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ABSTRACT

AN INVESTIGATION ON SEVENTH GRADE STUDENTS’
MATHEMATICAL AND ENVIRONMENTAL LEARNING RESIDUALS
IN MODEL-ELICITING ACTIVITIES

Baktemur, Gamze
Master of Science, Mathematics Education in Mathematics and Science Education
Supervisor : Assist. Prof. Dr. Serife Seving

June 2022, 161 pages

The purpose of the study was to examine 7" grade students’ learning residuals about
mathematics and environmental issues in model-eliciting activities that were
particularly designed to address environmental issues. The study was conducted
with fourteen 7" grade students from a public middle school in Istanbul in the
Spring semester of the 2020-2021 academic year. The participants were selected
through purposive and convenience sampling. A qualitative educational case study
was used as the design of the study. The data collection tools used in this study were
two model-eliciting activities, a post-activity participant form, audio and video
recordings of the implementation and a semi-structured interview conducted by
students individually. The data were analyzed using the content analysis method.
The findings of this study related to mathematical learning residuals showed that
the students developed and/or used powerful models with multiple mathematical
ideas. The findings of this study related to environmental learning residuals

indicated that the students raised awareness for (1) understanding the local



environmental situation and (2) developing action strategies for a sustainable future.
In the light of these findings, it was suggested that model-eliciting activities that
address environmental issues could be used for middle school students to teach
mathematics, transform mathematical ideas into real-life situations, and raise

awareness for environmental issues by integrating mathematics and science.

Keywords: Mathematical Modeling, Model-Eliciting Activities, Environmental

Education, Waste Management

Vi



0z

YEDINCI SINIF OGRENCILERININ MODELLEME
PROBLEMLERINDE MATEMATIKSEL VE CEVRESEL OGRENME
KALINTILARININ iNCELENMESI

Baktemur, Gamze
Yiiksek Lisans, Matematik Egitimi, Matematik ve Fen Bilimleri Egitimi
Tez Yoneticisi: Dr. Ogr. Uyesi Serife Seving

Haziran 2022, 161 sayfa

Arastirmanin amaci, 7. smif 6grencilerinin ¢evre sorunlarina yonelik modelleme
etkinliklerindeki matematik ve g¢evre sorunlari ile ilgili 6grenme kalintilarin
incelemektir. Calisma, 2020-2021 egitim-dgretim y1l1 bahar dsneminde Istanbul'da
bir devlet ortaokulunda Ogrenim goéren 14 yedinci smif O6grencisi ile
gerceklestirilmistir. Katilimeilar amacglhi ve kolay ulasilabilir 6rnekleme yoluyla
secilmistir. Aragtirmanin deseni olarak nitel bir egitsel durum caligsmasi
kullanilmigtir. Bu ¢alismada kullanilan veri toplama araglari, iki model olugturma
etkinligi, etkinlik sonras1 katilimci1 formu, ses ve video kayitlar1 ve 6grencilerle
bireysel yapilan yar1 yapilandirilmig gortismelerdir. Veriler igerik analizi ile analiz
edilmistir. Bu ¢alismanin matematiksel 6grenme kalintilari ile ilgili bulgular
ogrencilerin ¢oklu matematiksel fikirler igeren gii¢lii modeller kullanabildigini ya
da gelistirebildigini gostermistir. Bu ¢alismanin g¢evresel 6grenme kalintilari ile
ilgili bulgulart ise o6grencilerin (1) yerel ¢evre sorununu anlamak ve (2)
stirdiiriilebilir bir gelecek i¢in harekete gegcmek adina farkindalik olusturduklarini
gostermistir. Bu bulgular 15181nda, ortaokul 6grencilerine matematik 6gretmek ve

matematiksel fikirleri gercek yasam durumlarina doniistirmek igin ¢evre
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sorunlarina yonelik modelleme etkinliklerinin kullanilabilecegi ve matematigi fen
bilimleri ile biitiinlestirerek ¢evre sorunlarina yonelik farkindalik yaratmasi

Onerilmistir.

Anahtar Kelimeler: Matematiksel Modelleme, Modelleme Problemleri, Cevre

Egitimi, Atik Yonetimi
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CHAPTER 1

INTRODUCTION

National Council of Teachers of Mathematics [NCTM] (2000) published Principles
and Standards for School Mathematics, which is a guide to develop students’
mathematical skills. Principles and Standards for School Mathematics include six
principals (i.e. equity, curriculum, teaching, learning, assessment and technology),
five content standards (i.e. number & operations, algebra, geometry, measurement
and data analysis & probability) and five process standards (i.e. problem solving,
reasoning & proof, communication, connections and representations) (NCTM,
2000). Problem-solving — one of the process standards — is defined as a tool that
improves students’ mathematical skills (Van de Walle et al., 2013). Problem-
solving is essential for doing mathematics, and it is a part of the mathematics
curriculum (NCTM, 2000). Students can solve problems in real-life with the help
of problem-solving processes experienced in the classroom (NCTM, 2000). To do
this, they can implement problem-solving situations to a new situation (Midgett &
Eddins, 2001). In addition, students learn new mathematical knowledge through
problem-solving (Midgett & Eddins, 2001). In Turkey, the mathematics curriculum
aims to enable students to acquire mathematical thinking and reasoning skills in the

process of problem-solving (Ministry of National Education [MoNE], 2018).

