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ABSTRACT

Higher education has adopted STEM methodology as a 
comprehensive approach that combines pedagogical in-
novation, interdisciplinary learning, and the development 
of transversal skills. The effective implementation of STEM 
enhances technical skills, creativity, critical thinking, colla-
boration, and problem-solving, preparing students to face 
scientific, technological, and social challenges. The re-
viewed research highlights the importance of ongoing tea-
cher training, interdisciplinary curriculum design, collabo-
rative assessment, project-based learning, and community 
engagement. Furthermore, the integration of practical ex-
periences, case studies, and community service programs 
fosters the application of knowledge, strengthens self-effi-
cacy, and promotes inclusion and equity in diverse con-
texts. Together, these strategies solidify STEM education as 
a transformative educational model, capable of producing 
competent, adaptable professionals committed to innova-
tion and social responsibility.
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RESUMEN

La educación superior ha adoptado la metodología STEM 
como un enfoque integral que combina innovación pe-
dagógica, aprendizaje interdisciplinario y desarrollo de 
competencias transversales. La implementación efectiva 
de STEM potencia habilidades técnicas, creatividad, pen-
samiento crítico, colaboración y resolución de problemas, 
preparando a los estudiantes para enfrentar desafíos cien-
tíficos, tecnológicos y sociales. Las investigaciones revi-
sadas destacan la importancia de la formación docente 
continua, el diseño curricular interdisciplinario, la evalua-
ción colaborativa, el aprendizaje basado en proyectos y la 
vinculación con la comunidad. Asimismo, la integración de 
experiencias prácticas, estudios de caso y programas de 
servicio comunitario favorece la aplicación del conocimien-
to, fortalece la autoeficacia y promueve la inclusión y equi-
dad en contextos diversos. En conjunto, estas estrategias 
consolidan la educación STEM como un modelo educativo 
transformador, capaz de formar profesionales competen-
tes, adaptables y comprometidos con la innovación y la 
responsabilidad social.
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INTRODUCTION

Higher education has undergone significant transforma-
tions in recent decades, driven by the growing demand 
for scientific, technological, engineering, and mathema-
tical skills that enable graduates to meet the challenges 
of complex and interconnected societies. The implemen-
tation of STEM (Science, Technology, Engineering, and 
Mathematics) methodologies in university settings has 
become a key strategy for promoting critical thinking, 
creativity, and problem-solving in multidisciplinary en-
vironments, fostering the development of professionals 
capable of effectively integrating into productive and re-
search sectors (Suherman et al., 2025). This approach not 
only emphasizes the acquisition of technical knowledge 
but also underscores the importance of transversal skills 
such as collaboration, communication, and adaptabili-
ty, which are essential in dynamic and globalized work 
environments.

In this regard, several recent studies highlight the rela-
tionship between university professors’ teaching prac-
tices and overall student satisfaction in STEM courses. 
Abrahamsen et al. (2024) demonstrate that implementing 
interactive, active learning-centered pedagogical strate-
gies leads to greater student engagement and a more 
positive perception of the educational process. These fin-
dings underscore that the quality of teaching depends not 
only on curricular content but also on professors’ ability to 
integrate innovative approaches that foster participation 
and a deep understanding of concepts.

Innovation in higher education is also reflected in the 
adoption of collaborative assessment models, which ena-
ble more inclusive and reflective learning. Dinglasan & 
Weible (2025) point out that STEM faculty recognize the 
benefits of group and collaborative assessment, not only 
as a grading tool but also as a means to develop tea-
mwork and critical thinking skills. This type of approach 
promotes the shared construction of knowledge and pre-
pares students for professional contexts where coopera-
tion and collaborative problem-solving are essential.

Furthermore, teacher training and institutional evaluation 
are key factors in the effectiveness of STEM programs. 
Wilson & Varma-Nelson (2025), in their internal evaluation 
of STEM Education Innovation and Research The SEIRI 
Institute emphasizes that programs integrating ongoing 
teacher training, applied research, and innovative pe-
dagogical practices achieve superior results in terms of 
student learning and knowledge transfer. These initiati-
ves highlight the need to align institutional policies with 
pedagogical strategies that foster educational innovation 
and the continuous professional development of STEM 
educators.

