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SUMMARY

An article is addressed that deals with multidisciplinary approaches in the teaching of mathematics, with a particular
focus on the importance of teachers in training at the Popular University of Cesar. The general objective of the article is
to promote integrative, contextualized and evidence-based pedagogical practices that allow linking mathematical
concepts with learning processes in various disciplines, including language. The methodology used includes a qualitative
analysis of the pedagogical strategies used by future teachers. The most important finding found is that the integration of
different disciplines in the teaching of mathematics enhances meaningful learning and improves students' understanding
of mathematical concepts.
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1. INTRODUCTION

Mathematics teaching is a field that benefits from a
multidisciplinary approach and involves different areas
such as natural sciences, engineering, technology, art, and
citizen education. It is in this context that the role of
teachers in training and their initial training, subsequent
professional development and evaluation is situated
(Franco Alzate). These dimensions include the
development of disciplinary, didactic, and technological
competencies, and constant connectivity with other
disciplines, incorporating elements of evidence-based
pedagogy and leadership.

Teaching approaches and methods are evaluated based on
evidence that indicates which practices are most effective.
Interdisciplinary alignments are considered in initial
training, and a model of collaboration with other
disciplines based on the co-creation of projects and
curricular design is presented, which includes shared
evaluation (Gomez et al., 2023). The challenges for
mathematics teaching and teacher training are diverse and
complex; Contextual conditions, the availability of
material and human resources, and the focus of evaluation
programs are identified, among others. This includes the
case study of initial training programs, the analysis of
research results, and the work undertaken in the creation
of a teacher training program during the pandemic.

2. CONCEPTUAL FRAMEWORK OF
MULTIDISCIPLINARY APPROACHES
A multidisciplinary  approach integrates research,

developments, and proposals from different disciplines,
approaches them from different perspectives, but does not
necessarily delve into their intersections.
Interdisciplinarity promotes integration between different
disciplines, builds bridges between languages, models, and
approaches, and assesses how they work in practice —
when a model's forecasts were met, when it was necessary
to abandon it, and why. Finally, transdisciplinarity allows
us to rethink the problem addressed, to redefine it in other
terms, to look for approaches and models that do not
belong to any particular discipline, perhaps because they
are too simple or because complexity does not allow them
to be addressed (Infante-Malachias & Araya-Cris6stomo,
2023). Although these concepts are different, their limits
are not rigorously precise, and it is possible to speak of
degrees and levels, rather than exclusive definitions: the
same approach can be considered multidisciplinary by
some disciplines, and also interdisciplinary or
transdisciplinary when viewed from others.

Mathematics has a complex relationship with other
disciplines. On the one hand, they are constituted as an
autonomous discipline, with their own models, concepts
and forms of reasoning, at the service of science,
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engineering and many other disciplines. These disciplines
depend on mathematics as a support, but at the same time
they generate their own problems and challenges, which
are the source of new mathematical developments. It is
also possible to find topics of interest for mathematical
research that are not motivated by knowledge and
progressive problem-solving in other areas (Castillo,
2024). In teaching, however, the support aspect often
remains hidden, and the interactions of mathematics with
other disciplines become the source of examples,
applications, and problems that make sense of concepts
and procedures.

3. TEACHING COMPETENCIES FOR THE
TEACHING OF MATHEMATICS

Mathematics teaching is improved when teachers exhibit
competencies in three areas: mathematics itself,
mathematics learning, and mathematics teaching. Around
the world, at all levels of education and in all initial
training programmes, the development of these
competencies is a central aspect, as it affects the quality of
teaching and, therefore, student learning. (Urena-
Villamizar et al.2024)

A broader approach to teacher professional development
highlights other competencies that are also critical to
effective  mathematics teaching. Three additional
dimensions contribute to the improvement of practices in
mathematics classrooms: the construction of connections
with other areas of knowledge—especially science,
engineering, citizenship, and art—, the use of evidence-
based strategies from educational research, and the
training of teachers in leadership roles that guide work
teams and learning communities (Tabares & Yepes, 2024).

