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Abstract 

Since contemporary learning theories, strategies and models offer the interdisciplinary approach, 
educators need new pedagogical alternative ways to attain it in practicum. For this reason, the 
current research aimed to illustrate how to intertwine mathematical modeling with an environmental 
issue that recruits waste management (e.g., reuse-recycle-reduce) to live an environmentally friendly 
lifestyle. Through a case study research, 6 seventh-grade students (3 females and 3 males; aged 13-14) 
voluntarily participated in the research. The researchers videotaped and analyzed all interactive learning 
processes to elicit the students’ environmental dialogues. The results indicated that the interdisciplinary 
mathematical modeling afforded the students to acquire the targeted environmental concepts/issues and 
somewhat supported their arguments. Since the current research illustrates an alternative pedagogy to 
integrate science/environmental education into mathematics, it may be used to facilitate dissemination 
and applicability of the STEM education. 
Keywords: environmental issues, interdisciplinary approach, mathematical modeling 

Introduction

Population growth and scientific/technological advances have globally influenced food 
production, energy use, climate, land use, air, and water quality. Imbalanced interactions 
between humans and their environments have yielded to anthropogenic environmental 
problems (e.g., Atmaca et al., 2020; Er Nas & Çalık, 2018) that threaten the restorative capacity 
of natural ecosystems. For example, people, who are unaware of their own environmental and 
social responsibilities, use environmental resources as if they were infinite (Çalık & Eames, 
2012). Such anthropogenic activities and environmental degradation pose a major ecologic 
threat for sustainable development (Montgomery, 2007) and natural ecosystems (e.g., forestry 
ecosystems) (e.g., Er Nas & Çalık, 2018). These concerns need to be resolved through the 
recognition of the interconnections amongst environment, social behavior, cultural histories, 
and economic processes (Çalık & Eames, 2012).    

To minimize environmental damage, people need to be informed and educated about 
environmental problems. This calls for their active participation in developing solutions to 
environmental issues. Thus, they can behave responsibly towards the environment in which 
they live. Given the enormous publicity associated with environmental issues such as global 
warming, environmental education can be employed to change people’s perceptions, attitudes, 
and habits (Bilianska & Yaroshenko, 2020; Çalık, 2009). This means that formal and informal 
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education plays a significant role at accomplishing environmental education, environmental 
sustainability, and sustainable development (e.g., Deveci & Karteri, 2021). For example, in 
Turkey, newly released curricula, which integrate environmental education into relevant issues, 
purpose to educate well-qualified and responsible citizens for environmental education by means 
of student-centered learning strategies (e.g., Çalık, 2009; Deveci & Karteri, 2021). In fact, such 
a learning strategy/environment necessitates having well-qualified teachers with knowledge of 
pedagogical strategies for environmental education (e.g., Çalık, 2009). That is, teachers, who 
have a good level of environmental literacy and pedagogical content knowledge, think about 
how to teach environmental concepts/issues effectively (Çalık & Aytar, 2013; Deveci & Karteri, 
2021). 

Research Problem 

Even though contemporary learning theories, strategies and models offer the 
interdisciplinary approaches, educators have still possessed some educational problems 
at collaboratively working with each other and reflecting various disciplines. For example, 
although Science, Technology, Engineering, and Mathematics (STEM) education asks for 
intertwining different disciplines with each other, the STEM studies have generally had some 
deficiencies at correlating subjects/disciplines (Doğan et al., 2019; Gürbüz et al., 2018; Herdem 
& Ünal, 2018; Ormancı, 2020). Moreover, since the interdisciplinary approach covers different 
subjects, skills and collaborations, educators need higher-order thinking and management/
leadership skills. For this reason, mathematics and science teachers/educators have still had 
some pitfalls at practically implementing STEM education and/or interdisciplinary approach 
into their classes (Gürbüz et al., 2018). Therefore, educators, teachers and researchers need new 
pedagogical alternative ways to attain the interdisciplinary approach in practicum (Gürbüz et 
al., 2018; Milli Eğitim Bakanlığı, 2016). In that case, intertwining mathematical modeling with 
environmental issues may act as a catalyst that facilitates applicability and feasibility of the 
interdisciplinary approach and/or STEM education (Doğan et al., 2019; Gürbüz et al., 2018).  