Another relevant aspect is the link between STEM learning 
and social responsibility through community service pro-
grams. Mahmud & Ismail (2024), in their systematic review 

on STEM service Learning experts highlight that student 
participation in community projects linked to science and 
technology enhances technical, socio-emotional, and 
ethical skills, as well as fostering meaningful interdiscipli-
nary learning. Project-based education and its connection 
to real-world contexts allow students not only to internalize 
academic concepts but also to develop skills to address 
complex problems ethically and collaboratively.

Finally, pedagogical change in higher education requires 
an active commitment from faculty to their own profes-
sional development and self-evaluation. Samaras et al. 
(2019) show that self-study is an effective tool for enga-
ging STEM faculty in educational transformation proces-
ses, promoting critical reflection on teaching practice and 
the adoption of innovative methodologies. This approach 
fosters the professional development of faculty and the 
implementation of educational strategies that respond to 
the demands of contemporary society, integrating techni-
cal knowledge, interdisciplinary thinking, and transversal 
skills.

In this way, STEM methodology in higher education repre-
sents a comprehensive approach that combines pedago-
gical innovation, interdisciplinary learning, and ongoing 
teacher training. Current trends show that successful 
programs depend on the interaction between quality tea-
ching practices, collaborative assessment, community 
engagement, and critical reflection by faculty. This dyna-
mic not only improves student satisfaction and performan-
ce but also prepares professionals capable of facing the 
scientific, technological, and social challenges of the 21st 
century.

The objective of this article was to analyze current trends 
in the implementation of STEM methodology in higher edu-
cation, highlighting innovative practices, interdisciplinary 
learning, and strategies that strengthen the academic and 
professional training of students.

METHODOLOGY

This study was conducted using a qualitative-analytical 
approach to examine current trends in the implementation 
of STEM methodologies in higher education, as well as to 
identify innovative practices and interdisciplinary learning 
strategies. The research was structured in three comple-
mentary phases: a systematic literature review, a compa-
rative analysis of teaching experiences, and an evaluation 
of institutional practices reported in recent studies.

In the first phase, a systematic literature review was con-
ducted, focusing on scientific articles published between 
2014 and 2025. Relevant research on STEM education in 
university contexts, pedagogical innovation, collaborative 
assessment, and community service programs was selec-
ted. Open-access, peer-reviewed academic databases 
such as ERIC, Scopus, and Web of Science were used. 
Science and JSTOR were consulted, prioritizing empirical 
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studies, systematic reviews, and institutional evaluations. 
Source selection considered criteria of currency, thematic 
relevance, and methodological rigor, ensuring that the re-
sults reflected contemporary practices in STEM education.

In the second phase, a comparative analysis of teaching 
experiences was conducted, focusing on identifying in-
novative pedagogical strategies, collaborative assess-
ment models, and interdisciplinary learning approaches 
applied in different higher education institutions. Findings 
from studies exploring STEM faculty perspectives on tea-
ching, group assessment, and professional self-evalua-
tion were incorporated. This analysis allowed for mapping 
emerging trends and contrasting implementation approa-
ches, highlighting effective practices and common cha-
llenges in teaching STEM disciplines.

service -based learning programs. learning) and interdis-
ciplinary projects in university education. The benefits in 
developing students’ technical and transversal skills were 
identified, as well as the elements that facilitate or limit the 
adoption of innovative STEM methodologies in curricula. 
This phase also included the consideration of continuing 
education and teacher self-study as key factors for the 
sustainability and impact of STEM programs.

The analysis was conducted using a descriptive-inter-
pretive approach, combining the synthesis of empiri-
cal findings with critical reflection on trends, successful 
practices, and areas for improvement in university STEM 
education. This methodology allowed for the generation 
of a comprehensive overview of the implementation of 
innovative pedagogical strategies, collaborative assess-
ments, and interdisciplinary learning, contributing to an 
understanding of how universities can optimize STEM 
training and prepare students for contemporary scientific 
and technological challenges.

DEVELOPMENT

Higher education has adopted STEM methodology as 
a strategic axis to foster innovation and interdisciplinary 
learning, recognizing that contemporary challenges re-
quire professionals capable of integrating knowledge from 
science, technology, engineering, and mathematics with 
transversal skills. According to Suherman et al. (2025), 
STEM education not only develops technical competen-
cies but also enhances creativity, computational thinking, 
and the ability to solve complex problems—essential skills 
in an increasingly competitive and globalized work and 
academic world. Evidence indicates that the effective 
implementation of STEM methodologies depends on the 
interaction of multiple factors, including teacher training, 
curriculum planning, student collaboration, and the inte-
gration of real-world learning contexts.