The nature of mathematics in terms of problem-solving has significantly changed
over the past 50 years (Lesh & Zawojevski, 2007). It is necessary to adopt a new
perspective for problem-solving which should go beyond the school curriculum
because of the changes in the nature of mathematics (Lesh & Zawojevski, 2007).

Mathematical modeling has been regarded as a new mathematics education



approach for all grade levels over the last two decades (Erbas et al., 2014).
Mathematical modeling provides students with problem-solving opportunities
based on real-world situations (Asempapa, 2015) and develops their analytic
thinking skills (Erbas et al., 2014). Although modeling is not one of the content
standards of the NCTM (2000), it should be combined with other contents of the
curriculum. In Turkey, the mathematics curriculum aims to help students gain
mathematical competence which develops a way of mathematical thinking used to
solve daily-life problems, and includes usage of representations such as models
(MoNE, 2018). Thus, use of mathematical modeling in mathematics lessons is

necessary.

There are different mathematical modeling perspectives in mathematics education
(Kaiser & Sriraman, 2006). One of them is Models and Modeling Perspective
(MMP) (Lesh & Doerr, 2003). MMP is a new approach including mathematical
teaching, learning and problem-solving based on the constructivist and socio-
cultural view (Lesh & Doerr, 2003). Students organize, interpret and explain the
meaning of real-life problems using models constructed by them in the MMP (Erbas
et al., 2014). Moreover, students express, test and revise their own models and
solutions during the problem solving-process in this perspective (Lesh &
Zawojevski, 2007). In the MMP, problem solvers are model developers and

information processors (Lesh & Yoon, 2007).

Model-eliciting activities (MEASs) are developed for the MMP (Doerr & Lesh,
2011). MEA:s are real-world client-driven open-ended problems on which students
work in groups of 3 or 4, and these activities last approximately 60-90 minutes
(Doerr & Lesh, 2011; Hamilton et al., 2008; Lesh et al., 2003; Maiorca &
Stohlmann, 2016). MEAs are developed to elicit students’ initial understanding of
a given situation (Doerr et al., 2017). In the MEAs, the aim is to develop a shareable
and usable model originated from a given situation (Lesh & Lehrer, 2003; Lesh &

Zawojevski, 2007). MEAs enable students to develop mathematical concepts



through real-world examples (Moore et al., 2015). In addition, these activities
enable students to express, test and revise their way of mathematical thinking during
the process (Doerr et al., 2017; Lesh et al., 2003).

Mathematical modeling includes real-life context, and it has an interdisciplinary
aspect (Lesh & Doerr, 2003). Mathematical modeling - specifically MEAs - can be
integrated with other disciplines because of the interdisciplinary aspect. In the 21%
century, innovation is important for the sustainable economic growth of nations
(Corlu et al., 2014), and education is essential for innovation (Organisation for
Economic Cooperation and Development [OECD], 2010). Integrating
interdisciplinary knowledge and performing complex problem-solving are pointed
out in education for innovation (OECD, 2010). At that point, STEM education is
needed for innovation. STEM represents four areas of science, technology,
engineering and mathematics (White, 2014). Integrated STEM education is defined
as combination of the concepts of mathematics and/or science with the concepts of
engineering and technology (Sanders & Wells, 2006). STEM education forms
connections between STEM disciplines and other disciplines, thus improving
students’ learning in STEM areas and other curriculum-related areas (Gallant,
2010). Furthermore, integrated STEM education motivates students for lessons, and
their interest in STEM careers is increased with the help of this education (Gallant,
2010). Moreover, STEM-educated students are problem solvers, innovators, logical
thinkers and technologically literate (Morrison, 2006). One of the STEM skills is
problem-solving (West, 2012). As aforementioned, mathematical modeling
incorporates real-world problem-solving processes that include other disciplines in
a way that is similar to the interdisciplinary aspect of STEM education. Also, in the
STEM there are some key elements called models (Hallstrom & Schonborn, 2019).
Therefore, mathematical modeling activities were suggested to be used in STEM
education for teaching mathematics from primary school to higher education
(Tezer, 2019).



Environmental education, which is related to science, can be accepted as one of the
STEM disciplines. Environmental education is necessary for raising students’
awareness of the environment, and this awareness is raised by integrating
environmental knowledge into lessons through other disciplines (Jianguo, 2004).
Environmental learning is learning of a variety of environment-related contents like
waste management through various tasks and experiences (Rickinson et al, 2009).
The aim of environmental learning is “raising awareness, prompting conceptual or
behavioral change, promoting moral understanding and developing metacognitive
skills” and “to enhance students’ knowledge and critical thinking about the
environment and society so as to enable them to participate and take action as both
local and global citizens, voters, and consumers” (Rickinson et al, 2009, p. 19-20).
Environmental learning should be provided to students in both science lessons and
other lessons in an interdisciplinary way to achieve these goals. Mathematics
education which is seen as an extensive school subject can be beneficial for
environmental education to prepare people for tomorrow (Barwell, 2018).
Therefore, environmental issues should be included in mathematics lessons so that
students gain awareness related to environmental problems while learning

mathematics at the same time.

