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Abstract

In recent decades, many governments throughout the globe have made boosting mathematics, biology,
and chemistry (MBC) education a major priority of their educational policies to better educate students
for a scientific and technological future. Study of mathematics transdisciplinary is not confined to the
"STE," (Science, Technology and Engineering) but should extend to every subject area. Using
mathematical modeling as a model for promoting both modeling and interdisciplinary mathematics
education (IdME) in the classroom is a great example of how to implement both concepts in the
classroom. As a way of creating ideas, mathematical modeling fosters all of the following: Students can
put this plan into effect since they have solved the applicable challenges. The study of mathematics
provides a chance to investigate a variety of environmental concerns.

Keywords: Mathematics modeling, solution strategy, transdisciplinary learning, interdisciplinary

mathematics.

Introduction

Models are a way for us to express our ideas
about how the world works. Mathematical
modeling is the process of expressing such
views in mathematical terms (R. Ferri &
Mousoulides, 2017). For one thing, it is a simple
and well-defined language that holds all of the
facts that mathematicians have proved over
decades and computers can subsequently be
utilized to run numerical simulations. Math is
also a highly precise language that assists
businesses in identifying underlying
assumptions (R. Ferri & Mousoulides, 2017).
When it comes to mathematical modeling, there
is usually some room for compromise. The vast
majority of complex real-world systems are
impossible to represent in their totality because
they are just too intricate. As a result, identifying
the system's most critical components is the first
step in reaching a compromise. The remainder
will not be considered for inclusion in the model
(Rocha, 2018). The second degree of
compromise is  deciding how  much
mathematical manipulation is worth it
However, despite mathematics' ability to show
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generalizations, these conclusions are very
dependent on the equations themselves (Widjaja
et al., 2019). Even minor changes to an
equation's structure might need a significant
overhaul of the underlying mathematics. Model
equations handled by computers may not
provide beautiful solutions, but they are far more
resistant to change (Roth, 2020; Tangkawsakul
et al., 2020).

We believe that A. Uyomov's definition of a
model as it is used, which he describes as a
whole whose investigation is a method of
gaining knowledge about another system, is an
adequate way to characterize the notion of
mathematical modeling (Tezer, 2019). The other
systems in Uyomov's concept are the
mathematical ideas and qualities that describe
environmental occurrences in our case. Students
begin utilizing mathematical modeling methods
and tools in elementary school, but a full
description based on and only in the ninth grade,
during a unit on the topic, is a scientific
conceptual framework offered following the
school's Algebra curriculum (Williams & Roth,
2019). For example, students who have studied
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chemistry or biology may be familiar with
environmental phenomena that may be modeled
mathematically as a way of learning about
environmental phenomena as a result of their
studies in those fields (Ekici & Plyley, 2019;
Tezer, 2019).

A teacher should prepare to provide models
(illustrations, schemes, table) to students while
working on the mathematics curriculum to
symbolically  transfer  characteristics  of
modeling entities to pupils, particularly their
structure and connections (Tytler, 2016).
Students may learn about numerous figurative
and mathematical models (such as drawings,
schemes, and tables containing concise
expressions of conditions) while working
through text-based challenges (Sunee, 2015).
Pupils learn how to use various models to solve
applicable issues in general and environmental
challenges in particular (Consortium, 2016;
Sunee, 2015).

For example, pupils may be required to design
something unique model to show the links
between different words in a subject or unit
while categorizing mathematical concepts
(algebra, geometry). Teachers may use a
problem's content to assist motivate students,
For example, you can learn about volume in
general and the volume of a pyramid in
particular. Students may get a greater knowledge
of ideas and their attributes by observing
properties, articulating theorems, and solving
problems utilizing the information they learn
about various material (real) models. In
addition, as part of their homework, students
may utilize mathematical modeling to
participate in active cognitive activities both in
class and at home (Consortium, 2016).

