workshop execution. In addition, this study employed pre- and post-intervention
surveys to determine whether the activities effectively modified gender attitudes toward STEM fields.

Another relevant work is the systematic review conducted by Ferrada et al. (2020), which
analyzed the use of robotics within STEM education at the primary level. The review examined 26
articles that met inclusion criteria across three international databases: Scopus (Elsevier), ERIC (U.S.
Department of Education), and Web of Science (Clarivate Analytics).

Their analysis revealed that Technology was the most prominent area, followed by Robotics and
Programming, then Mathematics, Science, and Engineering. The authors concluded that children
participating in robotics-based STEM studies demonstrated greater motivation, self-esteem, self-
determination, and appreciation for their own work, regardless of gender.

Compared with our research, Ferrada et al. (2020) did not emphasize or measure changes in
gender perception before and after the application of workshops. Our study, however, highlights the
importance of evaluating attitudinal change as a direct outcome of early STEM exposure.

Another interesting study is that of Nifio et al. (2024), which developed and systematized a model
called “Living Classrooms” (Aulas Vivas) for introducing STEM areas to early childhood education. The
project involved preschool teachers and children across several years:

- 2018: 36 boys and 38 girls
- 2019: 14 boys and 11 girls
- 2022: 17 boys and 8 girls

- 2023: 22 boys and 28 girls

The term “Living Classrooms” referred to outdoor learning environments in which STEM
activities were implemented mainly through natural science projects. While this model promoted early
engagement with science, it did not address gender perception or stereotype change, possibly because
participants were too young to have been significantly influenced by family or societal gender
expectations.

In Mexico—particularly at the higher education level—women’s enrollment in STEM programs
remains disproportionately low. Thus, there is an ongoing effort to increase female representation by
showing that STEM professions are not inherently gendered. Encouraging interest in these areas must
begin in early or primary education, as emphasized by Brenneman et al. (2019) and MacDonald et al.
(2020).
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The research presented in this document was designed precisely to influence elementary school
girls’ perceptions of gender roles in STEM-related professions. Through hands-on workshops in
electricity, technology, programming, and robotics, students interacted directly with technology,
expanding their understanding and interest in these fields.

The results show that these intervention workshops effectively encouraged girls to reconsider
previously gendered beliefs about certain professions. The post-intervention surveys confirmed that
many participants experienced a shift in perception, recognizing that science-related fields offer equal
opportunities for both sexes.

5. Conclusions

We can conclude that the objective of the research presented in this document was successfully achieved.
The participating girls changed their gender perception and attitudes regarding the choice of professional
careers related to STEM skills.

The Problem-Based Learning (PBL) intervention workshops provided the necessary exposure to
technology, programming, and robotics, which motivated the girls and helped them realize that they can
use technology and engage in scientific fields that had previously seemed inaccessible or male-oriented.
Although progress in breaking gender stereotypes was evident, further actions are still needed to continue
promoting gender equity in children’s education. Encouragingly, the results show that girls now possess
a clearer understanding of their rights and the freedom to make decisions about the activities and careers
they wish to pursue.

Additionally, participation in these workshops helped girls identify with tasks related to
programming and robotics, reflecting increased confidence and motivation toward STEM learning.

6. Future Work

Several potential lines of research arise from this study. The first involves long-term tracking of the
participating students as they advance to secondary education, where they can choose elective subjects
or workshops. This follow-up would help determine whether the participating girls actually choose
courses that involve STEM skills.

Another possible research line would be to implement STEM interventions with teachers—both
female and male—to explore their own gender perceptions and to incorporate similar workshops into the
elementary education curriculum.

Finally, future interventions could replicate this study at the same educational level but focus on
ecological or environmental science contexts (Martinez, 2020), allowing further integration of
sustainability-oriented STEM education.
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