Mathematical modeling should be integrated into mathematics education to develop
students’ critical thinking and problem-solving skills regardless of which
perspective is used (Erbas et al., 2014). Besides, there are many environmental
problems in today’s world, and most of the students are unaware of these issues.
Integrating environmental issues into mathematical modeling problems can be
beneficial for students to raise their awareness — to understand or realize the
problems and to take actions for a sustainable future. When related literature was
reviewed, it was seen that there were many studies related to middle school
students’ modeling processes, solutions, mathematical models with multiple
mathematical concepts, experiences or difficulties in model-eliciting activities
(Aliprantis & Carmona, 2003; Chan, 2008; Dedebas, 2017; Deniz & Kurt, 2021;



Eraslan & Kant, 2015; Hidiroglu & Ozkan Hidiroglu, 2017; Inan Tutkun & Didis
Kabar, 2018; Lesh & Carmona, 2003; McClain, 2003; Mousoulides et al., 2007;
Mousoulides & English, 2011). Still, I have not encountered any study particularly
focusing on examining middle school students’ mathematical and environmental
learning residuals in model-eliciting activities. It is important to focus on
mathematical learning residuals since teachers can see how students adapt the
mathematical topics that they have learned to daily life situations. Apart from
mathematical learning residuals, it is important to focus on learning residuals of
other disciplines by integrating different disciplines with mathematics. In the
present study, environmental issues were used as learning residuals of other
disciplines. Furthermore, it is beneficial to associate modeling problems with
environmental issues since students can realize these issues and think of what they
can do individually or collaboratively about these issues by integrating them into
modeling problems. Therefore, the present study was planned to investigate 7"
grade students’ mathematical and environmental learning residuals in model-
eliciting activities that were designed to address a particular environmental issue -

waste management.

1.1  Purpose and Research Questions of the Study

The purpose of this study was to examine 7" grade students’ learning residuals
about mathematics and environmental issues in model-eliciting activities that were
designed to address a particular environmental issue - waste management.

Specifically, this study was conducted to answer the following research question(s).

1. What are the learning residuals of modeling activities that address

environmental issues?

1.1. What do 7' grade students learn about mathematics when they engage
in modeling activities that address an environmental issue (i.e., waste

management)?



1.2. What do 7" grade students learn about environmental issues when they
engage in modeling activities that address an environmental issue (i.e.,

waste management)?

1.2 Significance of the Study

There are some studies conducted in Turkey that examine middle school students’
modeling processes, solutions, mathematical models with multiple mathematical
concepts, experiences or difficulties in model-eliciting activities (e.g., Dedebas,
2017; Deniz & Kurt, 2021; Hidiroglu & Ozkan Hidiroglu, 2017; Inan Tutkun &
Didis Kabar, 2018). Particularly, one study was conducted to examine how 7" grade
students intertwine mathematical modeling with waste management, which is an
environmental problem (Giirbiiz & Calik, 2021). In their study, although they did
not focus on students’ learning residuals about environmental issues specifically,
they found that the interdisciplinary modeling problem raised students’ awareness
and affected their thoughts related to their responsibilities towards the environment.
However, related research is limited in the accessible literature since there is no
study particularly focused on middle school students’ learning residuals about
mathematics and environmental issues. Therefore, this study is expected to
contribute to the related literature by investigating 7"" grade students’ mathematical
and environmental learning residuals in model-eliciting activities that were

designed to address an environmental issue - waste management.

Moreover, it is significant for a researcher to study learning residuals of students
since if learning residuals are not identified, a teacher would not understand what
kind of knowledge and skills students have gained through activities. In addition, a
teacher would not know what is missing, and what needs to be improved in the
activity. Therefore, it is significant to know learning residuals to understand higher-
level thinking of students, deepen the learning experience of students, and pursue

these residuals to understand how learning experiences might develop.



Besides the contribution to the related literature, this study is significant for
mathematics teachers, mathematics teacher educators and textbook writers. This
study is noteworthy for mathematics teachers since it may inform teachers who
want to use MEAs in their lessons. This study may also be beneficial for
mathematics teacher educators since they may organize teacher training programs
based on these findings so that pre-service mathematics teachers may gain
awareness of the mathematical and environmental learning residuals of middle
school students. Turkish mathematics curriculum aims to help students gain
mathematical competence which means developing and applying mathematical
thinking to solve a range of problems encountered in daily life (MoNE, 2018). Thus,
the findings of this study is notable for textbook writers since they may add MEAs

to mathematics textbooks so that students may gain mathematical competence.

1.3 Definitions of Important Terms

Model: Models are conceptual systems that are stated by using various
representations such as oral language, symbols, graphs or metaphors in order to
identify or explain other systems (Lesh & Doerr, 2003). In this study, the structure

of students’ ways of solutions indicated students’ models in MEAs.

Mathematical Model: Mathematical models center on structural characteristics of
related systems (Lesh & Harel, 2003). In this study, students developed
mathematical models by transforming their ways of solutions into mathematics in
MEA:s.

Modeling: Modeling is the process of constructing a model of a situation (Lesh &
Doerr, 2003).

Mathematical Modeling: Mathematical modeling is the process of translating a

real-world situation into a mathematical model (Blum, 1993).



Models and Modeling Perspective (MMP): Models and modeling perspective is
one of the modeling perspectives where students express, test and revise
mathematical models during the problem-solving process (Lesh & Zawojevski,
2007).

Model-Eliciting Activities: Model-eliciting activities are problem solving
activities that are designed to use the models and modeling perspective (Erbas et
al., 2014; Lesh & Yoon, 2007). In this study, there are two MEAs that integrate

mathematics and science (related to an environmental issue of waste and trash).

STEM Education: STEM education is a problem-solving process that uses
concepts from mathematics and science by combining engineering and proper
technology (Shaughnessy, 2013).