Students learn formulae for determining the
areas of flat figures, the surfaces of spatial
objects, and the volumes of such things by using
mathematical modeling as a technique of
cognition. Practical issues, particularly those
with an environmental focus, are a primary tool
for this. Solving problems involving geometric
figures, theorems, properties, and definitions is
one way to lay the groundwork for
environmental education by cultivating students'
spatial imagination and understanding of the
links among various mathematical conceptions
(Sullivan & Yang, 2013). When it comes to
issuing solving, drawings serve as the most
effective modeling tools. Using the geometric
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shape pyramid as an example, let us see how we
might solve an applied issue of environmental
content. Using mathematical modeling and
interdisciplinary mathematics education as a
theoretical lens, this research aims to determine
how mathematical modeling may help advance
interdisciplinary ~ mathematics education
(Arleback & Albarracin, 2019).

Discussions

Organic waste is a byproduct of human life and
activity (de Camargo et al., 2014). Polluting the
air and water near major cities is the result of
massive landfills. For example, the volume of
the Great pyramid has been exceeded by
municipal waste outside of New York. A square
with a 227-meter side seems to exist at the foot
of a Great Pyramid, and the Pyramid's height is
around 147 meters. The answer in this example
is 63123025 m®. The graphic displays a
computer-assisted solution to the problem of
estimating the volume of the Great Pyramid
(Andresen, 2009).

Learners of 'volume of a pyramid' will benefit
from a variety of approaches to teaching this
issue. The following will aid in the development
of the geometric concept:

Students must be able to solve the challenge to
graduate, they first need to understand the issue
at hand; next they need to understand the
concept of volume and the formula for
calculating it; and last they need a picture of a
pyramid, which mimics the scenario mentioned
above (I'pu6'tox, 2014).

When it comes to teaching geometry, we use
models of geometric shapes, but in geography,
we use cartographic projections to show the
earth's surface as a flat plane. Students 'research'’
the earth's surface using auxiliary projections,
such as a cylindrical, plane, and cone
(Oleksandrivna, 2014).

In elementary school and the fifth and sixth
grades, students are introduced to a variety of
models for expressing the circumstances of
practical issues. Students in the 5th grade, for
example, learn about three distinct problem-
solving methods while working on an applied
issue. There aren't enough environmental issues
addressed in the current crop of school textbooks
(Olena Hrybiuk, 2019a). Our research has
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focused on determining the consistency of the
conceptual framework that underpins particular
environmental phenomena, as well as students'
level of understanding in these fields, by
examining the course materials in these
disciplines. The application of science, botany,
zoology, biology and the principles of ecology
shapes students’ knowledge of environmental
occurrences and the types of mathematical
models  utilized in  math classrooms.
Consequently, Within the framework of the
topic under investigation, the interdisciplinarity
of the disciplines is shown in a diagram
(Franchuk; Tigrov et al., 2021). Pupils' mastery
of theoretical material's structural components
helps them acquire new mathematical models
that are essential for the efficient application of
the technique of mathematical modeling in
mathematics and biology and chemistry classes
(Hrybiuk, 2021).

We may apply the conceptual approach
developed by O. Pogorelov2 to learn and
practice utilizing the technique of mathematical
modeling (MMM), which is analogous to proof
by contradiction in geometry (O Hrybiuk, 2019).
The key to this strategy is to first study the
fundamentals of the technique in question, and
then to develop the necessary abilities to put that
knowledge to use. While the preceding
technique is provided in a basic way by solving
problems, it is further explained in a second
stage via a conceptual framework and a
comprehension of its essence and reference
principles (Olena Hrybiuk, 2019a).

Mathematical modeling may only be researched
and used in this scenario if the following
requirements are met:

° An applied issue must be addressed to
gain knowledge about the phenomenon under
investigation

o Mathematical ~ models  that are
appropriate for addressing a particular kind of
applied issue with environmental content.

o Mathematical ~ models  that are
appropriate for addressing a particular kind of
applied issue with environmental content.