A central aspect of STEM implementation is the relations-
hip between teaching practices and student satisfaction. 
Abrahamsen et al. (2024) found that the quality of tea-
ching, the clarity of learning objectives, and the use of 

active learning strategies significantly increase students’ 
positive perceptions of STEM courses. These results su-
ggest that pedagogical innovation should focus on the 
student experience, incorporating hands-on activities, co-
llaborative projects, and resources that facilitate interdisci-
plinary understanding, going beyond theoretical content.

Collaborative assessment is another key component that 
contributes to effective STEM learning. Dinglasan & Weible 
(2025) highlight that teachers value the use of group tests 
and shared assessments not only as a means of grading, 
but also as a tool for developing teamwork and critical 
thinking skills. Implementing these strategies allows stu-
dents to construct knowledge together, fostering indivi-
dual and collective accountability, while promoting essen-
tial competencies for professional environments where 
collaboration is indispensable.

Teacher training and development are fundamental pillars 
for the sustainability of STEM programs. Wilson & Varma-
Nelson (2025) report that institutional programs that com-
bine ongoing teacher training, applied research, and in-
novative pedagogical practices achieve positive impacts 
on teaching and learning. Similarly, Samaras et al. (2019) 
emphasize that self-study and critical reflection allow tea-
chers to identify areas for improvement, adapt pedagogi-
cal strategies, and transform their teaching practices. This 
professional development of teachers is essential to main-
taining the quality of STEM education and ensuring that 
students develop comprehensive and transferable skills.

Service-learning and interdisciplinary projects have also 
become established as an effective strategy for linking 
STEM content with real-world contexts and social pro-
blems. Mahmud & Ismail (2024) demonstrate that STEM 
service programs Learning experiences foster not only 
technical and analytical skills, but also socio-emotional, 
ethical, and collaborative competencies. By participating 
in community projects, students apply knowledge practi-
cally, strengthen their sense of social responsibility, and 
develop skills to address complex problems from an in-
terdisciplinary perspective. This approach reinforces the 
idea that STEM education is not limited to the acquisition 
of knowledge, but also involves the holistic development 
of the student as an agent of change.

Furthermore, recent literature shows that pedagogical 
innovation in STEM higher education requires a flexible 
and adaptable approach that combines active metho-
dologies, collaborative projects, and diversified assess-
ment strategies. Integrating practical experiences, group 
assessments, and critical reflection fosters more inclusi-
ve, participatory, and motivating learning environments, 
contributing to student retention and the strengthening of 
their competencies (Abrahamsen et al., 2024; Dinglasan 
& Weible, 2025). This interdisciplinary vision promotes 
connections between different areas of knowledge, fos-
tering deep and meaningful learning that transcends the 
boundaries of traditional disciplines.
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Various international studies have shown that implemen-
ting STEM methodologies in higher education requires a 
comprehensive approach that integrates pedagogical in-
novation, interdisciplinary learning, and student-centered 
assessment. These studies demonstrate that the success 
of STEM programs depends not only on technical content 
but also on faculty preparation and motivation, the design 
of meaningful learning experiences, and the development 
of transversal skills such as critical thinking, creativity, and 
collaboration.

Through strategies such as interdisciplinary projects, 
case studies, and service-learning, students can integra-
te theory and practice, tackle real-world problems, and 
develop essential professional skills. This international 
evidence highlights that effective STEM education combi-
nes innovation, active participation, and engagement with 
the academic and professional community, establishing 
itself as a transformative educational model adaptable to 
diverse contexts.

Winberg et al. (2018) conducted a critical review of the 
literature on teaching STEM disciplines in higher educa-
tion, highlighting that teacher training in this area still fa-
ces significant challenges related to integrating innovative 
pedagogical approaches and promoting active learning. 
The study underscores that, while numerous studies exist 
on effective methodologies, the adoption of student-cen-
tered practices is uneven and largely dependent on facul-
ty preparation, motivation, and experience. The authors 
emphasize that ongoing training, professional develop-
ment, and the exchange of best practices are essential to 
strengthening STEM teaching and ensuring that students 
acquire technical and transversal skills that enable them 
to solve complex problems in an interdisciplinary manner.