Sustainability: Sustainability is to address today’s and future’s needs together, and
it is related to how present decisions will affect the future (Chichilnisky, 2011). The
sustainability issues in this study are waste and trash issues.

Environmental Learning: Environmental learning is related to learning of
environment-related contents such as climate change through variety of experiences
(Rickinson et al, 2009).

Learning Residuals: Otter (1992) defined learning outcomes as learners’
knowledge that they gained at the end of learning experiences. In this study,
learning residuals are what students learn at the end of the model-eliciting activities
that address environmental issues, which are used as the learning outcomes of the

study.

Mathematical Learning Residuals: In this study, mathematical learning residuals

are the mathematical topics or contexts that students used in two MEAs.

Environmental Learning Residuals: In this study, environmental learning
residuals are what students understand related to an environmental situation of
waste management and what students think about the actions and precautions

related to this environmental situation.



1.4 My Motivation to Conduct the Study

When | was a junior student in my undergraduate program, | took an elective course
related to mathematical modeling. Therebefore, | had not known what mathematical
modeling was, what kind of attributes modeling problems should have, or how I
could solve these problems. At the beginning of the course, | thought that these
problems were hard, and | could not use them for middle school students. However,
at the end of the course, after experiencing different modeling problems, my
opinions changed. | thought that mathematics teachers should integrate modeling
problems into their lessons since according to my experience, these problems do
not have a strict way of solution or result, they attract students’ attention to the

lesson, and develop students’ mathematical thinking and reasoning.

However, when | was a senior student in my undergraduate program, | did not see
any teachers who used modeling activities or any non-routine problems in the
internship period. When we shared our internship experiences with our friends, |
realized that most of the middle school students had no idea about mathematical
modeling or model-eliciting activities. Thus, in my master thesis, | decided to
research middle school students’ experiences with modeling activities. Then, with
the encouragement of my thesis supervisor, | decided to study 7*" grade students’
learning residuals about mathematics and environmental issues in model-eliciting
activities that address environmental issues. | expect that this study may guide
mathematics teachers and mathematics teacher educators. The mathematics
teachers who read the findings of this study can have some ideas about the usage of
model-eliciting activities or integration of mathematics and environmental issues in
their lessons. The mathematics teacher educators can use the findings of this study,
replicate the study with different samples or different aspects of the topic, or

consider the findings in designing courses in teacher education programs.
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CHAPTER 2

LITERATURE REVIEW

The related literature was examined under seven sections which were mathematical
model and modeling, models and modeling perspective in mathematics education,
Model-Eliciting Activities (MEASs), STEM education, mathematics education and
environmental sustainability, studies related to mathematical modeling/MEAs and
STEM education, and studies related to mathematical modeling/MEAs and

environmental education.

2.1 Mathematical Model and Modeling

Models are conceptual systems which include relations or operations constructed to
explain other systems for making sense of situations, actions, or experiences that
involve mathematics (Lesh & Doerr, 2003). Models might include different kinds
of representations such as oral language, written symbols, graphs, metaphors or
schemas in order to identify other systems (Lesh & Harel, 2003). Models can be
used to comprehend complex situations that we encounter in real-life (Erbas et al.,
2014). Modeling is the process of constructing a model of a situation, and the main
purpose of the modeling is explaining a real-life situation or an event by means of
models involving mathematical reasoning (Lesh & Doerr, 2003).

Lesh and Doerr (2003, p.10) stated that “A mathematical model focuses on
structural characteristics (rather than, for example, physical or musical
characteristics) of the relevant systems.” If the real model is transformed into
mathematics, then it becomes the mathematical model of the existing situation

(Blum, 1993). Mathematical modeling is a process of constructing a model of a
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situation in related conceptual systems (Lesh & Doerr, 2003) or is the process of
translating a real-world situation into a mathematical model within the problem-
solving process (Blum, 1993). In other words, mathematical modeling builds a
bridge between real-life and mathematics so that a situation in real life can be
expressed mathematically (Blum, 1993; Lesh & Doerr, 2003).

Although general principle in mathematical modeling is forming connections
between real-life and mathematics, different modeling perspectives have emerged
over time depending on their subjects or theoretical backgrounds. Kaiser and
Sriraman (2006) developed five perspectives on modeling in mathematics
education. Below, the five perspectives are briefly explained.

1) Realistic (Applied) Modeling: The main aim of this perspective is to comprehend
the model and solve real-life problems. Tasks must be complex, realistic and
authentic. The theoretical background of this perspective is based on Pollak’s
pragmatic perspective. In addition, it puts emphasis on the usage of modeling

process and development of modeling competencies.

2) Contextual Modeling: The main aim of this perspective is to solve word
problems. Lesh and Doerr (2003) called this perspective “Models and Modeling
Perspective,” and according to Kaiser and Sriraman (2006), it is called “Model
Eliciting Perspective.” The theoretical background of this perspective is based on
information processes approaches. This perspective is different from educational
perspective because model-eliciting activities (MEAS) and models are important in

contextual modeling.

3) Educational Modeling: The main aim of this perspective is to learn mathematics
with the help of mathematical modeling tasks. The theoretical background of this
perspective is based on integrative perspective and scientific-humanistic approach.
Tasks are less complex than the tasks in the realistic modeling. This perspective is
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different from realistic modeling because it examines not only mathematical

modeling but also mathematical learning.