3.1. Interdisciplinarity and connectivity

Interdisciplinary approaches and their connectivity with
other areas of knowledge contribute significantly to
improving the learning of mathematics and go beyond
mere transitions between mathematics and other
disciplines: they manage to articulate developments in
specific topics that give meaning to the subject (Pineda,
2023). On the one hand, various studies have shown that,
although the teaching of mathematics is based on
evidence, it is not always put into practice. On the other
hand, the construction of connected learning in
mathematics requires that the meaning and usefulness of
the content for the student be addressed; in the case of
science, the reasons for using mathematical concepts,
procedures or models and in what situations they are used;
and in engineering, project design.

The didactic strategies and sequences presented offer
examples of connectivity and are supported by evidence
about learning. By way of illustration, three sequences are
presented: one connects probability with social sciences
and engineering, the other two integrate art and history
with works of estimation of magnitudes and measurements
(Jiménez et al. 2025). In the case of art and history, the
development of a construction of the city, in the province
of Santa Cruz, Argentina, on a scale, which integrates

history, art, geography, technologies and mathematics, is
shared. For its evaluation, connectivity indicators are used.
In the case of probability, data on student performance are
presented in a didactic sequence that allows two groups to
be formed in the same year to investigate and validate a
probability model.

3.2. Evidence-based pedagogy

Evidence-based pedagogy is an approach to teaching that
integrates learning contexts, resources, and strategies that
have been shown to be effective for student learning. The
relationship of greater learning in mathematics students
with an effective use of technology and with pedagogical
practices based on the creation of knowledge rather than
its mere transmission, illustrates the advances in research
in education. An application of the results of this research
application can be useful to in-service teachers, initial
training and professional development. In this sense, the
creation of a database containing research taken from
education journals to which teachers have access makes it
possible to offer evidence of mathematics education and
suggestions for applying it in the classroom. (Tipan &
Basantes, 2023)

To increase its effectiveness, this evidence should make it
possible to carry out systematically in each classroom,
provide feedback on teaching practice and act jointly in
communities of practice or learning. Suggestions could
also include the creation of a community of practice or
learning among the members of the mathematics teacher
education programs that, in terms of continuous
professional development, accompany those who have
recently graduated and at different levels. (Jiménez et
al.2025)

3.3. Leadership
Development
Leadership in mathematics education encompasses the
creation of a culture of learning in which knowledge,
experiences and resources are shared. Teachers' learning
does not occur in isolation, but through teamwork with
other teachers, and that experience about how teaching and
learning is transferred and used to evaluate student
learning. In this sense, communities of practice,
mentoring, and long-term professional development plans
can be effective instruments to promote this type of
leadership. (Ormazabal et al.2023)

and Continuing Professional

Communities of practice are groups of teachers who come
together freely to exchange teaching-related experiences.
These learning networks can be more or less formal and
can arise spontaneously or be facilitated by external
agents. They require a constant commitment to the
functioning of the group and, like all professional
development instruments, their effectiveness will depend
on their proper planning and the quality of the interaction.
Like communities of practice, mentoring programmes that
link trainee teachers to an educational institution can be
particularly effective in building capacity.
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4. TEACHER TRAINING STRATEGIES IN
MATHEMATICS

Specific approaches, methods, and resources for teacher
training in mathematics are described. The combination of
face-to-face, distance and mixed models is presented as a
means to promote inclusion through its application in
contexts of geographical diversity and opportunity.
Classroom practices are analyzed not only in the
observation dimension, but also through simulations,
micro-teaching, and video analysis, as well as
collaboration with other disciplines in the design and
implementation of joint projects and in interdisciplinary
work teams (Gonzales & Gonzales, 2024). Elements that
strengthen the sense of connectivity through the
construction of specific indicators are pointed out.

