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Abstract

The objective of the present study is to obtain an updated perspective of the state of education
in mathematics and technology, as well as the emerging veins of research in these areas. The
study began by selecting articles in the database Scopus, between 2000-2024, with the search
criteria of "mathematics,” “education” and “technology.” 6,215 registries of articles were found.
The analysis of the records was performed using data mining in R language. The United States is
the leading country in publications and the University of California is the one with the highest
production of articles. Three emerging lines of research were obtained. The first line of the
investigation is related to gender and science, technology, engineering, and mathematics (STEM)
graduate studies. The second line of research is related to motivation and permanence in STEM,
including studies with secondary students’ parents. The third emerging line of research is on
mathematical identity in primary and secondary education.
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INTRODUCTION

Future educational practices will include virtual
classrooms, artificial intelligence, learning analytics,
mobile applications, smart devices, extended reality,
open educational resources, gamification, cloud
computing, networked societies, the post-truth era,
digital learning objects, and online collaboration. On the
other hand, according to Simsek (2024), the use of social
media, the metaverse, and portable technologies in
education will decrease. Research in science, technology,
engineering, and mathematics (STEM) focuses on the
beliefs, experiences, and self-efficacy perceptions of
participants, as well as on the effects of educational
technology on learning. Furthermore, project-based
learning and problem-solving are the teaching methods
that stand out (Kondrashev et al., 2024).

STEM education comprises six components:
disciplinary  integration, the wuse of multiple
representations, real and relevant problems, the

application of engineering design, active collaboration,
and student-centered learning approaches (Nugraha et

al., 2024). However, Singh et al. (2024) found that
university students have difficulty applying previously
learned mathematical knowledge to solve mathematical
problems. Similarly, they lack the skills to validate
solutions and to face basic mathematical problems
heuristically.

In an initiative involving secondary schools to
promote STEM careers through fieldwork and
conversations with scientists to enrich learning, a
positive change in STEM aspirations was observed (Hale
et al, 2024). Similarly, it has been found that in
integrated STEM teaching, addressed topics are
regularly limited, without considering the diversity of
student interests. On the contrary, projects where
students have autonomy in their choice are scarce, as
stated by Tang et al. (2024). Furthermore, the greater the
autonomy granted to students in project selection, the
greater the degree of STEM integration, as the
boundaries between areas are blurred by solving
significant problems with an impact on the community.

Interdisciplinary  projects influence students’
collaborative skills, such as positive interdependence,
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Contribution to the literature

e Four clusters were formed in the bibliographic coupling: minorities in STEM, factors for choosing a career
in STEM, STEM teaching in primary and secondary school, and integrated STEM education and teacher

training to carry it out.

e In the network analysis carried out the seminal documents are about learning theories and contributions
to statistics in behavioral sciences: Vygotsky’s (1978) sociocultural theory, Papert’s (1980) constructionist
theory, Bandura’s (1986) social learning theory, Lave and Wenger’s (1991) situated learning theory and
Cohen’s (1988) work on the size of the effect when implementing a didactic proposal.

e The most recent research in the field is about: STEM area, information and communication technology
(ICT) for teaching and learning, underrepresented groups and gender studies. In the bibliographic
coupling and in the emerging lines of research, common actions were identified in primary and secondary
school. The studies in primary and secondary school are aimed at motivating children and adolescents to

study STEM degrees.

responsibility, promoting interaction, group processing,
and social skills that contribute to STEM workforce
training (Seo et al., 2024). In addition, training mentors
in the development of scientific communication skills
benefits students in both sociopsychological and
behavioral aspects, as well as in scientific identity,
communication fluency, and reconsidering STEM
degrees (Cameron et al., 2024).

STEM education in early childhood has increased
due to methods involving digital technology. However,
it is necessary to implement STEM where the child
perceives reality in a complex way, such as in an outdoor
environment. Also, more reliable and valid digital and
quantitative measurement instruments need to be
developed (Revak et al, 2024). In addition, didactic
sequences with a STEM focus in early childhood
promote disciplinary integration, inquiry through the
solution of real-life  problems, and active
interdisciplinary learning. However, the development of
resources for the effective implementation of STEM
didactic sequences must be increased, as well as
specialized teacher training promoted (Rua et al., 2024).

In science, technology, engineering, art, and
mathematics (STEAM) education, teachers’ experience
and prior knowledge influence teaching and learning. In
addition, teachers’ attitudes contribute to innovation
and student learning outcomes (Chu et al, 2024).
However, in teacher training for STEAM, training
programs lack courses that allow for the integration of
sustainability and STEAM, with an interdisciplinary
focus, and interventions are concentrated on
mathematics and statistics. On the other hand, in-service
teachers express difficulties in relating theory to real-life
problems. Similarly, in educational strategies, teachers
focus on problem-based or research-based learning,
escape rooms, robotics, or flipped classrooms (Alvarez &
Olatunde-Aiyedun, 2024).

Teachers have different strategies for integrating
STEM disciplines in the classroom, such as inquiry and
problem-solving based learning, through practical
activities or by emphasizing real-life applications.

2/23

However, the connection of concepts between
disciplines is deficient, indicating the need for teacher
training in STEM subjects (Ismail et al., 2024). Also,
Flanagan et al. (2024) found difficulties in teachers’
understanding of STEM education integrated at the
elementary level. On the other hand, structured training,
technology-based  certification = programs,  and
postgraduate studies in STEM improve teachers’ skills in
teaching STEM subjects (Mansour et al., 2024).

In online learning environments where teaching is
student-centered, self-regulated learning is
fundamental. Huh et al. (2024) point out that self-
regulated learning is teachable, however, in a study of K-
12 online schoolteachers in the United States, it was
found that teachers provided direct guidance instead of
supporting them in developing self-regulated learning.
Similarly, Jarrah et al. (2024) determined that elementary
mathematics teachers are willing to use technology for
remote teaching, however, they prefer traditional
teaching. In addition, difficulties were identified in
achieving the projected student performance. In turn,
Bandoh et al. (2024) mention that the factors that
positively influence the use of technology by pre-
university mathematics teachers are performance and
effort expectations, as well as the availability of
technological infrastructure. On the contrary, social
influence negatively affects teachers” intention to adopt
technology for teaching mathematics.

The representation of women is low in STEM areas.
The choice and permanence of women in a STEM career
face obstacles related to the balance between work,
personal life, and professional development (Dori et al.,
2024). In a study of African women leaders in STEM, it
was found that they needed to balance family and work
life, set goals, solve problems, be open to innovative
ideas, recognize diversity, as well as collaborate, have
research knowledge, and mentoring skills (Babalola et
al., 2024). On the other hand, Akar et al. (2024) express
that the professional development of women in the areas
of information and communication technologies is
influenced by irrational beliefs about employment,
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Table 1. Criteria for Scopus search

Criteria Selection
Years 2000-2024
Date of consultation 4 May 2024
Kind of documents Articles
Kinds of journals All kinds

Field of search
Search equation

Article title, abstract, & keywords
“mathematics” and “education”
and “technology”

Registries 6,215

which is counteracted by fostering professional
optimism and employability, thus contributing to a labor
market where women have ambitious careers.