4) Socio-critical Modeling: This perspective puts emphasis on socio-cultural
aspects of mathematics. In other words, it is related to the role of mathematics in
society. The theoretical background of this perspective is based on emancipatory
perspective. This perspective is different from other perspectives because the main
goal is not to focus on mathematical competencies or understanding but to show the
power of mathematics and make decisions about society.

5) Epistemological Modeling: The main aim of this perspective is to promote theory
development for mathematical teaching and learning. The theoretical background
of this perspective is based on the scientific-humanistic perspective of early
Freudenthal. This perspective is different from other perspectives because ways of
modeling or ways of mathematization are prioritized in this perspective. However,

it is more important to mathematize real-world situations in other perspectives.

In the next section Models and Modeling Perspective was explained in detail since

theoretical framework of this study is based on this perspective.

2.2 Models and Modeling Perspective (MMP) in Mathematics Education

One of the modeling perspectives in mathematics education is Models and
Modeling Perspective (MMP). Lesh and Zawojevski (2007, p. 794) stated that the
aim is “to enhance students’ ability to use, extend, refine, and develop those
mathematical ideas that they do bring to bear on the problem they are solving” in
the MMP. A distinctive feature of MMP is that models should be expressed, tested

and revised in the problem-solving process (Lesh & Zawojevski, 2007).
Doerr and Lesh (2011) stated:

MMP research emphasizes that, before educators rush ahead to teach things,

more clarity is needed about: (a) what it means to “understand” the things

13



we want students to learn and (b) how the development of such

understandings can be measured and assessed (p. 249).

During the problem-solving process in the MMP, it is expected to occur changes in
how givens and goals are interpreted without being subject to a single path of
solution (Doerr & Lesh, 2011). In the MMP, researchers/teachers focus on
conceptual knowledge development or tool (model) development in order to give
information to students related to real-life decisions (Lesh & English, 2005). People
understand problems with the help of their cognitive models based on the models
and modeling perspective (Erbas et al., 2014). MMP includes multi-staged-studies:
(1) students engage in model-eliciting activities in the cycles of expressing, testing
and revision, (2) teachers engage in students’ model development activities in the
cycles of expressing, testing and revision and (3) researchers engage in students’
and teachers’ model development activities in the cycles of expressing, testing and

revision (Doerr & Lesh, 2011).

In the MMP, students are given a problem including a real-life context, and they try
to enhance a mathematical model (Lesh & Zawojevski, 2007). Thus, they can be
thought as model developers (Doerr & Lesh, 2011). It means that students learn
about both mathematical topics and problem-solving. The MMP enables students
with average ability to improve mathematically powerful models in order to explain
complex situations (Lesh & English, 2005). At the same time, the MMP develops
students’ creative thinking abilities (Dedebas, 2017). Moreover, students see

mathematics as a useful discipline for their daily-life.

2.2.1 Model Development Sequence in the MMP

Problem-solving process in the MMP includes a four-step modeling cycle (Lesh &

Doerr, 2003) which is demonstrated below in Figure 2.1. Description step includes
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mapping from real-world to the model world; the model is used to make predictions
for the problem situation in the manipulation step; in the translation step, findings
are transferred to real-word, and verification step is related to practicability of the

predictions that are made.

Description

-

Real World Model

Verification A : - ’ « Manipulation
e

By 4

Prediction

Figure 2.1 Modeling cycle (Lesh & Doerr, 2003, p.17)

Lesh et al. (2003) proposed an instructional model on the basis of the MMP. They
determined three hierarchical structurally related activities which are a model-
eliciting activity (MEA), a model-exploration activity (MXA) and a model-
adaptation activity (MAA). In each modeling activity - MEA, MXA and MAA —
the modeling cycle which is given above in Figure 2.1 occurs. In other words,
modeling cycle exists in each modeling activity. The general structure of these
sequences is represented below in Figure 2.2 This figure provides a model for how
modeling activities can be applied to mathematics instruction and how a model

development sequence can be enacted.
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AModel-Exploration
Activity

Figure 2.2 Model development sequence (Lesh & Doerr, 2003, p.17)

In the model development sequence, the first activity is a model-eliciting activity
(MEA) (Lesh et al., 2003). MEAs are designed to reveal students’ preliminary
thinking as to a given situation (Arlebick & Doerr, 2015). One or two class sections
are necessary to finish MEASs, and students engage in these activities in small
groups (Lesh et al., 2003). The MEA is followed by a model-exploration activity
(MXA). In the MXAs, the goal for students is to construct, use and experience “the
language and representation system” which may include tables, graphs, animations,
diagrams or algebraic representations (Arlebiack & Doerr, 2015; Lesh et al., 2003).
The MXA is followed by a model-adaptation activity (MAA). MAAs are also called
model-extension activities or model-application activities (Lesh et al., 2003). In
MAAs, the goal for students is to use their first model in a new situation (Arlebick
& Doerr, 2015). The sequence continues with a new MEA at the end of the model
development sequence. In brief, Doerr et al. (2017) explained these modeling
activities in such a way that MEAs reveal students’ initial thinking and models,
MXAs enable students to think as to the models that they revealed, and MAAS

provide students with the opportunity to apply their models to new situations.