Research Focus

Because Turkey does not possess a teacher education program in environmental 
education and STEM education, teachers need to see how to integrate environmental issues 
and mathematical modeling into their classes and/or lesson plans. For example, science 
teachers, who are generally familiar with environmental issues, can easily interpret related 
goals of science curriculum and integrate environmental issues into their classes and/or lesson 
plans. But this may be difficult for mathematics teachers. Likewise, science teachers may have 
difficulties at using mathematical modeling in science learning. For this reason, they need 
to be informed about how to intertwine mathematical modeling with environmental issues. 
Phrased differently, integration of environmental issues into mathematics education may be an 
alternative pedagogical way to achieve a better interdisciplinary approach. 

Interdisciplinary Mathematical Modeling

Mathematical modeling, as one of the 21st century mathematics competencies (Dewanti 
et al., 2020), involves real-life problems and concentrates on contextually minds-on activities 
that stimulate students’ mental models or cognitive scaffolds (e.g., Berry & Houston, 1995; 
Doğan et al., 2019; Gürbüz et al., 2019; Lesh & Doerr, 2003). Taking related literature into 
consideration, Doğan et al. (2019) has released a theoretical framework for the interdisciplinary 
mathematical modeling (see Figure 1).
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Figure 1 
Interdisciplinary Mathematical Modeling Process of Mathematics and Science (adopted 
from Doğan et al., 2019, p.634)

 
As seen from Figure 1, the interdisciplinary mathematical modeling, as a theoretical 

framework, firstly asks students to understand relevant problem, which embeds science (e.g., 
chemistry, physics, biology, environmental sciences) within mathematics. Then, they are 
encouraged to differentiate necessary variables from unnecessary ones by identifying their own 
problem(s). Given the nature of relevant problem, the “mental modeling” stage calls them for 
denoting their own hypothesis and appropriate plans. Thus, they are able to classify simplified 
concepts under “science and mathematical world” (called decomposition/grouping) and 
generate a context for the interdisciplinary mathematical modeling (named context forming). 
After noticing the context, students are expected to create their own mathematical model(s) 
(called model forming). Later, they need to provide their own mathematical solutions by means 
of their existing mathematical knowledge (named model solving). Given their (possible) 
results, students are requested to associate their models/solutions with real-life issues/problems/
contexts (called transformation) and test the validity and applicability of their solutions (named 
evaluation). If students are satisfied with their created models that functionally respond real-
life issues/problems/contexts under investigation, they summarize their own problem-solving 
processes/results and prepare their own reports (called reporting). Meanwhile, the foregoing 
theoretical framework flexibly allows any proper transition between the interdisciplinary 
mathematical modeling processes. For example, students may jump into the “mental modeling” 
stage without grouping the related concepts in science (e.g., chemistry, physics, biology, 
environmental sciences) and mathematical world. Likewise, if they contextually find their 
models inappropriate or inapplicable for the real world, they may return to the “model forming” 
or “context forming” stage (Doğan et al., 2019).
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Research Aim

Given the aforementioned issues, the current research aimed to illustrate how to 
intertwine mathematical modeling with an environmental issue that recruits waste management 
(e.g., reuse-recycle-reduce) to live an environmentally friendly lifestyle (Iliopoulou, 2018a,b). 

The following research questions guided the current research:
1.	 How can the interdisciplinary mathematical modeling be conducted with seventh-

grade students? 
2. Which environmental themes and categories appear during the implementation of the 
interdisciplinary mathematical modeling?

Research Methodology

General Background

Through a case study research, the current research deeply examined the participants’ 
dialogues of environmental issues while they were engaging the interdisciplinary mathematical 
modeling in their small groups. That is, the current research, which viewed each group (3 by 3) 
as a case study, strived to critically handle the interdisciplinary mathematical modeling within 
a clear set of propositions, e.g., environmental issues/education (Yin, 2003).

Participants

6 seventh-grade students (3 females and 3 males; aged 13-14), who were purposefully 
drawn from a state middle school in the city of Adıyaman, Turkey, voluntarily participated in 
the research during the fall semester of the 2018-2019 academic year. All participants’ previous 
mathematics and science performances/scores fell into the average level.

Data Collection and Analysis

All interactive learning processes were videotaped to elicit the students’ environmental 
dialogues. Then, the researchers independently identified environmental categories and themes 
by means of verbatim transcriptions (Merriam, 1998; Yin, 2003). Interrater consistency value 
was found to be .71, which is slightly higher than the acceptable reliability coefficient (.70) 
suggested by Hair et al. 2006). Any disagreement was solved through negotiation. 