The importance of mathematics in the skills required
in today’s life leads to the objective of this study being to
determine the current state of education in mathematics
and technology, as well as to identify emerging lines of
research.

METHODOLOGY

To carry out this research we began by consulting a
database in which documents were selected in keeping
with specific criteria (see Table 1). Later software was
used for bibliometric analysis, analysis of the network
and emerging lines of investigation.

The database where the search was carried out was
Scopus, which is one the main hubs of academic
publications (Schotten et al., 2017; Zhu & Liu, 2020).

The information was exported to BibTex and CSV
files, including the information of citation, bibliography,
abstract, keywords and references for bibliometric
analysis. In the network analysis and to find emerging
lines of research, the 500 most cited articles were
obtained from the 6,215 in the file with RIS (research
information systems) extension.

Bibliometric Analysis

We used the method of analysis proposed by Zupic
and Cater (2015) to carry out an objective evaluation of
the scientific literature, thus increasing the rigor of the
research. This method consists of citation analysis, co-
citation analysis, co-author analysis, co-word analysis,
and bibliographic coupling analysis. The network of co-
citations was obtained in the citation analysis. The co-
author analysis determined the mnetworks of
collaboration among authors. The analysis of co-words
shows the most used terms as keywords. The
bibliographic coupling analysis identified the articles
which share references.

The database analysis was carried out using data
mining with Bibliometrix (https://www.bibliometrix.
org/), an open coding tool for quantitative research in
Scientometrics and Bibliometrics, to perform a
comprehensive mapping of scientific literature. This tool
was developed in R language (https://www.r-

project.org/), a free programming language and
environment focused on statistical analysis. Also,
Bibliometrix (Aria & Cuccurullo, 2017) was used, which
is a web application included in Bibliometrix and allows
non-programmers to use Bibliometrix. In addition,
VOSviewer software (https://www.vosviewer.com)
was used to obtain the co-citation network, the co-word
analysis and the bibliographic coupling. The VOSviewer
software is a free tool to build and visualize bibliometric
networks.

Network Analysis and Emerging Lines of
Investigation

The network analysis was carried out with the
proposal of Valencia-Herandez et al. (2020) and
adaptations for using Scopus made by Robledo et al.
(2020) by means of the graph theory proposed the
creation of the tree of science (ToS). The platform created
for the scientific analysis of the literature made by
Zuluaga et al. (2022) was called the ToS
(https:/ /tos.coreofscience.com/). The analysis was
carried out by means of the citation networks,
considering three indicators as per Robledo et al. (2014),
in-degree, betweenness, and out-degree. Articles with a
high in-degree and zero out-degree are called the roots
of the tree and are known as seminal articles. Moreover,
the articles with a high degree of betweenness would
form the trunk and correspond to the structure. The
articles that make up the perspectives are called
branches and formed of clusters. Finelly, the leaves of the
tree are articles with a high out-degree and zero in-
degree, representing the most recent research in the
field.

The results of ToS identified in the roots and the
trunk 20 documents in each, and from these the five
documents with the most citations were chosen for
analysis. Three branches with 15 documents each were
obtained for each, recovering the 10 articles with the
most citations for each branch for analysis. The leaves
consisted of 50 articles of which the 21 most recent
articles were chosen, that is, those from between 2020
and 4 May 2024 (the date of our consultation).

RESULTS

The bibliometric citation analysis study obtained the
number of publications per year, the journals with the
most articles, the main authors, countries, institutions,
co-citations, co-authors, co-words and bibliographic
coupling. The ToS analysis obtained three emerging
lines of investigation.

Publications per Year

The results of the number of publications per year on
mathematics, education and technology are shown in
Figure 1. The analysis of the publications begins in the
year 2000 and goes through 2024 (4 May 2024, the date
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Figure 1. Number of articles published per year (Source: Authors” own elaboration)

Table 2. Journals with the largest production between 2000 and 2024

Journal Articles Quartile SJR (2023) h-index Country
CBE-Life Sciences Education 170 Q1 1.318 90 United States
Education Sciences 107 Q2 0.669 53 Switzerland
Eurasia Journal of Mathematics, Science and Technology 88 Q2 0.451 56 Turkey
Education

Sustainability 83 Q2 0.672 169 Switzerland
International Journal of Technology and Design Education 81 Q1 0.812 56 Netherlands
Frontiers in Education 77 Q2 0.627 40 Switzerland
Computers and Education 75 Q1 3.651 232 United Kingdom
Education and Information Technologies 62 Q1 1.301 76 United States
International Journal of Mathematical Education in Science and 62 Q2 0.634 42 United Kingdom
Technology

International Journal of STEM Education 61 Q1 2.035 50 Switzerland

on which we consulted Scopus), giving as results a total
of 6,215 articles. In 2000 26 publications were registered,
with a slight annual increase each year until 2010 when
the increase is greater, with a total of 547 articles for the
years 2000 to 2010. The ascending tendency continued
through the period, accumulating 5,668 publications
from 2011 to 2024 with the largest number of
publications in 2022 with 726 articles. The lower number
of publications in 2024 is due to the date of our search on
4May 2024, with 223 articles written in the first four
months of 2024.

Analysis of the Journals

The journals with the largest number of publications
are presented in Table 2, which shows information on
the 10 most important journals. The number of articles
per journal. The quartile to which it belongs, the SJR
index (2023), the h-index and the country of origin are
also indicated. The quartile is an indicator to identify the
importance of a journal with respect to the total number
of journals in its area. The total number of journals in the
area ordered from highest to lowest impact index is
divided into four, thus integrating the quartiles. Quartile
Q1 contains the journals with the highest impact index.
Table 2 shows that the journals belong to quartiles Q1
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and Q2 (five in each quartile), showing that they are the
most important in their area of knowledge.

The SCImago Journal Rank (SJR) index is an indicator
developed by the SClmago research group with
information from the Scopus database (Elsevier). This
indicator determines the quality of scientific journals
according to the citations obtained, weighing the
importance of the journals from which these citations
come. The index is calculated with the citations that the
journals received in the last three years. The higher the
SJR index, the more citations the journal has received
from other prestigious journals, showing a higher level
of influence and impact on the scientific community.
Table 2 shows that the Eurasia Journal of Mathematics,
Science and Technology Education has the lowest SJR
index with .451 and the highest SJR index (3.651) is the
journal Computers and Education. In addition, Table 2
shows that the journals with the highest SJR index are
those belonging to the Q1 quartile.