Zavrel (2015) provides evidence on the effectiveness of 
the case study method in STEM graduate education, hi-
ghlighting that its use increases active student participa-
tion, improves conceptual understanding, and fosters the 
practical application of theoretical knowledge. The article 
argues that case studies allow students to confront real 
or simulated scenarios that require critical analysis, deci-
sion-making, and collaboration, promoting the integration 
of knowledge from different disciplines. This pedagogical 
strategy strengthens students’ ability to link theory and 
practice, while simultaneously developing fundamental 
professional competencies for their future performance in 
scientific and technological contexts.

Borrego & Henderson (2014) explore eight strategies for 
increasing the use of evidence-based teaching in STEM 
education, highlighting that implementing pedagogical 
changes requires both institutional support and teacher 
commitment. Their analysis shows that interventions such 
as training in active teaching techniques, mentoring, and 
systematic feedback are effective in promoting educatio-
nal practices focused on deep learning. This study un-
derscores that adopting evidence-based methodologies 

contributes to improving the quality of learning, increasing 
student satisfaction, and fostering a reflective approach to 
teaching, which is crucial for the success of STEM educa-
tion at the higher education level.

Mezinska et al. (2024) present a design-driven innova-
tion approach in STEM disciplines, emphasizing the role 
of transversal skills in university learning. The authors 
show that integrating skills such as communication, colla-
boration, and critical thinking within STEM programs not 
only enhances teaching effectiveness but also improves 
graduate employability. Furthermore, they highlight that 
design-based innovation allows instructors to structure 
learning activities in a way that enables students to de-
velop technical skills while applying creative solutions to 
complex problems, promoting interdisciplinary and mea-
ningful learning.

Zhumabay et al. (2024) investigated the impact of a STEM 
teacher training course on teachers’ self-efficacy and 
classroom experience. The study revealed that training 
in STEM methodologies increases teachers’ confidence 
in implementing innovative pedagogical strategies and 
facilitates the integration of practical and collaborative 
activities. Furthermore, the findings suggest that teachers 
participating in these courses tend to design more inte-
ractive courses, encourage student participation, and 
apply diverse assessment techniques, thus consolidating 
educational practices that promote interdisciplinary lear-
ning and a deeper understanding of the content.

Walton et al. (2024) evaluate the impact of STEM acade-
mic interventions on the college readiness of students 
from rural areas, demonstrating that structured and con-
textualized programs increase students’ academic com-
petence and motivation. The authors highlight that the 
implementation of hands-on workshops, personalized 
tutoring, and laboratory activities significantly contributes 
to closing readiness gaps and fostering interest in STEM 
careers. This study underscores the importance of desig-
ning inclusive pedagogical interventions that consider the 
specific needs and contexts of students, promoting equity 
and access to quality STEM education.

Lalujan & Pranjol (2024) explore project-based learning 
as a decolonized assessment method in STEM education, 
proposing that this strategy fosters student autonomy and 
the integration of interdisciplinary knowledge. The authors 
argue that projects allow students to address authentic 
problems from multiple perspectives, promoting critical 
thinking, creativity, and collaboration. Furthermore, they 
highlight that this methodology can replace rigid, traditio-
nal assessments, aligning learning with professional and 
social competencies, and strengthening inclusion and di-
versity in STEM academic environments.

Hedge (2024) addresses the persistence of STEM stu-
dents in higher education, identifying individual, institutio-
nal, and pedagogical factors that influence retention. His 
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analysis shows that academic support, early guidance, 
and the implementation of active teaching methodologies 
are crucial for maintaining student motivation and enga-
gement. The findings indicate that building collaborative 
learning communities and providing faculty support are 
essential for students to identify with the discipline, stren-
gthen their sense of belonging, and solidify their STEM 
career path.

Miao (2023) compares STEM education practices in uni-
versities in China and the United States, revealing diffe-
rences in curriculum integration, pedagogical innovation, 
and the focus on transversal skills. The study shows that 
while some programs prioritize technical excellence and 
research, others emphasize practical application and in-
terdisciplinary collaboration. These findings underscore 
the need for a balanced approach that combines tech-
nical knowledge, interpersonal skills, and practical ex-
periences, promoting students’ holistic development and 
adaptability to diverse contexts.