Procedure

A mathematics teacher and a science teacher, who participated in a 36-hour in-service 
education on the interdisciplinary mathematical modeling (this is of interest in another paper), 
collaboratively worked and then carried out the activity “Plastic Bottle.” Prior to the activity, 
the teachers asked the students to create their own small groups of 3. Later, they handed out 
the news entitled “plastic bottle instead of brick” to the students and requested them to read it 
very carefully. Then, the mathematics teacher asked provocative questions (e.g., What science 
and mathematics concepts do you think the news emphasize? Why is the house in the news 
environmentally friendly? What do you think about Andreas Froese’s waste management?) 
to stimulate their learning curiosity and activate their pre-existing knowledge. Hence, such a 
procedure not only created a “need-to-know” basis for advanced concepts but also promoted 
the students to learn related fundamental concepts prior to solving the problem.
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Figure 2
The News Entitled “Plastic bottle instead of brick”

The teachers passed out the problem sheet entitled “Building environmentally friendly 
constructions with plastic bottles” to the students and asked them to read it very carefully to 
comprehend the problem. 
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Figure 3 
The Problem Sheet Entitled “Building environmentally friendly constructions with plastic 
bottles”

In the stage “Understanding the problem,” the teachers encouraged the students to 
notice the problem called “plastic bottles instead of bricks,” and think about how to design 
an effective playhouse. Thus, the students could grasp related concepts (i.e., reuse, recycle, 
reduce) of waste management and comprehend how such constructions result in a better waste 
management to save the Earth. The stage “Mental modeling” required them to look for the 
relevant reports about plastic bottles (e.g., some countries throw away 2.5 million plastic bottles 
per hour) and duration of decomposition of any plastic bottle in nature (e.g., 500 years). Hence, 
the students could perceive that leaving plastic bottles to the environment mainly damages 
the nature. Further, they could create their own mental models to design their playhouses and 
consider how to effectively minimize the number of plastic bottles in nature (e.g., the use of 
0.5-liter plastic bottles in their own playhouses). Also, the teachers fostered the students to 
realize environmental (e.g., environment, environmental pollution, environmentally friendly 
living constructions, recycling, reuse and reduce) and mathematical concepts/terms (e.g., 
mathematically length measurement, field measurement units and transformations, properties 
of geometric objects, calculation of areas of geometric shapes) for the stage “decomposition 
(grouping).”  Further, the stage “context forming,” which called the students for calculating 
the number of plastic bottles to design the playhouse, generated an environmental context 
through the interdisciplinary mathematical modeling. That is, the students could notice related 
concepts of waste management (e.g., reuse) and prioritize building environmentally friendly 

Ramazan GÜRBÜZ, Muammer ÇALIK. Intertwining mathematical modeling with environmental issues



PROBLEMS
OF EDUCATION

IN THE 21st CENTURY
Vol. 79, No. 3, 2021

418

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online)https://doi.org/10.33225/pec/21.79.412  

constructions. Thus, they could see how to reduce any negative effect of the use of plastic 
bottles on nature, soil, and water (as the context). 

The teachers asked the students to design their own playhouse models (the stage “model 
forming”). For instance, the students could design a 3m x 3m floor to enable several students 
to play in the playhouse at the same time. Further, they could set the height of the playhouse at 
2.5 m given the average height of a room (2.60 m). A sample house design (with a door and one 
window for each of three identical facades) and its sizes are shown in Figure 4A.  

Figure 4
Sample Mathematical Models

The students planned to collect 0.5-liter plastic bottles of water, which are mostly used 
in daily life and easily accessible. Then, they measured the size and base diameter of a plastic 
bottle and thought about directions of mouth and base of the plastic bottle. For instance, they 
placed mouth of the plastic bottle towards inside and its base to outside when bonding the 
walls (see Figure 4B). Further, they inquired how to increase thermal insulation and viewed 
Figure 4C as a proper construction that increases thermal insulation and reduces heat-loss. After 
completing the design of the playhouse, they initially calculated the number of plastic bottles as 
if there were no doors and windows. Later, they subtracted areas of the door and windows from 
the total number (see Figure 5 for a sample calculation).  