The h-index is a bibliometric indicator used to
measure research activity and the impact on
dissemination. In journals, it is calculated by ordering
the articles from the highest to the lowest number of
citations and the h-index would be the number in which
the order number coincides with the number of citations.
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Table 3. Authors with the most production for 2000 to 2024

Author Articles Citations h-index Affiliation Country
Lavicza, Z. 25 654 13 Johannes Kepler University Linz Austria
Drijvers, P. H. M. 14 1,483 24 Freudenthal Institute Netherlands
Capraro, M. M. 13 1,983 24 Texas A&M University United States
Bouck, E. C. 12 2,509 27 Michigan State University United States
Capraro, R. M. 12 2,077 24 Texas A&M University United States
Houghton, T. 12 97 8 Johannes Kepler University Linz Austria
Ng, O. L. 12 448 13 Chinese University of Hong Kong  Hong Kong
Wang, X. 12 1,308 17 University of Wisconsin-Madison United States
Abramovich, S. M. 11 247 9 SUNY Potsdam United States
Henderson, C. R. 11 4,367 32 Western Michigan University United States

The h-index does not consider the quality of the journals,
which is why Table 2 shows journals with a high h-index

Table 4. Countries or regions with the most publication
between 2000 and 2024

that belong to the Q1 or Q2 quartile. Country or region Articles Percentage (%)
On the other hand, Switzerland is the country of U}rl1.1ted States 5,965 44.01
origin of four journals, followed by the United States and . na 752 555
- ; . . Spain 580 428
the United Kingdom with two journals each. Although . .
. . . United Kingdom 496 3.66
the United States contributes only two journals among .
. . . Australia 489 3.61
the top710, both journals are in the Q1 quartile and have Turkey 434 320
an SJR index greater than one. Malaysia 305 205
. Canada 303 224
Analysis of Authors Brazil 265 1.95
The authors with the most articles published are South Africa. 241 1.78
shown in Table 3. The author with the most publications ~_Other countries (106) 3,723 2747
Total 13,553 100

is Lavicza, Z. with 25 articles, followed by Drijvers, P. H.
M. with 14, and Capraro, M. M. with 13. However, it is
Henderson, C. R., who has the highest h-index (32) and
at the same time the most citations with 4,367, among the
10 main authors.

Regarding the institutions where the 10 most prolific
authors are affiliated (Table 3), it can be observed that
both Johannes Kepler University Linz (Austria) and
Texas A&M University (United States) are represented
by two authors each. Furthermore, the United States is
the country that dominates with six authors and, in
second place, Austria with two authors.

Analysis of Countries or Regions

In the analysis of countries or regions with the
greatest production of articles on the matter, the United
States stands out with 5,965 contributions by institutions
located in this country (see Table 4), representing 44 % of
the total number of contributions (13,553). The country
in second place is China with 752 participations. As can
be seen in Table 4, after the United States the rest of the
countries or regions contributed less than 6% each. The
United States and Canada, the two countries which
make up North America are among the top-10 countries.
In contrast, Latin America is represented only by Brazil
and Africa only by South Africa.

In the network of collaboration of countries (see
Figure 2), four clusters can be observed. The main cluster
is red, led by the United States, which shows greatest
collaboration with Canada and China. In contrast,

Nigeria and the Philippines have the least collaboration
within the cluster. Besides, this cluster is made up of
countries from all continents, among them Japan,
Turkey, Austria, Serbia, Iran, Israel, Saudi Arabia, Korea,
New Zealand, India, United Arab Emirates, Thailand,
Indonesia, Malaysia, Hong Kong and Singapore.

The second most important cluster in green is made
up mainly of European countries or regions (see Figure
2). The strongest collaboration is between the United
Kingdom, Germany, Italy, Australia and South Africa.
The countries with the weakest collaboration Are
Slovenia and Kazakhstan. Within this cluster we also
find the Netherlands, Finland, Greece, Belgum, France,
Portugal, Denmark, Norway, Ireland, Switzerland,
Poland and Cyprus.

Another cluster which is shown in blue is made up of
Spanish-speaking countries, with the exception of Brazil.
Although in this cluster there are only six countries, the
collaboration among Colombia, Chile, Mexico, Brazil
and Spain is important. In this cluster we find Peru
which has weaker collaboration (Figure 2).

The purple cluster is made up of three countries
(Figure 2), the Czech Republic, Slovakia and Ukraine
which all have common borders. The first two countries
are in Central Europe and the third is in Eastern Europe.
The strongest collaboration is between the Czech
Republic and Slovakia while Ukraine has less
collaboration.
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Figure 2. Network of collaboration among countries or regions (Source: Authors” own elaboration)

Table 5. Institutions with the greatest production between 2000 and 2024

Affiliation Articles Percentage (%) Country
University of California 178 1.31 United States
Purdue University 115 0.85 United States
Michigan State University 78 0.57 United States
University of Michigan 74 0.54 United States
University of Georgia 63 0.46 United States
Vanderbilt University 62 0.46 United States
Northwestern University 59 0.43 United States
Arizona State University 56 0.41 United States
Texas A&M University 54 0.40 United States
University of Minnesota 53 0.39 United States
Other institutions (5,070) 12,823 94.18

Total 13,615 100

Analysis of Institutions

Table 5 presents the ten institutions with the highest
number of published articles. All ten affiliations are
universities in the United States, with the University of
California listed in first position with 178 articles (1.31%
of total production). Also, it can be observed that the rest
of the universities are below 1%, with Purdue University
being the closest to the University of California with 115
publications.

In relation to the collaboration between institutions,
various clusters were identified (see Figure 3). The most
important cluster, marked in green, is led by the
University of California and is made up of 15
institutions, all in the United States. In addition, greater
collaboration is shown between the University of
California, Northwestern  University, = Columbia
University, the University of Wisconsin-Madison,
Stanford University, Cornell University, Michigan State
University and Vanderbilt University. In contrast,
Pennsylvania State University is the one with weakest
relation within the cluster.
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The purple cluster is made up of 13 institutions in the
United States (see Figure 3). Purdue University
predominates the cluster and has established close
collaboration with the University of Pittsburgh and the
University of Colorado. The weakest relationship of
collaboration is with Clemson University. Also, in this
cluster we find the University of Michigan, lowa State
University, the University of Florida, Ohio State
University, George Mason University, the University of
South Florida, Oregon State University, Indiana
University and North Carolina State University.
However, we may observe important collaboration
between the university of Michigan and Michigan State
University, which are found in different clusters.
Likewise, Purdue University has a close collaboration
with Arizona State University which is another cluster.

Anther relevant cluster is the brown one which is
made up of only three institutions, Arizona State
University, the University of Washington and Florida
State University, all in the United States. Within this
cluster we may observe the great collaboration between
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Figure 4. Network of co-citations (Source: Authors” own elaboration)

Arizona State University and the University of
Washington, shown by the thick line which joins the
circles (see Figure 3).

The red cluster in Figure 3 is made up of three
universities, one in England (University College
London) and two in China (The Chinese University of
Hong Kong and The Education University of Hong
Kong). The relationship of collaboration among these
three institutions is similar; there is not one that
dominates.

It is important to point out that there are institutions
in various countries which are not included in the
clusters, but which share important collaboration with
the aforementioned clusters. Among these are Curtin
University (Australia), Monash University (Australia),
National Taiwan Normal University (Taiwan),

University of Toronto (Canada) and Beijing Normal
University (China).