Lesh et al. (2003, p. 56) stated for model development sequence that “it was

designed to be used in research, as well as in assessment or instruction”. It means
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that the sequence can be in different formats according to the purpose of use. Firstly,
model-eliciting activities can be used as an independent problem-solving
experience with warm-up and presentation (Lesh et al., 2003) which is represented
in Figure 2.3 below. The main aim is problem solving with a model-eliciting
activity. In this format, warm-up and presentation parts are not compulsory. It
means that only the model-eliciting activity with model construction can be used.
If these parts will be used, the process starts with the warm-up part, continues with
a model-eliciting activity, and ends with students’ presentations and discussions

related to their models and solutions in the activity.

. Presentation &

Figure 2.3 Model construction process (Lesh & Doerr, 2003, p.17)

Secondly, model-eliciting or model-adaptation activities can be used for
performance assessment (Lesh et al., 2003) as in Figure 2.4 below. The main aim
IS assessing students before or after a traditional unit of instruction using model-
eliciting or model-adaptation activities. In this format, warm-up and follow-up parts

are not compulsory.

(Pre-test) (Post-test)

Traditional Unit -
of Instruction

Construction ﬂ

Adaptation

Figure 2.4 Model adaptation process (Lesh & Doerr, 2003, p.17)

Thirdly, students can experience a complete model-development sequence with
MEA, MXA and MAA (Lesh et. al, 2003) which is demonstrated in Figure 2.5
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below. In a complete model-development sequence that is detailed version of Figure
2.2, materials (paper-based or computer-based) and resources (books etc.) might be
used during the process if necessary. The model-eliciting activity starts with a
warm-up activity and continues with presentations, discussions, reflections,
debriefing and follow-up activities. After the model-eliciting activity, the process
continues with a model-exploration activity, again with presentations, discussions,
reflections, debriefing and follow-up activities. After the model-exploration
activity, process continues with a model-adaptation activity again with
presentations, discussions, reflections, debriefing and follow-up activities. Lastly,
the process might be finish with discussion on the structural similarities of these

modeling activities.

Wa r!.rl.—tp C Follow-Up Activities P
Activity
Model-Eliciting ' Model-Exploration ' Model-Adaptation

Activity Activity Activity I

Discussion
about
Structural
Similarity

Presentations Reflection
& Discussions & Debriefing

On-Line Readv-When-You-Need-It “How To” Tool Kit

Other High Qualitv Resources (reference hooks, etc.)

Figure 2.5 Detailed model development sequence (Lesh et al., 2003, p.57)

In the next section, the model-eliciting activities (MEAS) — principles, structural
components and implementation procedure — will be explained in detail since

MEAs are used as the main data collection instrument in this study.
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2.3 Model-Eliciting Activities (MEAS)

Special types of problems which are called model-eliciting activities (MEAS) were
designed and used in the models and modeling perspective (Erbas et al., 2014).
Model-eliciting activities are problems including a model that is revealed, and
students state their solutions for the problems by testing and revising their models
again and again (Lesh & Yoon, 2007). According to Lesh and Doerr (2003, p.3),
model-eliciting activities “involve sharable manipulatable, modifiable, and reusable
conceptual tools (e.g. models) for constructing, describing explaining,
manipulating, predicting or controlling mathematically significant systems”.
Model-eliciting activities are purposive problems, and models that students try to
develop are significant for MEAs (Lesh & Caylor, 2007). Model-eliciting activities
are client-driven, complex, interdisciplinary, well-structured, non-routine problems
that include real-life situations. Students work on these problems with in small
groups of 3-5 students, and there can be more than one suitable solution for these
problems (Chamberlin & Moon, 2005; Lesh et al., 2002; Wessels, 2014).

Model-eliciting activities are different from traditional perspective in terms of the
nature of the problem, nature of mathematics, nature of mathematics teaching and
nature of mathematics learning. The nature of the problem is different in MEAS
because they contain a series of modeling cycles to express, test and revise an
existing situation; tool development is necessary in MEASs; and the tools (models)
should be reusable, modifiable and sharable (Lesh & Harel, 2003). Moreover,
MEAs are more complex and realistic and include more mathematical concepts than
traditional word problems (Moore et al., 2015). The nature of mathematics is
different because knowledge is described by using definitions, facts or skills in the
traditional perspective but it is constructed, described or explained by using
mathematical models in the modeling perspective (Lesh & Doerr, 2003). The nature
of mathematics teaching is different because teachers teach topics by showing facts

or rules, observing student practices and correcting their misconceptions in the
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traditional perspective (Lesh & Doerr, 2003). However, according to Zawojewski
et al. (2003, p. 353), roles of the teacher in model-eliciting activities are “to create
the need for students to create significant models” and “to provide opportunities for
groups to engage in multiple cycles of expressing, testing and refining their problem
interpretations”. Lastly, the nature of mathematics learning is different because
students learn topics by simply linking rules in the traditional perspective. On the
other hand, they learn topics by integrating, differentiating or refining in the

modeling perspective (Lesh & Doerr, 2003).

Usage of MEASs in mathematics lessons is important for both students and teachers.
Its importance for students is that MEAS give students a chance to solve complex
real-world problems by developing a mathematical model or to construct
mathematical knowledge by exploration (Lesh & Doerr, 2003; Lesh & Caylor,
2007). In other words, MEAs improve students’ understanding of significant
mathematical concepts (Moore et al., 2015). Its importance for teachers is that
MEAs give teachers a chance to understand students’ mathematical thinking
(Chamberlin & Moon, 2005).

2.3.1 Principles of Model Eliciting Activities (MEAS)

There are six principles that are important for developing model-eliciting activities
(Moore, 2008). Model-eliciting activities should have planned learning goals with
the help of these principles (Chamberlin & Moon, 2005). Below, the six principles
are briefly explained (Chamberlin & Moon, 2005; Doerr et al., 2017; Lesh et al.,
2003).