Ramazan GÜRBÜZ, Muammer ÇALIK. Intertwining mathematical modeling with environmental issues



PROBLEMS
OF EDUCATION
IN THE 21st CENTURY
Vol. 79, No. 3, 2021

419

ISSN 1822-7864 (Print) ISSN 2538-7111 (Online) https://doi.org/10.33225/pec/21.79.412  

Figure 5
A Sample Calculation for the Problem

The students planned to collect an average of 9000 plastic bottles in case some of 
them might be unusable. Hence, they could differentiate the concept “recycle” from the one 
“reuse.” Moreover, the teachers fostered the students to discuss about the questions “How 
does such a playhouse made of plastic bottles impede environmental pollution?”, “How does 
it make a contribution to public health, natural life and national economy?”, “How does it 
minimize microplastics that threaten water creatures and human lives?” and “Which type (e.g., 
reuse, recycle, reuse) of waste management is more feasible for us and natural life cycles?” 
Hence, they had an opportunity to generate their own arguments and defend their reasons of 
environmental issues, i.e., environmental pollution, waste management, microplastics.  

The stage “transformation” guided the students to pose their advanced and transformable 
thinking skills of real-life issues. For example, the teachers used the following questions “How 
do environmentally friendly houses built by Andreas Froese or your designed playhouses protect 
nature?”, “How do they bring new insights and/or bright ideas for people?” and “Do you think 
your model has any minimal calculation deviation?”. Hence, the students could notice any 
difference/deviation between a theoretical calculation (that neglects such issues as flexibility of 
the plastic bottle and mortar thickness) and a real case. 

During the stage “evaluation,” the teachers encouraged the students to consider their 
learning processes of the interdisciplinary mathematical modeling and make their self-
assessments. Thereby, the students could evaluate many different designs and re-think about 
how the playhouse made of plastic bottles would contribute to environmental education/waste 
management. Finally, the teachers required the students to concisely outline their own problem-
solving processes/results and prepare their own reports (the stage “reporting”).

Research Results 

As seen from Table 1, the students’ dialogues appeared in 11 categories under three 
themes (protecting environment/nature, waste/save and informing society about environmental 
issues). Both of the groups emphasized the categories “pollution, protecting soil/livings, 
making a contribution to environmental protection, reusing, preferring a large-size plastic 
bottle, reducing consumption, and energy saving” while solving the problem “Building 
environmentally friendly constructions with plastic bottles.” Also, while Group 1 only referred 
to the categories “reducing the use of oil and global warming,” Group 2 solely dealt with the 
categories “giving a message and raising environmental awareness.”
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Table 1
A Summary of Environmental Categories and Themes Based on the Students’ Statements 

Themes Categories Sample statements Group 1 Group 2
Pr

ote
cti

ng
 en

vir
on

me
nt/

na
tur

e

Reducing the use 
of oil

By reducing the production amount of plastic, we 
are able to decrease the consumption of oil-based 
products/goods. For example, if half-liter of oil 
is used to produce a plastic bottle, a decrease 
in the production of plastic bottles reduces the 
consumption of oil. 



Pollution

…throwing away these plastic bottles randomly 
to the environment/nature, we result in visual 
pollution. By picking them up, we are able to 
prevent visual pollution.

 

Protecting soil/livings

Given the news of plastic bottles, their 
decomposition process takes about 4000 years. In 
this period, they damage soil and livings in the soil. 
By building a playhouse made of plastic bottles, we 
can minimize their negative effects/damages on 
nature and animals.

 

Global warming …the more plastic production decreases, the more 
global warming reduces too. 

Making a contribution 
to environmental 
protection

By building a playhouse made of plastic bottles at 
our own school, we will not only do a good job for 
younger children but also make a great contribution 
to environmental protection.

 

W
as

te/
Sa

ve

Reusing 

…when we build a playhouse made of plastic 
bottles for little children, we re-use them instead of 
throwing them into the bin. Thus, we can not only 
clean our environment/nature but also impede their 
adverse effect(s) on the nature.

 

Preferring a large-size 
plastic bottle

…if we use large-size plastic bottles, they can 
hinder the effect of hot air on the house [thermal 
insulation]. Thus, the houses will not be very hot 
alike those in African countries. Phrased differently, 
the climate and air of the houses [made of large-
size plastic bottles] will be better [than those with 
small-size plastic bottles].

 

Reducing 
consumption

…we can decrease the number of plastic bottles 
that pollute the nature. Further, we can contribute 
to save the nature by reducing the consumption of 
plastic bottles. Moreover, reducing the number of 
plastics bottles, which will be decomposed into the 
soil, will also increase the fertility of the soil.

 

Energy saving
…building the playhouse made of plastics bottles 
enables us to use minimal energy. That is, it results 
in energy saving.

 

Inf
or

mi
ng

 so
cie

ty 
ab

ou
t 

en
vir

on
me

nta
l is

su
es Giving a message This building gives an environmental message to 

the people, who see it. 