Analysis of Co-Citations

A network of 25 authors was obtained in the analysis
of co-citations with the most co-citations (see Figure 4).
In the network each node represents an author, and the
larger the node and the author’s name, the more citations
it indicates.

The author who stands out in the network of co-
citations (Figure 4) is Eccles, J. S. from the University of
California (United States), who conducts research on
gender roles, teacher expectations, the influence of the
classroom environment on student motivation, and
social development in the school and family context. In
addition, we find her contribution to the expectancy-
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value theory of motivation and her concept of setting-
scenario are the most important models on academic
performance (Eccles, 2014; Eccles & Wigfield, 2023, 2024;
Eccles et al., 2015; Wigfield & Eccles, 2023, 2024). The
second most outstanding author is Bandura, A. from
Stanford University (United States) who developed the
theory of social learning, studied self-efficacy, cognitive
processes in behavioral changes, and reinforcement
(Bandura, 1976, 1977, 1978a, 1978b, 1982; Bandura &
Adams, 1977; Bandura et al., 1977).

Analysis of Co-Authors

Figure 5 shows the collaboration network among
authors, where three groups stand out, two for their
impact and the third for the number of authors who
collaborate. The most important collaboration group is
the one made up of Lavicza, Z.,, Houghton, T., and
Weinhand], R. all three from Johannes Kepler University
Linz in Austria. In addition, two of the authors belong to
the 10 authors with the highest number of publications
(see Table 3), occupying the first and sixth positions.

The second group that stands out in terms of
collaboration between authors (see Figure 5) is that
formed by Capraro, M. M. and Capraro, R. M., both from
Texas A&M University in the United States. The two
researchers are among the 10 authors with the highest
number of published articles (see Table 3), ranking third
and fifth. Also, Texas A&M University is one of the ten
universities with the highest production of articles (see
Table 5). Likewise, the two authors are affiliated with
universities in the United States, which is the leading
country in published articles (see Table 4). However, the
third group gains relevance due to the number of
authors who collaborate with each other. The group
consists of Wang, X. (University of Wisconsin-Madison),
Henderson, C. R. (Western Michigan University), Stains,
M. (University of Virginia), Eddy, S. L. (University of
Minnesota Twin Cities), Ballen, C. ]. (Auburn
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University), Smith, M. K. (Cornell University), and
Chakraverty, D. (Indian Institute of Management
Ahmedabad). In this group, the first two authors are
among the top-10 authors with the most publications
(see Table 3). Furthermore, six of the seven authors have
affiliations with universities in the United States, and
only one is from a university in India.

Analysis of Co-Words

The co-word network corresponds to the keywords
of each article. Using data mining analysis, a network is
created that is shown in Figure 6. In the co-word
network, seven groups are identified with different
colors. The size of the circle represents the number of
repetitions of that word. The larger the circle, the greater
the repetition of that keyword; on the contrary, the
smaller the circle, the less that keyword is present.

In the co-word network (see Figure 6), the largest
group is the red one, called group 1, and includes the
keywords:  mathematics education, engineering
education, curriculum, STEM technologies, teaching and
learning, STEM, and professional aspects. Group two
(green) includes mathematics, humans, learning,
adolescents, male, female, child, and psychology. Group
three (blue) is about minority groups, mentors, career
choice, decision making, diversity, and equity. Group
four (yellow) includes engineering, science, students,
universities, research, curriculum, human, and
technology. Cluster five (purple) comprises the terms
education, gender, academic performance,
sustainability, perception, science and technology.
Cluster six (blue-green) deals with high school,
achievement, academic motivation, competition, family
and parents. Cluster seven (orange), the smallest cluster
refers to students and underrepresented groups,
community college, socioeconomic status, social status
and employability.
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Figure 6. Network of co-words (Source: Authors” own elaboration)

Bibliographic Coupling
In bibliographic coupling, articles that share
references are identified. Figure 7 shows the

bibliographic coupling network that was created in
which four groups were formed. Each group is identified
with a different color and the larger the circle, the greater
the bibliographic coupling.

In the bibliographic coupling network (see Figure 7),
group one is identified in yellow and is about minorities
in STEM. In this group, work by Freeman et al. (2014)
stands out. They conducted a meta-analysis with 225
studies where they compared the performance of
students with traditional learning and active learning.
The results indicated that grade point averages
improved by about 6% with active learning and students
with traditional learning had 1.5 times more failure rates
than students with active learning. Another article that
emerges is Estrada et al. (2016) where they study how to
improve persistence in minority students in STEM
programs. Estrada et al. (2016) propose eliminating
institutional barriers to admission and identifying
interventions that increase students’ interest,
commitment, and ability to continue in STEM programs.

In addition, Estrada et al. (2018) in a longitudinal
investigation determined that quality mentoring and
research experiences in junior and senior years favor the
integration of underrepresented minorities in STEM
programs. Similarly, Eagan et al. (2013) present a study
on the impact of undergraduate research programs on
minority groups and how these significantly influence
the possibility of continuing with a STEM graduate
degree. Also, Ong et al. (2018) conducted work on
marginalized groups, specifically women of color and
their persistence in STEM.

Group two (green color) covers the reasons for
choosing a STEM career. Maltese and Tai (2011) stand
out with an investigation on school factors that influence
students to choose a STEM program. In the results they
found that the decision is made by students during high
school and is based on their interest in mathematics and
science, rather than on enrollment and performance in
advanced courses. Likewise, another important study in
this group is Wang (2013) who investigates the reasons
that students have for choosing a STEM program. The
findings show that choosing a STEM major is directly
related to math performance in 12t grade, taking math
and science courses, and the belief in math self-efficacy.
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Figure 7. Bibliographic coupling (Source: Authors” own elaboration)

The positive impact of these factors accumulates mainly
in white students and less in underrepresented minority
students. Dennehy and Dasgupta (2017) point out that
peer mentors at the beginning of college positively
increase the experience and retention of women in
engineering. Also, Hernandez et al. (2013) conducted a
longitudinal study of interventions that motivate the
participation of underrepresented students in STEM. In
turn, Jang (2016) investigates the competencies that
students should develop in STEM.

Group three (blue) is about STEM teaching in
primary and secondary school. Brophy et al. (2008)
stands out with the research where they present
instructional models to teach engineering in K-12 classes.
Also, Roehrig et al. (2012) is important with the study on
the integration of STEM education by secondary school
teachers during a school year. Similarly, Oleson and
Hora (2014) through qualitative methods study how
STEM teachers teach. On the other hand, Handley et al.
E2015) study the gender bias against women in STEM
areas. In turn, Hillmayr et al. (2020), conducted a meta-
analysis on the use of digital tools in the learning of
mathematics and science in secondary school. Similarly,
Jang and Tsai (2012) investigate the technological
pedagogical content knowledge model at the primary
level in mathematics and science teachers with the use of
interactive whiteboards.