Abdi et al. (2024) conducted a bibliometric analysis of 
the evolution of STEM education, identifying research 
trends, international collaboration, and emerging areas of 
study. The analysis reveals a sustained increase in publi-
cations related to active methodologies, collaborative as-
sessment, and interdisciplinary learning, highlighting the 
growing attention to pedagogical innovation and teacher 
training. This work demonstrates the global expansion of 
STEM education and provides a framework for future re-
search and the development of educational policies aimed 
at strengthening university teaching in these disciplines.

Villa et al. (2026) examine how STEM-focused expe-
riences during secondary education influence students’ 
identity as “STEM people,” finding that early exposure to 
hands-on projects, mentoring, and laboratories increases 
identification with the discipline and motivation to pursue 
STEM careers. This study highlights the importance of 
pre-university experiences in building competencies and 
career orientation, emphasizing the connection between 
early education, academic persistence, and success in 
higher education.

Rivera et al. (2025) modeled STEM career orientation 
among bilingual students, showing that individual, family, 
and institutional factors interact to influence career choi-
ce. Their study demonstrates that perceived academic 
support, self-efficacy, and participation in hands-on STEM 
activities significantly increase orientation toward these 
careers. These findings reinforce the need for inclusive 
educational strategies that consider linguistic and cultu-
ral diversity, promoting equity and participation in STEM 
fields.

Isenhour (2025) analyzes the impact of independent re-
search projects in online STEM education, demonstrating 
that students who participate in autonomous research de-
velop advanced skills in scientific reasoning, autonomy, 

and critical thinking. The study shows that integrating 
practical projects into virtual environments strengthens 
the understanding of complex concepts, fosters virtual co-
llaboration, and improves preparedness for professional 
and academic challenges in remote or hybrid contexts.

Ku et al. (2025) propose a six-stage instructional design 
model for the collaborative implementation of integrated 
STEM education, called PADPIE (Preparation, Analysis, 
Design, Planning, Implementation, and Evaluation). This 
model offers a structured and practical guide for teachers, 
enabling them to systematically organize interdisciplinary 
activities, ensure the coherence of learning objectives, 
and comprehensively evaluate outcomes. The research 
highlights that a collaborative and sequenced approach 
facilitates the adoption of innovative practices, promotes 
teacher-student cooperation, and improves the effective-
ness of STEM education in university settings.

After analyzing the contributions of these studies, it is 
considered that higher education in STEM disciplines has 
undergone a transformation driven by the need to deve-
lop technical, transversal, and interdisciplinary compe-
tencies. Innovative approaches have demonstrated that 
active learning, collaborative projects, and connections 
to real-world contexts allow students to apply theoretical 
knowledge practically, fostering creativity, critical thinking, 
and the resolution of complex problems. Teacher training 
remains a determining factor for the effective implementa-
tion of these methodologies, highlighting the importance 
of ongoing professional development, reflection on prac-
tice, and the adoption of pedagogical strategies that inte-
grate both content and soft skills.

Learning experiences involving case studies, indepen-
dent projects, and service-learning have proven parti-
cularly effective in strengthening students’ self-efficacy, 
motivation, and engagement. These practices foster au-
tonomy, collaboration, and the ability to analyze problems 
from multiple perspectives, contributing to the develop-
ment of a strong academic identity in STEM and career 
persistence. Furthermore, early exposure to STEM ex-
periences and contextualized guidance enable students 
to develop a sense of belonging and more clearly orient 
themselves toward career paths in these fields.

Assessment and instructional design have also evolved 
toward more flexible and inclusive models. Strategies 
such as collaborative assessment, project-based lear-
ning, and sequenced course planning facilitate students’ 
integration of knowledge from different disciplines and the 
development of skills applicable in professional settings. 
The integration of evidence-based teaching methods and 
the adoption of structured models allow instructors to or-
ganize coherent activities, optimize learning processes, 
and promote active student participation.