The connectivity of mathematical content in relation to
other topics and areas is not only an aspect that requires
attention; It is also necessary to consider the research
evidence that supports the formulation of teaching
proposals in mathematics. The inclusion of such evidence
in initial training proposals, especially in short-term
continuing education, is a challenge that requires attention,
as is the development of professional training strategies
that consider leadership, communities of practice and
mentoring of pre-service teachers.

4.1. Initial Training Models

Initial teacher training in mathematics is carried out
through face-to-face, online and hybrid programs.
Unfortunately, the educational offer is not sufficient, the
quality is not always adequate and the results of students
in international assessments are well below reference
levels. In the case of online learning, it is necessary to
ensure that the chosen modality meets the requirements of
virtual spaces that have proven to be effective (Tipan &
Basantes, 2023). In particular, the most appropriate would
be to have a virtual teaching-learning environment that
allows synchronous and asynchronous interactions, so that
both types of interaction are present throughout the
training. Likewise, in order for online courses to be of real
quality and not mere deposits of materials, it is necessary
to have a team of teachers who carry out a correct
planning of the course, who work collectively and who
advise students on an ongoing basis.

In the case of hybrid courses, it is necessary that the face-
to-face part takes place in an environment with an
adequate teaching-learning infrastructure and equipment,
that students have a level of preparation equivalent to that
required in face-to-face courses and that the online part of
the course is of quality. Face-to-face courses that take
place in appropriate educational environments offer
conditions that favor the achievement of learning in
students; For this learning to be truly meaningful, it is
necessary to guarantee the connectivity of mathematical
content with other disciplines, to use active teaching-
learning methods and to incorporate evidence-based
pedagogy. When these conditions are met, both teacher
training and mathematics learning by future teachers
develop satisfactorily. (Arias et al.2024)

4.2. Classroom Practices and Simulations

Simulations in virtual environments and the creation of
interaction worlds combine risk factors, due to the use of
complex technologies, and security factors, due to not
being connected to the real world. Micro-teachings and
observations of classes in initial training are extended
practices, although their effectiveness is scarce and
depends on specific conditions. The observation of other
teachers' classes and video analysis are practices in use
that allow a different approach, which could be more
effective due to the analysis of classes in the real
environment, but they require great care in the design
(Araya-Crisostomo & Urrutia, 2022). The collection of
information for the evaluation of practice follows common
guidelines to those of other levels of training and takes
into account the information provided by the communities
of practice.

Simulations in virtual environments for teacher training in
mathematics are presented as a way to bring students
closer to the realities of their future professional
performance, to provoke changes in their beliefs and
positions, and to prepare them to successfully assume
situations that involve the use of complex technologies.
However, the creation of worlds of interaction that
incorporate  simulations for teacher training in
mathematics focused on the use of computational
applications of modeling and simulation allows addressing
not only the specific curricular component of the
discipline, but also the development of connectivity
competencies.

4.3. Collaboration with Other Disciplines
Projects in which mathematics teachers collaborate with
others to create proposals in different contexts are

highlighted, especially in science and engineering
education, in which mathematics students are also
included. Structures are proposed for work in

interdisciplinary teams and for a curricular co-design that
contemplate the shared evaluation of the proposals.
Through the work on joint projects, it is sought that
students in initial education who did not take these other
subjects can have an approach to their contents, because it
has been seen that it is possible to increase learning
opportunities throughout secondary education based on a
good connection between mathematics and science
teaching. and between mathematics and engineering
education.

Training plans in engineering education must include solid
and specific training in the area of mathematics, since
teaching support services indicate that many engineering
students experience mathematics as a difficult subject,
which they do not perceive as directly useful or relevant,
which generates demotivation. However, a superficial
learning of Mathematics has been related to performance
in other areas of the career, so the use of didactic
sequences in the teaching of Mathematics has been
proposed to facilitate a connection of the contents with the
resolution of engineering problems in the specific area of
the students.