Group four (red) includes integrated STEM and
teacher training. It is represented by several studies such
as that of Shernoff et al. (2017) on assessment in teacher
training and professional development in integrated
STEM education. Another research is that of Corlu et al.
(2014) who propose a model for STEM education
emphasizing integrated knowledge of the teacher.
Integrated STEM education is also studied by Maass et
al. (2019), where they point out that mathematics is
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underestimated within STEM and propose three
interdisciplinary approaches to promote it. In turn,
Herro and Quigley (2017) carried out research on teacher
perspectives and practices before and after participating
in professional development for STEAM integration.
Kim and Bolger (2017) stand out with the study on the
change in attitudes of primary school students toward
teachers in the integration of STEAM pedagogy to
develop lesson plans.

Network Analysis and Emerging Lines of Research

Network analysis selected articles with the highest
number of citations on the results of ToS and thus
constructed the tree diagram presented in Figure 8. The
tree shows the articles that correspond to the root
(seminal articles), the trunk (articles that cite the seminal
documents and are cited by recent studies), the branches
(the research perspectives) and the leaves (recent
research). To select the documents that make up the tree,
the most cited documents were identified from the list
obtained in ToS for each category, in the roots (5
documents), in the trunk (5 articles), in the branches (10
articles in each of the three branches), and in the leaves
(21 articles). The research perspectives or emerging lines
were called gender and STEM postgraduate studies,
motivation and permanence in STEM, and the third,
mathematical identity.

Roots

The first document reviewed in the roots is that of
Vygotsky (1978). This book is a compendium of
manuscripts and conferences where concepts about
what would later be known as Vygotsky’s (1978) theory
are presented. This theory states that social and cultural
interaction influences people’s thinking and behavior
and is therefore fundamental for cognitive development.
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Figure 8. ToS tree diagram (Source: Authors” own elaboration)

In addition, it states that learning is a process that takes
place in a social and cultural context, and not
individually.

Another of the seminal documents is that of Papert
(1980), where the basic ideas of learning are presented
through constructionism. In this theory it is stated that
one learns by doing, where motivation and interest
contribute as essential elements for learning. He also
states that technology is a tool that allows constructions
to be made. Likewise, he points out that each individual
is responsible for his own learning.

On the other hand, Cohen (1988) joins the seminal
documents in this research with contributions on
statistics for behavioral sciences. This book describes and
proposes statistical parameters to measure the strength
of a phenomenon, that is, the size of the effect. Also,
criteria are established to define whether the size of the
effect is small, medium, large or very large.

The fourth seminal document is by Bandura (1986)
and presents the theory of social learning. This theory
states that children learn through social contexts, that is,
through observation and imitation of behavior.
Likewise, it indicates that the learning process is affected
by the mental state, however, when something is learned
this does not mean that a change in behavior will occur.

Finally, there is the seminal document by Lave and
Wenger (1991) where they present the theory of situated
learning. This theory mentions that learning occurs in a
real context, where the student interacts with the
environment. In addition, it is mentioned that practice,
trial and error are required to obtain skills that arise with
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3
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experience. Additionally, collaborative work, where
individuals interact with each other and with their
surroundings is essential for learning.

Four learning theories emerged as seminal articles in
the roots. These theories address learning from
childhood and are taken up at all educational levels. In
addition, to determine the size of the effect in the studies
or didactic proposals, Cohen’s (1988) contribution
emerges as a seminal study.

Trunk

The trunk includes studies that cite the documents of
the roots and, in turn, are cited by research that makes
up the branches and leaves. The trunk of the tree is made
up of five studies, the first to be reviewed is that of
Springer et al. (1999) who develop a meta-analysis on the
effects on learning by small undergraduate groups in
STEM. The study shows that diverse small learning
groups in addition to improving academic achievement,
favor the attitude towards learning and increase
persistence in undergraduate courses in STEM.

On the other hand, Ceci et al. (2009) present research
on the underrepresentation of women in intensive
mathematics. In the study, they indicate that, although
biological and sociocultural causes are mentioned, these
are not conclusive. However, they expose factors that
contribute to the underrepresentation of women in the
field of mathematics, one of which is that women with a
good command of mathematics prefer other areas and,
in addition, are more likely to abandon careers with a
program requiring many studies in mathematics.
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Another factor is that men obtain higher scores in exams
or control tests in mathematics. A third factor is that
women with high mathematical competence also have a
high verbal competence and therefore have a greater
range of professions to choose from. A fourth factor is
that women with children are penalized when obtaining
promotions at work. Finally, they mention that a
secondary factor is that performance in control tests is
due to sociocultural rather than biological causes.

Another study that is part of the structural
documents is Ceci and Williams (2011) and also
addresses the wunderrepresentation of women in
mathematics-intensive fields. In the research, they
review data from the last 20 years of complaints about
discrimination and the arguments presented and
conclude that some of these claims no longer correspond
to the current situation. Therefore, options are proposed
to contribute to gender equity based on current and not
historical findings.

An article that forms the core is that of Freeman et al.
(2014), where through a meta-analysis of 225 studies,
they compare the performance of undergraduate
students in STEM with traditional teaching and active
learning.

In the study, they found that exam performance
increases with active learning and that failure in
traditional classes increases by 55% compared to active
learning. In the analysis, they also determined that the
results are similar in all STEM disciplines and that active
learning is effective for all class sizes, but a greater effect
is obtained in classes of 50 students or less.

The fifth article that makes up the trunk of the tree is
the study by Theobald et al. (2020) where the
performance of underrepresented and overrepresented
students is compared with education using active
learning and traditional teaching. The analysis included
15 studies with test scores and 26 studies with student
failure data. The results show that with active learning
the gap in performance with test scores was reduced by
33% and in terms of passing, the gap was reduced by
45%. However, they point out that only classes where
high-intensity active learning was applied with inclusive
teaching reduced the performance gaps.

Branches

The emerging lines of research are reflected in the
branches of the tree. In the analysis using ToS, three
branches were obtained, from which ten of the most
cited articles in each branch were analyzed. In turn, with
the analysis of the articles that make up each emerging
line, a name was designated according to the theme,
identifying them as gender and STEM postgraduate
studies, motivation and permanence in STEM, and
mathematical identity.

Emerging line: Gender and STEM graduate studies:
The first article reviewed is that of Walton et al. (2015),
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who conducted a randomized controlled trial of short
interventions to reduce the cold atmosphere faced by
women in engineering. The results of the proposal had a
greater effect in careers where women represented less
than 20% and, in addition, grade point averages
increased for women, eliminating gender differences. In
turn, women acquired skills to cope with daily
adversities and improved their attitudes toward
academic activities. Similarly, Dweck (2007) investigated
the gender difference in learning mathematics. In the
study, she proposes that it is due to a gender difference
in the way of dealing with difficulties and confusion, and
not due to mathematical ability. On the other hand,
Berenson et al. (2004) conducted a study on collaboration
between women in an advanced software course. The
findings identified the importance of face-to-face
meetings, increased confidence in product quality, and a
reduction in the amount of time required for tasks.