Finally, current trends in STEM education show that in-
novation is not limited to content, but also encompasses 
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methodology, assessment, and engagement with the com-
munity and the professional world. Programs that combi-
ne hands-on experiences, the development of transversal 
skills, and institutional support foster deep learning, stren-
gthen students’ academic preparation, and promote equi-
ty and inclusion in diverse contexts. In this sense, STEM 
education is conceived as a comprehensive model that 
integrates theory, practice, collaboration, and creativity, 
with the goal of training professionals capable of addres-
sing the scientific, technological, and social challenges of 
the 21st century.

Implementing STEAM methodology in higher education 
requires a strategic and structured approach that cohe-
rently integrates science, technology, engineering, mathe-
matics, and the arts into the academic curriculum. This 
approach not only aims to develop technical skills but 
also to foster transversal abilities such as creativity, critical 
thinking, collaboration, and complex problem-solving. To 
achieve this, it is essential that universities carefully plan 
each component of the educational process, from course 
and project design to faculty training, teaching and as-
sessment strategies, and engagement with the communi-
ty and the professional environment.

The implementation of STEAM is conceived as a compre-
hensive process that integrates pedagogical innovation, 
interdisciplinary learning, and practical experiences, offe-
ring a solid framework to guide students toward meaning-
ful learning and the real-world application of their knowle-
dge. The essential aspects for effectively implementing 
this methodology are detailed below:

1. Interdisciplinary curriculum design

The effective implementation of STEAM requires a curricu-
lum design that coherently integrates content across dis-
ciplines. This involves creating cross-curricular projects 
and subjects where students can apply knowledge from 
various areas simultaneously. Projects should be open-en-
ded, contextualized, and geared toward real-world pro-
blems, encouraging collaboration among students from 
different disciplines. It is recommended to include an ar-
tistic and creative dimension to stimulate innovation and 
the ability to generate original solutions. Furthermore, 
planning should consider the progression of competen-
cies, ensuring that students develop cognitive, technical, 
and socio-emotional skills gradually and in a structured 
manner.

2. Teacher training and professional development

Teachers are central to STEAM implementation, making 
it essential that they receive specific training in active 
methodologies, project-based learning, technology inte-
gration, and formative assessment. Professional develo-
pment should focus on strengthening skills to guide in-
terdisciplinary learning processes, foster creativity and 
innovation, and manage collaboration among students. 

Teacher communities of practice, educational innovation 
workshops, and mentoring programs are effective strate-
gies for consolidating best practices and ensuring consis-
tent, high-quality implementation.

3. Pedagogical strategies and active methodologies

The STEAM methodology promotes the use of partici-
patory strategies, such as project-based learning (PBL), 
case studies, interdisciplinary laboratories, and servi-
ce-learning. These strategies allow students to apply 
theory to concrete problems, develop research and critical 
analysis skills, and improve their ability to work in teams. 
Furthermore, the use of simulations, virtual environments, 
modeling software, and digital tools enhances the lear-
ning experience, facilitating the understanding of com-
plex concepts and promoting technological innovation.

4. Comprehensive evaluation and feedback

Assessment in STEAM should go beyond simply grading 
theoretical content and consider transversal skills such as 
creativity, collaboration, communication, and critical thin-
king. It is recommended to use rubrics, self-assessments, 
peer assessments, and continuous feedback to foster 
reflection and deep learning. Project-based assessment 
and presenting results to external audiences help contex-
tualize learning and strengthen the connection between 
theory and practice.

5. Links with the community and the professional world

An essential component of STEAM is its connection to so-
ciety and the professional environment. This includes in-
ternships, community service projects, collaboration with 
businesses and research institutions, and participation 
in interdisciplinary laboratories. These experiences allow 
students to apply their knowledge in real-world settings, 
develop social-emotional skills, and understand the social 
and ethical impact of their career choices. Community 
engagement also strengthens the relevance of the curri-
culum and prepares graduates to perform effectively in 
complex and dynamic contexts.

To ensure successful implementation, institutions must 
foster an institutional culture of innovation, provide tech-
nological resources and collaborative learning spaces, 
promote teacher training, and establish mechanisms for 
monitoring and continuous improvement. Integrating the 
arts into STEM not only enhances creativity but also enri-
ches the academic experience, enabling students to de-
velop a comprehensive and flexible understanding of the 
challenges they will face in their professional careers.