IJIDDT, Volume 16 Issue 5s, 2026

Page: 609



Multidisciplinary Approaches to Mathematics Teaching: The Role of Teachers in Training

5. CHALLENGES
CONDITIONS

The implementation of multidisciplinary approaches in
mathematics teaching faces several challenges that are
grouped into three areas: resources and infrastructure,
assessment approaches, and equity in access to learning
opportunities.

AND CONTEXTUAL

The available resources, and the learning environment in
general, are a key factor for any educational experience,
and condition the incorporation of new strategies in the
classroom and the achievement of learning. Considerations
about the quality of computer equipment, the existence of
internet connection and access in school and outside it, as
well as the cost of connectivity, strongly affect the use of
digital and electronic resources in the classroom.
Improving the accessibility conditions of any resource
available to students, be it books, equipment or digital
material, is a fundamental step that is difficult to avoid.
The pedagogical adaptations required to ensure the
inclusion of all learners, particularly those with
disabilities, are also an important dimension of analysis.

The use of evaluation as an instrument for institutional and
educational improvement, and the design and application
of quality evaluations, are central dimensions of any
educational system. The existence of evaluation systems
that satisfy quality conditions — validity, reliability,
completeness, among others — does not ensure the
improvement of educational quality but, in its absence, it
is difficult to advance. Results of external evaluations and
other surveys that collect the opinions of students, parents
and teachers offer useful data that can contribute to the
improvement process. A formative assessment approach
oriented to student and teacher learning, which
complements summative assessment, is also a powerful
way of working and should be encouraged.

5.1. Learning Resources and Environments

Analysis of the infrastructure, resources and learning
environments available in different contexts reveals that
many do not guarantee the formation of adequate
mathematical skills. The main constraints are the scarcity
of equipment, the limited development and use of virtual
online and new hybrid learning environments, the lack of
adaptations for teaching people with disabilities and the
insufficient integration of formal and non-formal
education. The lack or insufficiency of resources translates
into the impossibility of generating equivalent learning
opportunities for all students.

The development of mathematical competences also
requires the provision of external resources that go beyond
the classroom itself, such as participation in astronomy,
astronomy, robotics, mathematical modelling activities
and, in general, in extracurricular activities that contribute
through exploration, experimentation and discovery to the
appropriation of mathematical content and its transfer to
real-life situations. By creating links with other
organizations or enterprises, it is possible to offer
secondary school students, particularly in technical and

vocational education, the opportunity to carry out
professional internships in an environment that guarantees
the development of skills required by the social and
productive context.

5.2. Evaluation and Educational Quality

The evaluation of education systems has two
complementary and often contradictory purposes. On the
one hand, the evaluation is aimed at certifying, classifying
and categorizing students and educational centers. On the
other hand, evaluation must consider what is needed to
improve the quality of learning, teaching and the education
system itself. To achieve the second function while still
fulfilling the first, it is important to have formative
assessments that provide diagnostic information and
recommendations on how to improve. The combination of
formative and summative assessments should result in a
set of criteria that makes it possible to establish whether
minimum quality standards are met and what steps should
be taken to improve, if they are not met.

These criteria include: a formative assessment of
education systems that use standardized assessments for
improvement; the specification of items on which quality
judgement can be made; the comparison of the results of
the evaluations in different contexts to know their
meaning; the use of standardized assessment data as
evidence for education policy; and prudence in the
interpretation of the results for groups for reasons
unrelated to learning (gender, area of residence,
socioeconomic level) (Calderon et al., 2021).

5.3. Equity and Access to Opportunities

Within the set of indicators that characterize the conditions
in which teaching and learning are taught, it is possible to
refer to those that describe situations of inequality. Equity
is a key objective of public policies in education.
However, various studies show that there are significant
differences in the learning outcomes of students according
to their gender, the area where they reside and the
socioeconomic level of their families. There are also gaps
in access to certain educational opportunities, such as the
use of computers, tablets, Internet connection or
participation in extracurricular activities.