Another line of research is formed by several studies,
such as Baker (2010), who, through development
networks and sociocultural perspectives on learning,
proposes an approach to analyze doctoral studies as a
path for teachers. Through the approach, the
relationship between what students learn during
postgraduate studies, including their role as teachers
and the formation of their professional identity, is
determined. On the other hand, Golde (2005) studies the
dropout rate of doctoral students. He establishes that
poor academic integration is the cause of dropout. In
addition, he points out that both universities and
institutes, as well as national organizations in each
discipline, lack adequate academic integration.
Similarly, Posselt (2018) investigates the role of teacher
mentoring in doctoral education. Teacher support
promotes intellectual growth, professional socialization,
and independence. It is also stated that teachers can
prevent students from confusing difficulties at school
with their ability to achieve success.

Feldon et al. (2011) studied the methodological
research skills of graduate students in STEM areas. The
results showed that students who are teaching improved
significantly in generating testable hypotheses and
designing valid experiments. Therefore, they conclude
that teaching experience can favor research skills. In this
same line of research, Feldon et al. (2010) conducted a
study to determine the influence of instruction on
scientific research skills in STEM students. To do so, they
provided instruction based on cognitive task analysis to
a group of students (treatment) and another group with
traditional instruction (control). The results indicate that
students with traditional instruction are almost six times
more likely to drop out of the course compared to the
treatment group. On the other hand, students in the
treatment group showed significantly  higher
performance in formulating conclusions, with
alternative explanations, exposing design limitations
and implications for research.
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On the other hand, in this line of research, support
with ICT in rural communities also emerges. The study
by Pade-Khene et al. (2011) proposes a model for
managing ICT projects in rural areas of developing
countries. The model includes sustainability criteria that
involve the implementation of information and
communication technologies in mathematics education.
In turn, Jacobs and Herselman (2005) propose
establishing centers that provide integrated ICT services
in rural communities, a physical center with
infrastructure to provide advice on desktop publishing,
business support, application development, training and
information services to the community. In this way, the
rural community can manage its own development
because they have ICT.

Emerging line: Motivation and permanence in
STEM: Names such as Brunce et al. (2016) who studied
the consumer orientation of students in higher education
and the relationship with academic performance appear.
They found that the greatest consumer orientation is
associated with lower academic performance.
Abramovich et al. (2013) studied the educational
insignias as an alternate evaluation to increase student
motivation. The study was carried out using insignias in
an intelligent tutorial system for learning applied
mathematics at the secondary school level. The results
showed that the insignias could have a positive effect on
students” motivation. The patterns for obtaining
insignias varied among the students with varying levels
of previous knowledge. They point out that the
educational insignias should be developed considering
students” capabilities and motivations. Moreover, there
are studies such as those by Williams and Wade-Golden
(2013) which focus on the directives of diversity in
higher education. In the study they define the necessary
skills, knowledge and experience the directive of
diversity should have in order to be effective.

Another line of investigation emerges with Simpkins
et al. (2012) on the associations between the parents’
beliefs and the behavior toward the young people’s
achievements. In the study, they determined that
mothers’ beliefs in sports, music, and mathematics
positively predicted youths” motivational beliefs in these
areas. In turn, Harackiewicz et al. (2012) conducted an
intervention with parents of high school students to
convey to them the importance of selecting STEM
courses. The results indicated that students whose
parents participated in the experimental group opted on
average for almost one more semester of science and
mathematics compared to the control group. Similarly,
Rozek et al. (2015) analyzed the results obtained with a
utility-value intervention that was implemented with
parents of high school students to motivate their
children to study advanced science and mathematics
courses. The findings showed that the intervention to
motivate taking STEM courses was more effective in
high-achieving girls and low-achieving boys. However,

an increase in STEM courses was not obtained in low-
achieving daughters. Rozek et al (2017) also evaluated
the long-term effects of parents’ intervention with
secondary students to help them transmit the
importance of mathematics and science courses.
Findings showed that intervention managed to improve
the grades in standardized tests in mathematics and
science, which is an exam for university preparation.
Besides, improved preparation in STEM during
secondary education is associate with a better search for
STEM areas of university studies. Therefore, they
conclude that a motivational intervention by the parents
can improve students’ STEM secondary preparation and
their continuing on to university education in STEM.

A line of research on student motivation and
retention in STEM areas is created with studies such as
that of Fortus and Vedder-Weiss (2014) on the
continuous motivation of students for learning science.
Continuous motivation can be reflected in carrying out
extracurricular activities on science that are not related
to school or other requirements. In the study, they
develop an instrument to measure continuous
motivation in learning science and its relationship with
school, grades and gender. In the results during its
implementation, they found less continuous motivation
in women. Similarly, Harackiewicz et al. (2014)
conducted a study on how to promote STEM courses for
students and their permanence in them. The work
focuses on students’ perceptions of the value of
academic tasks and personal values during the school
stage. In the analysis of different interventions, they
conclude that motivational processes must be specific to
be effective with specific groups or contexts. On the
other hand, Smyth and Nosek (2015) investigate whether
the variation in the proportions of women in scientific
disciplines is related to explicit or implicit stereotypes
that favor men. In the research, they hypothesize that
stereotypes of science as masculine are weaker where
women are better represented. In the results, they
obtained that the explicit stereotype confirms the
hypothesis, but the implicit stereotype is related to the
scientific values of women in the disciplines.

Emerging lines: Mathematical identity: Along this
line, studies on mathematics identity emerge, such as
that of Godwin et al. (2016) on identities in mathematics
and physics, as well as students’ beliefs about the ability
of science to improve the world can predict the choice of
a career in engineering. In the results, they found that
both the identities and beliefs of students are significant
predictors for the choice of an engineering career.
Similarly, Dou et al. (2019) studied the relationship
between STEM experiences in childhood, STEM identity
and the intention to study a university career. The
findings indicate that STEM identity is a predictor for
studying a STEM career. In turn, carrying out informal
activities about STEM were also predictive for STEM
identity during university.
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In the same line of research, Cribbs et al. (2015)
studied students’ beliefs about their competence in
mathematics. The results showed that self-perceptions
about competence and performance in mathematics are
not sufficient for the development of mathematical
identity. However, the association between students’
interest and external recognition in mathematics and
mathematical identity stands out. On the other hand,
Dabney et al. (2013) analyze family influence and
students’” initial interest in the study of science. The
findings indicate that family interest fosters initial
interest in science. They later determined that parents’
occupation was previously the influence, while currently
it is occupation, fun or hobby and approval.

Other contributions are those of Lamb et al. (2015)
who review the relationship between cognition, the
affective aspect and the STEM content integrated into the
primary and secondary school curriculum. The findings
showed differences between experimental and control
groups in the constructs of self-efficacy, scientific
interest, spatial visualization and mental rotation. The
evidence found suggests that the inclusion of integrated
STEM learning in primary school is significantly
important as students’ progress in school. Also, Hsu et
al. (2017) analyze the incorporation of augmented reality
of students to explore surgery. The results indicated a
positive perception in the lessons and simulators. In
turn, motivation and commitment were also high, which
is why it is concluded that interest in studying for a
career in STEM increased.