Definitions at a high level and in broad terms
Mathematical modeling is widely accepted as
being an activity involving a back and forth from
reality and mathematical, but interdisciplinary
mathematics education has a far more nebulous
meaning. A group of researchers from several
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professions, including both of the authors of this
study, recently produced the  book
"Interdisciplinary Mathematics Education -
State of the Art" (Williams et al., 2019).In the
absence of further discussion, it became evident
that the term "discipline" is considerably simpler
to define than "multi-, inter-, trans-, or meta-
disciplines." Describe the meaning of
multidisciplinary (OO Hrybiuk, 2019). Nikitina
(2006) published an intriguing study in which
she identified three different integrative
methods to teaching science and mathematics
that varied from one another in terms of both
form and intent. There are three main
approaches to teaching math and science,
notably conceptualizing, contextualizing, and
problem centering. According to the authors'
empirical investigation, instructors may benefit
from knowing the advantages and disadvantages
of each of these tactics to choose the best manner
to offer their multidisciplinary content. While
(Roth, 2020) offers a concise and pragmatic
definition, he says: "Interdisciplinarity signifies
the existence of two or more academic areas or
bodies of knowledge." The conventional borders
between academic fields tend to be crossed in
interdisciplinary work" (p. 417). It serves as the
theoretical framework for this paper's discussion
of IdME. By comparing (Roth, 2020) concept
with mathematical modeling, the following
ideas emerge: Mathematical modeling activities
are impossible unless there is a real-world issue
to represent (Olena Hrybiuk, 2019b).

Cycle perspective and individual

modeling routes

Modeling cycles of any kind have recently been
shown to be critical in classrooms for the
education - learning of mathematical modeling
(R. B. Ferri, 2006). Meta-cognitive modeling
competence may be considered as an important
learning aim in addition to general modeling
sub-competencies. Modeling is not a linear
process for individuals, according to studies of
students' cognitive processes while doing it.
Individual modeling techniques best represent
students' back and forth hopping during the
cycle. A cycle perspective, modeling and
integrative mathematics have led to the
construction of two main concepts, where (b) is
dependent on (a).
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@) Mathematics itself is at the center of the
modeling cycles that applied mathematicians
and math educators have constructed in recent
decades (Gilbert, 2004). The cross-disciplinary
perspective is not immediately obvious. The
words "simplifying" and "working
mathematically,” which are often employed in
modeling cycles, do not imply the involvement
of other disciplines. When just considering the
cycles, this demonstrates exclusivity and a lack
of overlap. Even in the modeling cycles of
science, the same phenomenon can be seen
because the disciplines focus on their own, but
mathematics is only an afterthought.

(b) Since the inter-disciplinary view is not
expressly visible in existing models, this means
it can only occur when appropriate modeling
problems are addressed. Reading the issue
requires the person to understand the inclusion
of various disciplines and realities in the
dilemma. A person's experiences are not the sole
source of extra-mathematical knowledge, but
also the knowledge of other fields, such as
physics or information technology (Blum &
Ferri, 2009; R. B. Ferri, 2006). The better a
student's modeling process is, the more
"discipline knowledge" and "mathematical
knowledge" he or she has. When students
comprehend the numerous disciplines involved
in the modeling problems, the separate modeling
paths seem to be on a multi-dimensional level,
to speak abstractly. If we look at it this way,
mathematics modeling and transdisciplinary
education have a lot in common (Doerr &
English, 2003).

The viewpoint of teachers and the
technique of cross-linking

In light of the previous section, we will now
consider the situation from the perspective of
educators. Our teachers have to be experts in all
four STEM (Science, Technology, Engineering,
and Mathematics) domains to teach
interdisciplinary mathematics. We took the
present discussion in STEM education as a
starting point for our theoretical conception to
address this problem. B. Ferri and her colleagues
(2017) distinguish between single-field teaching
strategies and cross-link field teaching methods.
For example, an engineering educational
environment is an example of a single-discipline
method. This setting does not essentially involve
the other disciplines. At least two disciplines
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must be promoted at once to cross-link the
disciplines. In classroom study for the
"Leonardo-da-Vinci Project” (B. Ferri et al.,
2017) explicitly combined mathematics,
physics, engineering, and art in one learning
environment. Students in grade 9 (14 years old)
utilized an inquiry-based learning environment
to build and duplicate the Leonardo bridge
(Vagliardo, 2006). Reflection on cross-linking
the disciplines was the primary purpose of the
lesson unit. The following definition of "cross-
link" is based on empirical evidence and
theoretical considerations: The term "cross-
linking" refers to the practice of incorporating at
least two (scientific) fields within a single lesson
or whole lesson unit and allowing pupils to
reflect on their metacognitive processes. Again,
the primary focus is on making numerous
disciplines clear (R. Ferri & Mousoulides,
2017). However, it is also conceivable for a
teacher to examine the Leonardo Bridge just
from a mathematical standpoint, disregarding all
other disciplines. Students used a range of
disciplines to their knowledge and modeling of
the bridge (Mata et al., 2012).