Raising environmental 
awareness

…if we build this playhouse made of plastic bottles 
to social areas [playland, garden, park], which 
people often visit, this building informs them 
about environmental issues and stimulates their 
environmental awareness of waste management.


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Discussion

As seen from Table 1, the students employed mathematical modeling and relevant 
environmental concepts/issues together while solving the problem. This means that the current 
research afforded them to intertwine mathematics with science/environmental education. This 
may be seen as an indicator of its applicability for seventh-grade students. Phrased differently, 
the research results indicated that the interdisciplinary mathematical modeling tended to support 
contextual learning (context-based learning) and higher-order thinking skills (e.g., problem 
solving, 21st century skills, mathematical thinking, reasoning abilities, creative thinking, 
and scientific literacy). Further, it challenged the abstractness and rote learning of school 
mathematics and science (Cedere et al., 2020; Davison et al. 1995; Doğan et al., 2019; Ültay 
& Çalik, 2016). Hence, it attempted to enhance the seventh-grade students’ familiarity with 
the interdisciplinary mathematical modeling and environmental issues. Since conventional/
procedural problem-solving habits are not enough to produce effective solutions for real-
life issues, the students seem to have noticed this inability during the implementation of the 
interdisciplinary mathematical modeling. This means that such an implementation cultivates 
the need, motivation, enthusiasm and curiosity of science and mathematics learning.    

Because the students actively engaged in a real-life problem (as the context), the 
interdisciplinary mathematical modeling not only stimulated their awareness of environmental 
issues but also encouraged them to behave responsibly towards their close environments. 
Moreover, through a “need-to-know” basis, it seems to have empowered their conceptual 
understanding/meaningful learning levels (Lesh et al., 2000; Özgen, 2013; Remijan, 2017). For 
example, the students had learned the concepts “re-use, pollution, environmental protection, 
energy saving, global warming and reducing” to think about their mathematical models 
and problem-solving strategies. That is, the interdisciplinary mathematical modeling not 
only afforded them to acquire the targeted environmental concepts/issues but also somewhat 
supported their arguments (see Table 1).  Moreover, given the themes and related categories 
(see Table 1), the students acted as responsible citizens for the environmental issue under 
investigation (e.g., Çalık, 2009; Çalik et al., 2014; Deveci & Karteri, 2021) and strived to 
use their learning capacities of scientific investigation, scientific communication, and scientific 
conceptualization (Çalik et al., 2014, 2015; Doğan et al., 2019). To sum up, interdisciplinary 
mathematical modeling, which purposes to intertwine different disciplines with each other, 
equips students with the 21st century skills such as inquiry, critical thinking, and innovative 
thinking. Further, because it enables students to associate content knowledge/conceptual 
understanding of any discipline with daily life issues, it also stimulates their interest in STEM 
career/education (Özgen, 2013; Remijan, 2017).

Conclusions and Implications

In light of the research results, it can be concluded that the interdisciplinary mathematical 
modeling, as an alternative pedagogical approach, is applicable for embedding relevant 
environmental concepts/issues within mathematical modeling. Further, it has a great potential 
at dealing with a common belief “science and mathematics come in useful at schools” since 
it advocates meaningful/context-based learning via real-life problems. Furthermore, the 
seventh-grade students’ awareness of the environmental issue (e.g., plastic bottles) and possible 
solutions can be viewed as an indicator of their environmental responsibilities. Lastly, it can 
be deduced that engaging in real-life problems through the interdisciplinary mathematical 
modeling challenges conventional/procedural problem-solving habits only concentrating on 
clear-cut, intangible and unrealistic solutions. 
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Even though the present research is part of an extensive project, it only presents the 
preliminary results of the problem “Building environmentally friendly constructions with 
plastic bottles.” This may be seen as a limitation of the current research. Further research 
should be undertaken to conduct the interdisciplinary mathematical modeling of such 
environmental issues as waste of water, wastepaper, thermal insulation. Similarly, although 
the students modeled their mathematical/mental solutions, they did not build a playhouse in 
their schools. This may be viewed as another limitation of the current research. For this reason, 
future research should enable students to build their own playhouses in their schools or social 
areas. Such a follow-up research may provide invaluable insights about their environmental 
awareness and environmental management. Because 6 students and 2 teachers participated in 
the current research, the interdisciplinary mathematical modeling ought to be tested with a 
larger sample or pre/post experimental research design. Since the current research illustrates an 
alternative pedagogy to integrate science/environmental education into mathematics, it may be 
used to facilitate dissemination and applicability of the STEM education.
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