In addition, Uttal et al. (2013) studied spatial thinking
and how it can improve achievement in STEM areas. In
the results they obtained that the effect of spatial training
could last for months in similar tasks and they also found
works that indicate an increase in learning in STEM. In
addition, Miller and Halpern (2013) investigated the
benefits of spatial training in students of STEM careers.
The results showed improvement in spatial skills in
talented students, in turn reducing gender differences.
Also, an increase of one third of the grade in the physics
course was obtained. However, no differences were
detected eight months after training. The researchers
suggest carrying out spatial activities for several
semesters or years to reduce gender gaps in STEM.

On the other hand, Tan et al. (2013) investigate the
low representation of non-white girls in STEM. In the
study, they analyze the identities of non-white high
school girls whose goals are STEM-related fields. In the
results, they obtained both the obstacles and the support
structures that girls require to follow a path in STEM. In
addition, Carlone et al. (2015) study gender as a
discursive performance. In the research, they analyzed
the data of girls in science and found that gender, race,
and class structures stand out over time. In addition, the
thematic positions in the classroom are narrow, leaving
no room to be both feminine and scientific.
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Leaves

The leaves in the science tree correspond to the most
recent and cutting-edge articles in this area. The ToS
analysis identified 50 leaves, from which the most recent
articles were selected, from the year 2020 to May 4, 2024
(21 articles).

In relation to STEM, the study by Lavi (2021) was
found, which investigates the development of 21st
century skills in STEM students. In turn, Majeed et al.
(2021) analyze the impact of STEM education on creative
thinking and performance in mathematics. Also, Bakker
et al. (2021) study what topics educational research in
mathematics should focus on in the next decade. On the
other hand, Maiorca et al. (2021) investigate the influence
of a STEM educational experience in high school
students on their interest in studying a STEM career.
Similarly, Aguilera and Ortiz-Revilla (2021) analyze
educational interventions with STEM and STEAM to
determine their ability to develop creativity in students.

Regarding the use of technology for teaching and
learning, several studies were identified, such as that of
Mystakidis et al. (2022) who carry out a systematic
review on the use of augmented reality applications in
STEM at a higher level. In turn, Dorouka et al. (2020)
investigate smart mobile devices and applications for
early childhood education. Also, we find Hillmayr et al.
(2020) through a meta-analysis study how technology
can improve learning in mathematics and science at the
secondary level.

Now, in reference to teaching-learning approaches,
there are works such as that of Starr et al. (2020) who
study the scientific practices in the classroom of STEM
students in relation to motivation, identity and academic
performance. On the other hand, Bond (2020) conducts a
systematic review on the flipped learning approach in
primary and secondary education. In relation to active
learning, Lombardi et al. (2021) analyze its construction
in STEM. Likewise, Apkarian et al. (2021) study active
learning in introductory STEM courses. Also, Conde et
al. (2021) carried out a systematic mapping to identify
how active learning in robotics and mechatronics is
applied in STEAM education.

Studies on underrepresented groups are presented
by Harris et al. (2020) who investigate the abandonment
of underrepresented groups from STEM careers. In turn,
Miles et al. (2020) analyze racial microaggressions in
black STEM PhD students. Also, McGee (2020) studies
the racialized structure of higher education in STEM.
Similarly, Marin-Spiotta et al. (2020) review the historical
structures of exclusion in geosciences and other STEM
fields. On the other hand, O’Leary et al. (2020) consider
teacher training as an alternative to transform STEM
classrooms into more inclusive areas.

In research on gender, there is Master et al. (2021)
who study the social stereotype that girls are less
interested in computer science and engineering than
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boys. In addition, Miller et al. (2021) analyze educational
experiences with minoritized sexual and/or gender
identities in STEM. Also, Bloodhart et al. (2020)
investigate gender biases in STEM careers.

CONCLUSIONS

The objective of this research is to first establish the
current state of education in mathematics and
technology, and for this purpose a bibliometric study
was carried out. Subsequently, to obtain the emerging
lines of research, a ToS analysis was carried out.

In the bibliometric analysis, the number of articles per
year was determined, where the year 2022 stands out
with 726 documents, followed by the year 2023 with 707
studies. Regarding the journals with the highest
production, the first 10 journals belong to quartile 1 or
quartile 2. The journal with the most articles published
is CBE-Life Sciences Education from the United States
with 170 studies. In second place is the journal Education
Sciences from Switzerland, with 107 articles.

The author with the greatest production on the
subject is Lavicza, Z. from Johannes Kepler University
Linz in Austria with 25 articles. In second place is
Drijvers, P. H. M. from Freudenthal Institute in the
Netherlands with 14 articles. In third place with 13
studies is Capraro, M. M. from Texas A&M University in
the United States.

As for the most prolific countries, the United States
leads with 44% of the production, and in second place is
China with 5.55%. In turn, the collaboration network
between countries exposes four clusters, where the main
cluster is the United States and is made up of countries
from all over the world, however, the strongest
relationship of the United States is with Canada and
China.

In relation to the institutions, the first ten with the
greatest production of articles belong to the United
States. The University of California with 178 articles and
Purdue University with 115 studies are the most prolific
institutions. In the network of collaboration between
institutions, several clusters were formed, however, the
two most important clusters are led by the University of
California and the other by Purdue University.

In the network of co-citations, six clusters were
formed. The most outstanding author is Eccles, J. S. from
the University of California in the United States. On the
other hand, in the network of co-authors, nine clusters
were integrated. The strongest cluster is made up of
three authors from the Johannes Kepler University Linz
in Austria, and the most prolific author belongs to this
cluster, Lavicza, Z.

The network of co-words showed seven clusters. The
largest group corresponds to mathematics in
engineering, while group two is about mathematics in
children and adolescents. Group three is about minority

groups, diversity and equity. Group four refers to
engineering and universities. In turn, group five is about
gender, academic performance and perception. In group
six it is about high school, motivation and parents.
Finally, cluster seven includes underrepresented
students and employability.

Four clusters were formed in the bibliographic
coupling. One of the clusters is about minorities in
STEM. Another cluster is about the factors for choosing
a career in STEM. A third cluster refers to STEM teaching
in primary and secondary school. The fourth cluster
brings together research on integrated STEM education
and teacher training to carry it out.

In the network analysis carried out through ToS, the
seminal documents that correspond to the roots of the
tree were obtained. In this study, the seminal documents
are about learning theories and contributions to statistics
in behavioral sciences. The theories that make up the
roots are Vygotsky’s (1978) sociocultural theory, Papert’s
(1980) constructionist theory, Bandura’s (1986) social
learning theory, and Lave and Wenger’s (1991) situated
learning theory. Finally, there is Cohen’s (1988) work on
the size of the effect when implementing a didactic
proposal.

The ToS core is the central column of collective
knowledge, it is based on the roots and is where new
research emerges. The articles that make up the core are
Springer et al. (1999) with a meta-analysis of the effect on
STEM undergraduate learning. Likewise, Freeman et al.
(2014) present a meta-analysis that compares
performance between traditional and active learning in
STEM undergraduate. On the other hand, Ceci et al.
(2009) address the underrepresentation of women in
intensive mathematics. Likewise, Ceci and Williams
(2011) analyze the last 20 years of complaints about
discrimination against women in mathematics areas. In
turn, Theobald et al. (2020) carry out a meta-analysis
where  they  contrast the  performance of
underrepresented and overrepresented students
between traditional and active learning.