Interdisciplinary activities and students'
work

The creation of activities and teaching resources
has been the subject of a large number of
research investigations. Focusing on educational
processes that have embraced a modeling
viewpoint is the emphasis of this research. For
example, these kinds of exercises take place in
real-world settings and allow for a variety of
interpretations by students. Activities like this
allow children to participate in essential
mathematical processes, including describing,
analyzing, building and reasoning. Using a
modeling viewpoint, researchers have identified
six design principles that may be used to create
these kinds of learning experiences (Prosser &
Trigwell, 2006). Lesh and Doerr have improved
the work of instructors and researchers to
produce these design ideas (2003). According to
the "Model Construction Principle," each
mathematically relevant circumstance demands
a clear description, explanation, or technique. To
fulfill the 'Reality Principle,’ students must be
able to analyze the activity from their level of
mathematical skill and prior knowledge. The
'Self-Assessment Principle' ensures that the
course content includes criteria that students
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may discover and apply to examine and update
their thinking processes. Additionally, students
must be able to evaluate the effectiveness of
their ideas and choose when and how to make
necessary improvements, all of which should be
included in the modeling process. As part of the
'Model Documentation Principle,' the students
are expected to record how they understand the
issue scenario and their solutions throughout the
modeling exercise. Construct Share-ability and
Reusability Principle, the fifth principle
demands students to develop solutions that can
be shared and reused by others outside of the
local circumstance (Nasser, 2005; Prosser &
Trigwell, 2006).

Although mathematically important, effective
prototype principles guarantee that the modeling
activity is as easy as possible while yet being
accurate. Students are expected to come up with
answers that may be used as models for
understanding other circumstances that are
structurally similar. Following the
aforementioned guidelines, Mousoulides and
colleagues have created a variety of student-
focused, cross-disciplinary modeling exercises.
They have been tested at a variety of schools
around the globe, including the United States.

Recognize the connection between
mathematical modeling and
interdisciplinary mathematics

After summarizing the theoretical studies
presented, it becomes clear that mathematical
modeling and IdME have major practical and
methodological commonalities. It is teachers
who must first make interdisciplinary activities
more clear to students and then actively link
them via their instruction in the real world of
modeling issues, as shown in the preceding
section (Miller). It is possible that in some
respects, mathematical modeling serves as an
example of interdisciplinarity in mathematics
education. Mathematical modeling and IdME's
interaction is a difficulty that we would want to
think about more and create an acceptable
depiction of. "problem understanding,"
"validation," and other
terms/concepts/processes such as "theory(-ies)
of modeling" are all part of this theory (Cai et
al., 2014; Michelsen, 2015). As a mathematical
modeler, you might regard this as the theoretical
element, based on decades of theoretical and
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empirical study. This makes it very difficult to
disentangle mathematical modeling from IdME
because, although IdME includes mathematical
modeling, we may also see mathematical
modeling as a whole area of study in and of
itself. Students might use this modeling-oriented
method to focus on finding/proposing a system
for balancing calorie consumption for the
"nutrition and exercise" case study (Asempapa,
2015). Students may be pushed to come up with
numerous models for different people when it
comes to balancing diet and exercise (e.g.
classmates; professional athletes; instructors;
parents). In this way, the activity's focus would
shift from mathematics and biology to
modeling. If the (interdisciplinary) work does
not meet the requirements of the modeling,
difficulties, such as when you have a "word
problem,” IdME may be placed in its area.
Modeling problems aren't inherent to every
multidisciplinary endeavor that includes (some)
mathematics (Anhalt et al., 2018; Torres &
Santos, 2015).