1) Reality: Ensures that scenarios of the MEAs are realistic and taken from real-
life.
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2) Model Construction: Ensures that the model is constructed, modified, extended,
and refined, and MEAs include describing, explaining, manipulating, predicting or

controlling some other systems.

3) Model Documentation: Ensures that students show their thinking process for the

given situation, and write down their process technically.

4) Generalizability: Ensures that the model is re-usable, sharable and modifiable.

In other words, the model should be used in other similar situations.

5) Self- Assessment: Ensures that students are able to evaluate their solutions by

themselves.

6) Simple Prototype: Ensures that a given situation or problem is understandable

and simple enough but a significant model is required.

2.3.2 Structural Components of Model-Eliciting Activities (MEAS)

An MEA consists of four parts which are the reading passage part, readiness
question part, data part and problem-solving part respectively (Chamberlin &
Moon, 2005). In the first part — reading passage part — students are given short
attractive newspaper article(s) related to the problem statement. In the second part
—readiness question part — students try to answer five or six simple questions related
to the reading passage. These questions are prepared to understand students’ ability
to comprehend the reading passage. In the third part — data part — students are given
data which can be in any form such as tables, graphs or charts. The data section is
related to the readiness question part and used in the problem-solving part. In the
last part — problem-solving part — students are given an MEA which is a complex
non-routine problem-solving task, and they try to solve this problem for an
imaginary client. An example of an MEA — Summer Reading — taken from the
Model-Eliciting Activities (MEASs) Library website of University of Nevada,
College of Education is given below, and each part is shown in Figure 2.6, 2.7, 2.8

and 2.9 respectively.
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Summer Excitement Strikes the Library

Muorgantown- While a long, hot summer
may be ahead, the Morgantown Public
Library is offering a chance far its
yaunger palrons to stay eool. The annual
summer reading program, this year titled
“Reading is Radical” will afficially sty at
st an June 10 in the Beatrice Reading
Room. Mayor Caral Hathaaway will kickofl
the program by reading a baok to local
elementary schoal students.

The library is celebrating the 25t
year of the summer reading program.
This program, which was started by three
schoalteachers in the 19708, his
blossomed. Students alall ages
participate annually. Over the years,
several people fram the community have
taken part in i

Students participating in the
conbest choose fram an appraved
collection all books. The approved hoaks
hawee been classified by grade bevel,
difficulty of the book, length, and genre.
Students may resd any of the boaks,
regardless of their current grade bevel Al
Morgantown students may sign up o
participate in the program throughout the
sumimer. Each student will receive a
special library card to use when they sign
out boaks far the program.

Each school has teamed up with
thee library to award prizes. In hanar of
the program’s 254 year, the Morgantown
Middle School Parent Teacher
Organkzation will be awarding a five
hundred dollar college scholarship to the
overall winner. Numserous other prizes
such as T-shirts, meals fram local

restaurants, compuler programs, and
bakes are available for sach grade level
winner.

The contest beging on June 15t and
ends August 12th to give the arganizers
time to tabulate the points. Typically,
tabulating the point totals and selecting
the winmers has taken a long time, 5o
winners usually are not announced until
early September. This has caused
participation in the program to drop
sgnificantly in the last four years
Margaret Scott, the program director,
mentioned that this year they woubd try
by anpounce the winners mch earlier.

Ready to go: The books are all shehed at
the Margantown Public Librany.
Participating students can chooge from
ower 250 books for this year's sumner

reading program.

Figure 2.6 Reading passage part

As can be seen from the above figure, there is a one-page article related to Summer
Reading MEA. The aim of this part is to attract students’ attention to the context of
the MEA.
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Summer Reading Program Readiness Questions

Rizad the artscle and the tables 1o answer the following questions

Whienas the program®?

Why do the kcal ludems participate i the program?

What 15 special about the program this vear?

Should a student receive the same number of paints lor The Tedl-Tale Heart and Eoll

ol Thunder, Hear My Cry? Why or whiy mot?

I a sixth grader and a ninth grader both read 4 Tale ol T Cities, should they bath

esarn the Same number of paints? Why or why not?

6. Hastudent reads Jursssic Park and Much Ado About Bothing should the student get
the same number of points bor each? Why or why not?

7. Drew read The Tell-Tale Heart and Boll of Thuader, Hear My Cry. Should he reczive
the same number of peints bor each book? Why or why not?

8. Masixth grader and a ninth grader both read A Tale al Twa Cities, should they bath
esarn the same number of points? Why or why not?