CONCLUSIONS

Higher education is currently emerging as a space for 
innovation and pedagogical transformation, where the 
combination of interdisciplinary approaches, active me-
thodologies, and collaborative assessment is redefining 
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the learning experience. Successful programs not only 
transmit technical knowledge but also promote essential 
transversal skills such as creativity, critical thinking, pro-
blem-solving, and collaboration. This integration allows 
students to address complex challenges holistically, stren-
gthening their ability to apply knowledge in real-world and 
multidisciplinary contexts, a key requirement for training 
21st-century professionals.

Teacher training and development are becoming a cor-
nerstone of STEM methodology implementation. Well-
prepared and committed teachers, dedicated to educa-
tional innovation, facilitate the adoption of strategies that 
enhance student participation, self-efficacy, and motiva-
tion. Reflection on practice, the use of structured models, 
and ongoing professional development enable the design 
of meaningful and coherent learning experiences, increa-
sing educational quality and contributing to student reten-
tion and persistence in STEM fields. Thus, professional 
development for teachers becomes an essential catalyst 
for achieving academic excellence.

Furthermore, STEM education must consider the diversi-
ty of students and educational contexts, including early 
learning experiences, support for bilingual students, and 
rural environments. Integrating hands-on projects, case 
studies, and service-learning allows students to develop 
socio-emotional and ethical competencies, in addition to 
technical skills. This inclusive perspective ensures that 
STEM education is not only accessible but also equitable 
and capable of producing professionals who are aware of 
their social and scientific impact.

Innovation in STEM education transcends the classroom 
and extends into the academic community, research, and 
the professional world. The adoption of interdisciplinary 
strategies, decolonized assessments, and evidence-ba-
sed approaches strengthens students’ holistic prepa-
ration and fosters their ability to adapt to changing con-
texts. Higher education in STEM is thus presented as a 
transformative model that integrates theory, practice, co-
llaboration, and creativity, with the goal of training highly 
competent, resilient professionals prepared to face the 
scientific, technological, and social challenges of today 
and tomorrow.

REFERENCES

Abdi, A. I., Omar, A. M., Mahdi, A. O., Asiimwe, C., & 
Osman, M. A. (2024). Tracing the evolution of STEM 
education: A bibliometric analysis. Frontiers in Edu-
cation, 9, Article 1457938. https://doi.org/10.3389/fed-
uc.2024.1457938

Abrahamsen, E., Husebø, D., Kvaløy, J., & Alhourani, A. 
(2024). On the relationship between students’ overall 
satisfaction with higher education STEM courses, and 
university teachers’ didactical practice. An empirical 
analysis .  Nordic Journal of STEM Education,  8(2), 
154-175. https://doi.org/10.5324/njsteme.v8i2.5874 

Borrego, M., & Henderson, C. (2014). Increasing the use 
of evidence-based teaching in STEM higher educa-
tion: A comparison of eight change strategies. Journal 
of Engineering Education, 103(2), 220–252. https://doi.
org/10.1002/jee.20040 

Dinglasan, A. J., & Weible, J. L. (2025). Higher education 
STEM faculty views on collaborative assessment and 
group testing. Journal of Research in Science, Math-
ematics and Technology Education, 8(SI), 315–335. 
https://jrsmte.com/article/higher-education-stem-facul-
ty-views-on-collaborative-assessment-and-group-test-
ing-16436 

Hedge, B. (2024). Persistence of STEM majors in higher 
education. Journal of Research in Science, Mathemat-
ics and Technology Education, 7(SI), 27–41. https://doi.
org/10.31756/jrsmte.312SI 

Isenhour, F. M. (2025). Enhancing Scientific Reasoning 
in STEM Online Education: A Mixed-Methods Study 
on The Impact of Independent Research Projects at 
a Community College. College Teaching, 1–10. https://
doi.org/10.1080/87567555.2025.2478240

Ku, C.-J., Lin, K.-Y., Kwon, H., & Kelley, T. R. (2025). A 
six-stage instructional design model for collaborative 
implementation of integrated STEM education. Jour-
nal of Technology Education, 36(2), 25–60. https://doi.
org/10.21061/jte.v36i2.a.3

Lalujan, J. D., & Pranjol, M. Z. I. (2024). Project-based 
learning as a potential decolonised assessment meth-
od in STEM higher education. Trends in Higher Edu-
cation, 3(1), 16–33. https://doi.org/10.3390/highere-
du3010002