There are several ways to approach IdME that
don't include modeling, thus one may use math
and biology in a work but concentrate on math
when dealing with the issue at the end
(Asempapa, 2015). We are talking about "pure
crossing disciplines” here. The link between
modeling and IdME is shown via real-world
questions includes in a real-world modeling
problem. Questions of a modeling task, students
understand the questions, identify all of the
disciplines involved, and use or learn about
extra-mathematical knowledge. For example,
students in the Nutrition-Exercise case study
could use this strategy to develop algebraic
formulae for the count of calories in different
diets and/or sports activities. Students would
have to deal with both scientific and
mathematical concepts, but the emphasis in
resolving their given subject would be on either
mathematical or biological principles (Torres &
Santos, 2015).

Recommendations and Conclusions

If the prerequisites are met, then mathematical
modeling is a useful tool for developing
concepts (functions and equation systems;
different forms of polyhedrons; solids of
rotation). These models (material and ideal) can
be used for both the formation of certain
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mathematical concepts and the study of the
models that would be used at later stages when
applied problems to environmental content are
expected to be solved using the method of
computer modeling, which is appropriate for this
purpose. As a result, mathematical modeling
includes both coordinate or vector approaches
(Anhalt et al., 2018).

Pupils in grades 7 through 9 are initially
introduced to the MMM framework through
addressing practical issues, particularly those
with  environmental  significance. ~ While
studying themes of mathematics, biology, and
chemistry, this step may be achieved by taking
into account the inter-subject relationships
between these areas, which are specified in
tables.

The purpose of the first lesson on "Mathematical
modeling" is to convey the approach's basic
concept, learn its content, and create its
reference rule (Anhalt et al., 2018; Dym, 2004).
The third level of conscious application of the
mathematical modeling (MMM) approach,
which should be continued in high school,
include addressing practical challenges, not only
environmental ones. We can also see how the
method is used to undertake ecological and
biodiversity studies on the scale of a city, town,
street, school, or house, and how the results are
presented graphically.

Mathematical models in high school are
becoming more diverse, allowing the MMM to
be used in more ways. Anatomy, zoology, and
botany are just a few examples of fields where
MMM utilization is required. When researching
the MMM, it is appropriate to use an algorithmic
technique. The deductive technique is used in
the second stage of applied problem solving, as
the inductive method was used in the previous
step (Erbas et al., 2014).

Each of these three phases (preliminary,
systematic, and conscious use) of the method of
mathematical modeling (MMM) may be
characterized by the learning activities of
students.

In the beginning, it's a good idea to teach
students how to address practical problems and
environmental issues using the same method,
which will serve as the basis for the MMM's
content and reference rule (Kertil & Gurel,
2016). Due to practical problems, students can
effectively implement every position in the

© 2021 JPPW. All rights reserved

scheme of the technique of mathematical
modeling (White et al., 2021).

For example, Students in fourth through ninth
grades participate in the following mental
activities: Algebra: solving problems using the
equation approach; Geometry: solving issues
using the test of equality and similarity of
triangles, trigonometry, and techniques of
coordinates and vectors) (White et al., 2021).

We address direct and inverse issues to make
these two mental activities, which are at the
foundation of the mathematical modeling
approach, conceivable.

By applying imaginative solutions to
mathematical issues, the modeling method aims
to improve students' interest in the subject
matter and their ability to think critically and
creatively, as well as their ability to do research
(Diefes-Dux et al., 2012).

Largely, this is true for both steps one and two,
which are about choosing to observe or develop
an informal model. Using these procedures, it is
possible to distinguish between the two
processes: modeling and  mathematical
modeling. Math and biology or chemistry may
be taught together by two instructors in an
integrated  session, where students can
participate in such an activity (Abrams, 2001).