These differences have led to various proposals to address
diversity and promote inclusion. An important part of
these efforts is to ensure access to digital technologies for
all students in order to reduce inequalities in education.
Other initiatives have focused their efforts on ensuring
access to learning opportunities in more controlled
environments, such as the classroom, through the
development of accessible teaching and learning resources
or the improvement of the educational context in which
they are taught. In this way, it seeks to remove the barriers
that limit the learning of certain groups of students and, in
particular, their possibility of accessing the expected
learning in basic education, which are the necessary
condition to later be evaluated with instruments of greater
complexity.
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6. CASE STUDIES AND EMPIRICAL EVIDENCE
Representative cases of initial teacher training programs
that incorporate multidisciplinary approaches in the design
and practice of undergraduate mathematics subjects are
presented. Empirical evidence that constitutes the corpus
of research is summarized, the analysis methodologies
used are described, and lessons are drawn for the training
process of future teachers. The discussion of the findings
highlights the potential of multidisciplinary approaches in
nuances of mathematics teaching; It is specified, however,
that the mere application or implementation of these
approaches does not guarantee their success.

Multidisciplinary — approaches in the teaching of
mathematics have been the object of interest by the
academic community, and have given rise to a set of
research aimed at identifying strategies in the design and
practice of mathematics subjects of initial teacher training
programs that raise the mathematics competencies of
future teachers and that contribute to the articulation of
mathematical tools with the specific contents of
mathematics. other disciplines in basic and secondary
education.

7. IMPLICATIONS FOR EDUCATION POLICIES
The analysis of multidisciplinary approaches in the
teaching of mathematics and the competencies of the
teachers who teach it allows us to extract relevant
recommendations for the initial training and continuous
professional development of these teachers, as well as for
institutional evaluation. The proposed recommendations
are coherent and integrate with the lines of action defined
in different normative frameworks of educational policy in
several countries. Both the competencies of teachers and
the good use of the opportunities they have in their
professional practice are considered, whether in teaching
practice, in research or in the advice and management of
other areas of education.

Initial teacher training should include the integration of
mathematics teaching with other disciplines at all levels
and modalities, and mathematics should be taught by
teachers with specialized training in the subject. The
definition of professional development programs that
provide the appropriate conditions to address the teaching
of mathematics should be considered a priority by
educational  institutions. Such  programs  should
contemplate the articulation of the various areas of
knowledge in the development of training projects; the
joint design of classes and assessment activities; the
exchange of experiences and collaboration in research
tasks.

8. FUTURE RESEARCH DIRECTIONS

It is suggested to explore various lines of research that
have not yet been addressed. Some relevant gaps are the
training and professional development of teachers in
mathematics that integrate engineering education; the use
of evidence-based pedagogy by pre-service teachers, its
impact on student learning and the professional
development of those who teach these subjects; strategies

for the design and implementation of effective leadership
in mathematics teacher training institutions; and the depth,
quality and connectivity of the contents in the teaching of
mathematics.

Examining the relationship between connectivity and
content integration in other disciplines or areas of
knowledge requires further attention. The connectivity of
content can be a valuable principle to address them, as
long as it is not considered as a norm that gives rise to
superficiality in their teaching and learning. There is also
little evidence on the use of advanced technologies in the
teaching of mathematics and the connection with other
areas or disciplines, by teachers in training and in the
professional  development of those who teach.
Approximations and interpretation as a network of
contents instead of the traditional linear sequence of the
curriculum constitute another line of research.

9. CONCLUSION

Multidisciplinary approaches are a valuable resource to
enrich the teaching of mathematics. They allow concepts
to be presented in a more attractive and intuitive way,
generating a better understanding in students. The
available evidence suggests that competencies or skills of
connectivity with other areas of knowledge, together with
evidence-based professional development opportunities,
contribute to the improvement of mathematics and science
teaching in general. The connection of mathematical
content with natural sciences and engineering or the
incorporation of civic education and art in the teaching of
mathematics result in attractive and interesting proposals
for students.