Mahmud, S. N. D., & Ismail, N. K. (2024). STEM service 
learning in higher education: A systematic literature re-
view. EURASIA Journal of Mathematics, Science and 
Technology Education, 20(12), em2549. https://doi.
org/10.29333/ejmste/15705 

Mezinska, S., Abolina, A., & Lubkina, V. (2024). De-
sign-driven innovation in STEM disciplines in higher 
education: The role and impact of transversal compe-
tences. Journal of Open Innovation: Technology, Market, 
and Complexity, 10(4), 100429. https://doi.org/10.1016/j.
joitmc.2024.100429

Miao, Y. (2023). The practice of STEM education in higher 
education context: China and USA. International Jour-
nal of New Developments in Education, 5(22). https://
doi.org/10.25236/IJNDE.2023.052204

Rivera, H., Chang, H., Kwok, O.-M., Yang, X., Raeisi-Va-
nani, A., Zhu, Y., & Ko, E. H. (2025). Modeling STEM 
career orientation amongst bilingual students: A mul-
tilevel structural equation approach. Journal for STEM 
Education Research. https://doi.org/10.1007/s41979-
025-00174-z



Volume  5 | Issue 2 | April–June - 2026

Samaras, A. P., Hjalmarson, M., Bland, L. C., Nelson, J. K., 
& Christopher, E. K. (2019). Self-study as a method for 
engaging STEM faculty in transformative change to im-
prove teaching. International Journal of Teaching and 
Learning in Higher Education, 31(2), 195–213. http://
files.eric.ed.gov/fulltext/EJ1224430.pdf 

Suherman, S., Vidákovich, T., Mujib, M., Hidayatulloh, H., 
Andari, T., & Susanti, V. D. (2025). The Role of STEM 
Teaching in Education: An Empirical Study to Enhance 
Creativity and Computational Thinking.  Journal of In-
telligence, 13(7), 88. https://doi.org/10.3390/jintelligen-
ce13070088

Villa, A. M., Monroe, X. J., Dyer, E. B., Salcido White, M., 
Britton, T., & Schneider, S. (2026). Identifying as a 
“STEM person”: Examining students’ STEM-focused 
high school experiences. Journal for STEM Education 
Research. https://doi.org/10.1007/s41979-025-00176-x

Walton, J. B., May, T. A., & Johnson, C. C. (2024). Eva-
luating the impact of STEM academic interventions on 
college readiness for rural students. Trends in Higher 
Education, 3(4), 1017–1030. https://doi.org/10.3390/hi-
gheredu3040059

Wilson, P., & Varma-Nelson, P. (2025). An internal evalua-
tion of the STEM Education Innovation and Research In-
stitute (SEIRI). Journal of STEM Education: Innovations 
and Research, 26(4), 14–26. https://doi.org/10.63504/
jstem.v26i4.2761 

Winberg, C., Adendorff, H., Bozalek, V., Conana, H., Palli-
tt, N., & Wolff, K. (2018). Learning to teach STEM disci-
plines in higher education: A critical review of the lite-
rature. Teaching in Higher Education, 24(8), 930–947. 
https://doi.org/10.1080/13562517.2018.1517735

Zavrel, E. (2015). Improving graduate STEM education 
through increased use of the case study method. Crea-
tive Education, 6, 1266–1269. https://doi.org/10.4236/
ce.2015.612125 

Zhumabay, N., Yelemessova, Z., Balta, N., Abylkassymo-
va, A., Bakytkazy, T., & Marynowski, R. (2024). Desig-
ning effective STEM courses: A mixed-methods study 
of the impact of a STEM education course on teachers’ 
self-efficacy and course experiences. Frontiers in Edu-
cation, 9, Article 1276828. https://doi.org/10.3389/fe-
duc.2024.1276828

Conflict of Interest:

The authors declare no conflict of interest.

Author Contributions:

Esmaeil Sadri Damirchi: Conception and design of the 
study, data acquisition, analysis and interpretation, ma-
nuscript drafting, critical content review, statistical analy-
sis, and overall supervision of the study.

Ethical statement:

The study was based on the analysis of documentary 
sources and publicly available data, and therefore did not 
involve the direct participation of human subjects. No per-
sonally identifiable information was handled.