An integrated lesson combines information from
many disciplines to build a broad picture of what
we are learning; in this case, we are merging
material from the mathematical and biological
sciences with chemistry. Students have a greater
knowledge of course material, discover
connections between disciplines, increase their
cognitive and creative talents, and learn about
the environment because of taking these courses.
Symmetry and proportion are ideas that are used
in math, physics, biology, and chemistry. Both
the coordinate and vector approaches are used in
mathematical modeling. In high school, students
should be able to utilize the MMM to address
both applied and environmental issues, as well
as modeling as a process of research of a species
that relies on the location that may not be offered
in the form of a specific inquiry. Pupils are ready
to apply the first three steps of the modeling
process and the fifth stage (Abrams, 2001;
Banerjee, 2021; Hritonenko & Yatsenko, 1999).

The MMM is used to assist students to learn the
structure of arguments in the early stages of
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addressing applicable issues. When studying
‘Mathematical modeling' in the 9th grade,
students get an in-depth look at how to use
mathematical models like algebraic equations to
solve issues in environmental science based on
what they've learned in zoology, botany, and
other science classes (Gainsburg, 2006;
Hritonenko & Yatsenko, 1999).

Mathematical modeling is an important topic,
and this first lesson on the subject gives an
excellent opportunity for students to learn about
the theoretical model of this topic as well as how
to use the MMM to solve applied problems,
which is also an excellent way to educate
students about environmental issues. There must
be a lesson that is generalizing and
systematizing in nature. When it comes to
knowledge expansion, the first step is to
introduce concepts like "model,” "mathematical
model,” and "mathematical modeling."
Mathematical modeling should be taught in high
school after students have studied chemistry,
biology, and the basics of ecology in textbooks,
and it is appropriate to have them perform
graphic calculations but also study natural
phenomena at this stage after pointing out the
mathematical notions that were used to describe
these topics. As a result, a teacher engages
students in cross-curricular linkages. Using this
method, students may research a variety of
environmental issues while they are learning
mathematics (Gainsburg, 2006; Gonzalez-Parra
et al., 2018; Ludwig et al., 2018).

References

[1] Abrams, J. P. (2001). Teaching
mathematical modeling and the skills of
representation. The roles of
representation in school mathematics,
Education Sciences, 269-282.

[2] Andresen, C. S. P. D. M. (2009). What
roles can  modelling play in
multidisciplinary teaching. Paper
presented at the Proceedings of the 6th
Conference of the European Society for
Research in  Mathematics Education
(CERMES).

[3] Anhalt, C. O., Cortez, R., & Bennett, A.
B. (2018). The emergence of
mathematical modeling competencies: An
investigation of prospective secondary

© 2021 JPPW. All rights reserved

[4]

[5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

mathematics  teachers. Mathematical
Thinking and Learning, 20(3), 202-221.
Arleback, J. B., & Albarracin, L. (2019).
The use and potential of Fermi problems
in the STEM disciplines to support the
development of twenty-first century
competencies. ZDM, 51(6), 979-990.
Asempapa, R. S. (2015). Mathematical
modeling: Essential for elementary and
middle school students. Journal of
Mathematics Education, 8(1), 16-29.
Banerjee, S. (2021). Mathematical
modeling:  models, analysis and
applications: CRC Press.

Blum, W., & Ferri, R. B. (2009)
Mathematical modelling: Can it be taught
and learnt? Journal of mathematical
modelling and application, 1(1), 45-58.
Cai, J., Cirillo, M., Pelesko, J., Bommero
Ferri, R., Borba, M., Geiger, V., Stillman,
G., English, L., Wake, G., & Kaiser, G.
(2014). Mathematical modeling in school
education:  Mathematical, cognitive,
curricular, instructional and teacher
educational perspectives. Paper presented
at the Proceedings of the 38th Conference
of the International Group for the
Psychology of Mathematics Education
and the 36th Conference of the North
American Chapter of the Psychology of
Mathematics Education.