The emerging perspectives or lines of research are
identified with the ToS branches. Three lines of research
were obtained in this study. The first emerging line of
research was called gender and STEM postgraduate
studies, which also includes the use of technology in
rural communities. Regarding gender, Walton et al.
(2015) work on the hostile climate faced by women in
engineering. Also, Dweck (2007) studies gender
differences in learning mathematics. Likewise, Berenson
et al. (2004) analyze collaboration between women in
advanced software courses. On the other hand, in the
doctoral area, there is Baker (2010) who presents the
doctorate as a route to teaching. In addition, Golde (2005)
analyzes the desertion of doctoral students. In the same
sense, Posselt (2018) investigates teacher mentoring in
doctoral studies. In turn, Feldon et al. (2010) investigate

15 /23



Navarro-Ibarra et al. / Mathematics education and technology

the influence of scientific research skills in STEM
undergraduate studies, and methodological research
skills in STEM postgraduate studies are examined by
Feldon et al. (2011). Another area of research is on ICT in
rural communities, where Pade-Khene et al. (2011)
propose a model for managing ICT projects and
Herselman (2005) suggests establishing centers that
provide integrated ICT services.

These findings coincide with Dori et al. (2024), who
express that the representation of women in STEM areas
is low. They also mention that both the choice and the
permanence of women in a STEM career are affected by
the balance between personal life, professional
development, and work. In addition, Akar et al. (2024)
point out that beliefs about employment affect the
professional development of women in STEM. Now,
Mansour et al. (2024) state that structured training,
technology-based certification programs, and STEM
graduate studies strengthen the skills of teachers who
teach STEM subjects. On the other hand, the
development of scientific communication skills for
mentors also benefits students, not only in
sociopsychological and behavioral aspects, but also in
scientific identity, communication, and considering
STEM degrees (Cameron et al., 2024).

A second emerging line of research is on motivation
and retention in STEM, where the influence of parents of
high school students on the choice of STEM careers is
also investigated. In the area of student motivation,
Bunce et al. (2016) analyze the consumer orientation of
universities, while Abramovich et al. (2013) study
educational badges as an alternative assessment in high
school. Similarly, Williams and Wade-Golden (2013)
investigate diversity directors in higher education. In the
area of parents of high school students, there is the work
of Simpkins et al. (2012) on parents’ beliefs about youth
achievement. Also, Harackiewicz et al. (2012) implement
an intervention with parents to instruct them on the
importance of STEM courses. In addition, Rozek et al.
(2015) analyzed the results of an intervention in parents
to motivate their children in STEM courses. Similarly,
Rozek et al. (2017) evaluated the long-term effects of
intervention of parents. The area of motivation and
belonging in STEM is made up of studies such as that of
Fortus and Vedder-Weiss (2014) who study the
continuous motivation for learning science. In turn,
Harackiewicz et al. (2014) study how to promote entry
and permanence in STEM. On the other hand, Smyth and
Nosek (2015) analyze stereotypes in STEM.

This research perspective agrees with the work of
Hale et al. (2024), who obtained a positive change in the
STEM aspirations of secondary school students through
fieldwork and conversations with scientists. Similarly,
interdisciplinary = projects provide students with
collaboration skills, responsibility, group processing,
and social skills that contribute to STEM workforce
training (Seo et al., 2024). In addition, didactic sequences
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with a STEM focus in early childhood favor disciplinary
integration, the solution of real-life problems, and active
interdisciplinary learning (Rda et al.,, 2024). Also, the
autonomous choice of projects by secondary school
students stimulates the integration of STEM areas by
solving real problems in their communities (Tang et al.,
2024).

The third emerging line of research is about
mathematical identity during childhood and high
school. Godwin et al. (2016) work on mathematical
identity in high school students, while Dou et al. (2019)
analyze STEM experiences during childhood and the
relationship with STEM identity. Also, Cribbs et al.
(2015) investigate students’ Dbeliefs about their
competence in mathematics. On the other hand, Dabney
et al. (2013) review the family influence on the choice of
studying science. Similarly, Lamb et al. (2015) examine
the relationship between cognition, affective aspects and
STEM content integrated into primary and secondary
curricula. In turn, Hsu et al. (2017) use augmented reality
to increase interest in STEM careers. On the other hand,
Uttal et al. (2013) and Miller and Halpern (2013) present
work on spatial thinking in STEM students. Regarding
the scarce representation of non-white girls in STEM, it
is addressed by Tan et al. (2013), while Carlone et al.
(2015) conduct gender studies analyzing data from girls
in science.

This line of research concurs with the study by Revéak
et al. (2024), who express that STEM education has
increased in early childhood due to digital technology.
However, they argue that the child should be in a natural
environment where they face reality. The integration of
STEM areas in the classroom is carried out with different
strategies, according to Ismail et al. (2024), such as
inquiry-based learning, problem-solving, practical
activities, or real-life applications. However, it is
complex to achieve the connection between disciplines,
indicating the need for teacher training in STEM.
Similarly, Flanagan et al. (2024) determined that primary
school teachers have deficiencies in their understanding
of integrated STEM education. In addition, in STEAM
education, the experience, prior knowledge, and attitude
of teachers favor innovation and student performance
(Chu et al,, 2024). On the other hand, during teacher
training for STEAM, there is a lack of an interdisciplinary
approach, primarily considering interventions in
mathematics and statistics, according to Alvarez &
Olatunde-Aiyedun (2024). Similarly, in-service teachers
express conflicts in relating theoretical concepts to real-
life situations.

The most recent research in the field is located in the
ToS leaves. In the STEM area, the studies by Lavi (2021),
Majeed et al. (2021), Bakker et al. (2021), Maiorca et al.
(2021) and Aguilera and Ortiz-Revilla (2021) were
identified. In the use of ICT for teaching and learning,
there are articles by Mystakidis et al. (2022), Dorouka et
al. (2020), Hillmayr et al. (2020), Starr et al. (2020), Bond
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(2020), Lombardi et al. (2021), Apkarian et al. (2021) and
Conde et al. (2021). Regarding underrepresented groups,
the works of Harris et al. (2020), Miles et al. (2020),
McGee (2020), Marin-Spiotta et al. (2020), and O’Leary et
al. (2020). In gender studies, there are the investigations
of Master et al. (2021), Miller et al. (2021), and Bloodhart
et al. (2020).

In the bibliographic coupling and in the emerging
lines of research, common actions were identified in
primary and secondary school. The studies in primary
and secondary school are aimed at motivating children
and adolescents to study STEM degrees. The research is
diverse, there are studies where the proposal is to have
an integrated STEM curriculum, train teachers to
integrate STEM, as well as workshops or interventions
with parents to make them aware of the advantages of
their children choosing STEM subjects. In addition,
didactic proposals were identified with technology to
visualize objects in 3D whose purpose is to motivate
students to choose STEM degrees.
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