Teachers in training play a fundamental role in the
implementation  of  proposals like  this.  The
multidisciplinary approach contributes to the improvement
of the quality of mathematics education. Opportunities for
connectivity to other areas, the adoption of an evidence-
based approach, leadership guidelines, and instances of
continuous professional development are all part of a
framework that sustains the growth of mathematics
teaching. Initial training models, classroom practice
experiences and collaborations with other disciplines
provide elements that enhance the quality of mathematics
teaching.

10. BIBLIOGRAPHIC REFERENCES

Franco Alzate, M. A. (). Teaching and learning strategies
for the integration of natural sciences, mathematics and
language in basic primary: Case study.
repositorio.unal.edu.co. unal.edu.co

Gomez, G. A. P, Aguiar, N. N. G, Vega, E. K. C,, &
Renteria, J. H. H. (2023). Innovative Assessment of
Learning in Secondary and Higher Education in Latin
America: A Systematic Review. Voices and Silences. Latin
American Journal of Education, 14(2), 23-48.
uniandes.edu.co

IJIDDT, Volume 16 Issue 5s, 2026

Page: 611



Multidisciplinary Approaches to Mathematics Teaching: The Role of Teachers in Training

Infante-Malachias, M. E. & Araya-Crisostomo, S. (2023).
Interdisciplinarity as a challenge to educate in
contemporaneity. Educar em Revista. fcc.org.br

Castillo, J. C. R. C. R. (2024). The philosophy of
mathematics: from ontology and epistemology to school
pedagogy. Advances in Science and Teaching Journal.
paideiastudio.com.ar

Urefia-Villamizar, Y. C., Henao-Gémez, M. A., Vargas-
Velasquez, O. A., Ramirez-Ramirez, J. R., & Fernandez-
Nieto, E. L. (2024). Ma-Tecn: Innovative model to
promote logical-mathematical skills. AiBi Journal of
Research, Management and Engineering, 12(2), 63-74.
udes.edu.co

Tabares, E. & Yepes, D. (2024). Strengthening inclusive
classroom practices to improve the teaching process.
methodology. unicartagena.edu.co

Pineda, A. L. (2023). "Healthy Breakfast": STEM
educational approach as an experience of significant and
interdisciplinary appropriation in the learning of natural
sciences. umanizales.edu.co

Jiménez, N. H. V., Merizalde, A. L. P., Quezada, M. A. V.,
& Quezada, M. S. V. (2025). Integration of PBL into
Universal Learning Design: Evaluation of Educational

Impact. Journal of Education and Sports Sciences, 3(1),
347-363. revistaced.com

Tipan, R. O. B. & Basantes, A. L. C. (2023). Multisensory
learning strategies in reading and writing in the second
year of Dbasic education. Pole of knowledge.
polodelconocimiento.com

Ormazabal Valladares, V., Herndndez Montes, L., &
Zuiiga Arbalti, F. (2023). Play as a learning tool in higher
education. Electronic Journal of Educational Research, 25.
scielo.org.mx

Gonzales, M. O. F. & Gonzales, L. F. (2024). Design and
validation of an instrument to identify teaching-learning
strategies in industrial technical education. Revista critica
con ciencia. unirioja.es

Arias, J. A. 1., Gavilanes, A. M. C., & Rizzo, J. B. Q.
(2024). Teaching-learning strategies to promote critical
thinking in secondary education. Ciencia Latina Revista
Cientifica Multidisciplinar, 8(3), 2772-2794.
ciencialatina.org

Araya-Crisostomo, S. P. & Urrutia, M. (2022). Application
of a constructivist educational model based on empirical
evidence of neuroscience and its implications in teaching
practice. Technological information. scielo.cl

IJIDDT, Volume 16 Issue 5s, 2026

Page: 612