Consortium, N. Y. P. S. (2016). Math
rubric for performance based assessment
tasks. Available at
performanceassessment.
org/performance/prubrics. html.

de Camargo, A. C., Regitano-d’Arce, M.
A. B., Biasoto, A. C. 0. T., & Shahidi, F.
(2014). Low molecular weight phenolics
of grape juice and winemaking
byproducts: Antioxidant activities and
inhibition of oxidation of human low-
density lipoprotein cholesterol and DNA
strand breakage. Journal of Agricultural
and Food Chemistry, 62(50), 12159-
12171.

Diefes-Dux, H. A., Zawojewski, J. S.,
Hjalmarson, M. A., & Cardella, M. E.
(2012). A framework for analyzing
feedback in a formative assessment
system for mathematical modeling
problems. Journal of Engineering
Education, 101(2), 375-406.

Doerr, H. M., & English, L. D. (2003). A
modeling  perspective on  students'



1697

Journal of Positive Psychology & Wellbeing

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

mathematical reasoning about data.
Journal for research in mathematics
education, 34(2), 110-136.

Dym, C. (2004). Principles of
mathematical modeling: Elsevier.

Ekici, C., & Plyley, C. (2019). Inquiry-
Based modeling of population dynamics
with logistic differential and difference
equations. PRIMUS, 29(6), 553-570.
Erbas, A. K., Kertil, M., Cetinkaya, B.,
Cakiroglu, E., Alacaci, C., & Bas, S.
(2014). Mathematical Modeling in
Mathematics Education: Basic Concepts
and Approaches. Educational Sciences:
Theory and Practice, 14(4), 1621-1627.
Ferri, R., & Mousoulides, N. (2017).
Mathematical modelling as a prototype
for interdisciplinary mathematics
education?-Theoretical reflections. Paper
presented at the CERME 10.

Ferri, R. B. (2006). Theoretical and
empirical differentiations of phases in the
modelling process. ZDM, 38(2), 86-95.
Franchuk, N. SOME ASPECTS OF
USING COMPUTER TECHNOLOGIES
DURING TRAINING OF FUTURE
TEACHERS OF PRESCHOOL
EDUCATION INSTITUTIONS.
Gainsburg, J. (2006). The mathematical
modeling of  structural  engineers.
Mathematical Thinking and Learning,
8(1), 3-36.

Gilbert, J. K. (2004). Models and
modelling: Routes to more authentic
science education. International Journal
of Science and Mathematics Education,
2(2), 115-130.

Gonzélez-Parra, G., Chen-Charpentier,
B., & Kojouharov, H. V. (2018).
Mathematical modeling of crime as a
social epidemic. Journal of
Interdisciplinary mathematics, 21(3),
623-643.

Hritonenko, N., & Yatsenko, Y. (1999).
Mathematical modeling in economics,
ecology and the environment: Springer.
Hrybiuk, O. (2019). Improvement of the
Educational Process by the Creation of
Centers for Intellectual Development and
Scientific and Technical Creativity.
Advances in Manufacturing I, 2, 370-
382.

Hrybiuk, O. (2019a). Improvement of the
educational process by the creation of
centers for intellectual development and

© 2021 JPPW. All rights reserved

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

scientific and technical creativity. Paper
presented at the International Scientific-
Technical Conference
MANUFACTURING.

Hrybiuk, O. (2019b). Problems of expert
evaluation in terms of the use of variative
models of a computer-oriented learning
environment of mathematical and natural
science disciplines in schools. Zeszyty
Naukowe  Politechniki ~ Poznanskiej.
Organizacja i Zarzgdzanie.

Hrybiuk, O. (2021). Experience in
Implementing Computer-Oriented
Methodological Systems of Natural
Science and Mathematics Research
Learning in Ukrainian Educational
Institutions. Paper presented at the
International Conference Innovation in
Engineering.

Kertil, M., & Gurel, C. (2016).
Mathematical modeling: A bridge to
STEM education. International Journal of
Education in mathematics, science and
Technology, 4(1), 44-55.

Ludwig, P., Tongen, A., & Walton, B.
(2018). Two project-based strategies in an
interdisciplinary mathematical modeling
in biology course. PRIMUS, 28(4), 300-
317.

Mata, M. d. L., Monteiro, V., & Peixoto,
F. (2012). Attitudes towards mathematics:
Effects of individual, motivational, and
social support factors. Child development
research, 2012.

Michelsen, C. (2015). Mathematical
modeling is also physics—
interdisciplinary ~ teaching  between

mathematics and physics in Danish upper
secondary education. Physics Education,
50(4), 4809.

Miller, T. A. the 64th OSU International
Symposium on Molecular Spectroscopy.
Nasser, R. (2005). Differences between
Canadian and Lebanese Pre-service
Elementary Teachers on Their Conception
of How Children Learn Mathematics.
International Journal for Mathematics
Teaching and Learning.

Oleksandrivna, G. 0. (2014).
Mathematical modelling as a means and
method of problem solving in teaching
subjects of branches of mathematics,
biology and chemistry. Paper presented at
the The First International Conference on
Eurasian scientific development.



Abha Singh

1698

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Prosser, M., & Trigwell, K. (2006).
Confirmatory factor analysis of the
approaches to teaching inventory. British
journal of educational psychology, 76(2),
405-4109.

Rocha, H. (2018). Pre-service teachers’
knowledge: Impact on the integration of
mathematical  applications on the
teaching of mathematics. Paper presented
at the ATEE WINTER CONFERENCE
2019.

Roth, W. M. (2020). Interdisciplinary
approaches in mathematics education.
Encyclopedia of mathematics education,
415-419.

Sullivan, P., & Yang, Y. (2013). Features
of task design informing teachers’
decisions about goals and pedagogies.
Task Design in Mathematics Education,
529-530.

Sunee, K. (2015). Mathematics education
at school level in Thailand the
development—The impact-The dilemmas.
Tangkawsakul, S., Mookda, N., &
Thaikam, W. (2020) Learning
Mathematics Through  Mathematical
Modelling Processes Within Sports Day
Activity. Southeast Asian Mathematics
Education Journal, 10(2), 105-114.
Tezer, M. (2019). The Role of
Mathematical Modeling in  STEM
Integration and Education Theorizing
STEM Education in the 21st Century:
IntechOpen.

Tigrov, V., Tolstenko, A., Negrobova, L.,
Dobromyslova, O., & Piminov, E. (2021)
Education, work and creation: ways for
developing technological education of
schoolchildren in Russia. Amazonia
Investiga, 10(42), 206-216.

Torres, N. V., & Santos, G. (2015) The
(mathematical) modeling process in
biosciences. Frontiers in genetics, 6, 354.
Tytler, R. (2016). Challenges for
mathematics within an interdisciplinary
STEM education. Paper presented at the

13th  International  Congress  on
Mathematical  Education.  Hamburg,
Germany.

Vagliardo, J. (2006). Substantive

knowledge and mindful use of logarithms:
A conceptual analysis for mathematics
educators. Focus on Learning Problems in
Mathematics, 28(3), 90.

© 2021 JPPW. All rights reserved

[45]

[46]

[47]

[48]

White, K. A., McEntire, K. D., Buan, N.
R., Robinson, L., & Barbar, E. (2021).
Charting a New Frontier Integrating
Mathematical Modeling in Complex
Biological Systems from Molecules to
Ecosystems. Integrative and comparative
biology.

Widjaja, W., Hubber, P., & Aranda, G.
(2019). Potential and challenges in
integrating science and mathematics in the
classroom through real-world problems:
A case of implementing an
interdisciplinary approach to STEM Asia-
Pacific STEM Teaching Practices (pp.
157-171): Springer.

Williams, J., & Roth, W. (2019).
Theoretical perspectives on
interdisciplinary math education.

Interdisciplinary mathematics education.
Cham: Springer.

49. Tpub'tox, O. (2014). Mathematical
modelling as a means and method of
problem solving in teaching subjects of
branches of mathematics, biology and
chemistry. Paper presented at the The First
International Conference on Eurasian
scientific development. Proceedings of
the Conference (April 11, 2014).