9. M Shelly reads Jurasgic Park and Much Ado About Nothing, should she get the same
number af points for each?

10, Mark resd Home Run Hero and The Scarfet Letter. Should Mark réeceive the samse

number af points for both boaoks?

e

L

Figure 2.7 Readiness questions part

In the readiness questions part, students are expected to answer short
comprehension, inference or interpretation questions related to reading passage. In
Figure 2.7, there are ten short questions based on the article related to summer

reading program.
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EXAMFLES OF AFFROVED BOOKS

TITLE AUTHOR READING LEVEL PAGES
BY GRAINE]
Sarah, Flain and Tall Panricia MacLachlin 5B
dreYou There God? 105 ke Margaret Juidy Blame 14%
Tha Sign ol ihe Beaver Elizabeth George 135
Spear
Awesome Athleies Multiple Authors 5 2BE
Star Wars Jedl Apprentics: Death of Hope Judse Watsion 5 152
Encyckapedia Brown and thie Case ol Pablo's Danald |. Sohol 5 Hi
Mose
Gt Real Francine Pascal, 6 144
[Sweet Valley Jr. High, o) lamic Suxanne
Roll of Thander, Hear My Cry Mildred Taylor 6 276
The Tedl-Take Hiart Edgar Allan Poe b [iT!
Talking Bout Friends Multiple Authors B gl
Harry Porber amd the Gobdet of Fire |- K- Rowling T T34
Litcle Womsen Loiza Mae Alooar e ABE
The Scarket Letzor Kachaniel Hawthearne 7 202
Home Run Hero: Samimy 5asa Bill Gutman 7 144
Left Behind The Kids: iscovering New Bolievers I [enkins, T. Lahaye E 14&
Afershock Hane Williams, B 208
I5weet Valley High) Francime Fascal
Jurassic Park Michae! Crichion B a0
Keeping the Moon Sarah Dessen B 228
I My Hanads: Memaries of 3 Holocaust Resose Irene Gut Opdyke B 248
ATale of Two Ciies Charkes Dickens 9 284
Liord of the Flies William Gadding | 1E4

Figure 2.8 Data part

From the Figure 2.8, the data part includes data related to titles, authors, grade levels

and pages of approved books for the Summer Reading MEA. That part is used in

the next part — problem-solving part.
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Summer Reading Program

Infermatien: The Morgantown Puble Library and Morgantown Middle School are teaming up
1o provide some of the prizes for the "Reading 15 Radscal” summer reading conlest. Participating
Morgantown Middle School students m grades 6% wall read books and prepare wntlen reports
ahout each book o collect pomnls and win prizes. The winner of each grade bevel wall be the
student who has earned the most readmg poinits. The overall winper will be the student tha
eamed the mosd pomts. A collection of approved books has already been selected. See the
previous page for a sample of thes collecton.

Students who enroll i the program often read between len and twenly books over the
summer. The conbest commultee s irying b hgure oul a Bar way 10 assign pomis o exch
student. Margaret Scolt, the program director, sad, “Whatever procedure 15 used, we wanl 1o
take imbo account (2) the number of books, (b) the vanety of the books, (c) the diffsculty of the
books, (d) the lengths of the books, and (€] the quality of the wnlten reparts,

Mole: The students are gaven grades of A, A, As, B+, B, B=, C#, C, C., ), or F lior the
qualnty of their werlten reports

Your Mission ...

Create a system lor assigning points based on the requirements listed above. The
system should be one that will allow the organizers W quickly and accurately assign and
Labulate the points for @ach studént that participates. Next, writé a letter to Margaret Scott
explaining how your System works. M Scott hopes bo lind a system that will replace the
current one. Please be clear and complete in your explanation.

Figure 2.9 Problem-solving part

Last part — problem-solving part — of the Summer Reading MEA includes
information related to problem and students’ assignment to solve it as seen in Figure
2.9. In the next sub-section, implementation procedure of model-eliciting activities

(MEAs) whose structural components were given above will be explained in detail.

2.3.3 Implementation Procedure of Model-Eliciting Activities (MEAS)

Implementation procedure of MEASs consists of three parts: warm-up, modeling
process and follow-up (Lesh et al., 2003). In the warm-up part, a reading passage
(i.e. one-page newspaper article) and readiness questions which include five or six
questions are implemented in order to attract students’ attention and prepare them
for the MEA. The time for warm-up part is approximately 10-15 minutes (Maiorca

& Stohlman, 2016). Reading passage section can be carried out as an in-class or
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out-of-class activity, and students answer readiness questions in the class (Coxbill
etal., 2013).

In the modeling part, students work with the modeling problem collaboratively by
expressing, testing and revising their models (Coxbill et al., 2013). According to
Zawojewski et al. (2003), groups should include three or four students, be
determined by the teacher, and be selected heterogeneously. One copy of the MEA
should be given to each student or each group, and then sufficient time -
approximately 5 minutes - should be given to read the MEA (Zawojewski et al.,
2003). The teacher should make sure that every student understands the problem
situation. Then, groups work with the MEA during two or three class periods -
approximately 60-90 minutes (Coxbill et al., 2013; Doerr & Lesh, 2011; Lesh et al.,
2003). Teachers should listen and observe students to understand their
mathematical thinking during the modeling part (Zawojewski et al., 2003). In
addition, students are expected to record their work before the modeling part is
completed (Coxbill et al., 2013), and they generally write two-page letters for an

imaginary client (Lesh et al., 2003).

In the follow-up part, groups share their models in the class (Dedebas, 2017),
compare and discuss their models or solutions with other groups’ solutions, make
revisions, and express the modeling process or mathematical topics that they used
(Maiorca & Stohlman, 2016). After the discussion, reflection or follow-up activities
can be carried out. Reflection activities include short questions related to group or
individual work so that students express/evaluate their feelings, attitudes or
behaviors (Lesh et al., 2003). Furthermore, teachers prepare follow-up activities
including a number of textbook problems so that students can see the connections

between the model-eliciting activity and traditional activities (Lesh et al., 2003).
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2.4 STEM Education

STEM is the acronym of four fields which are Science, Technology, Engineering
and Mathematics (Fitzallen, 2015; Marrero et al., 2014). There is no consensus as
to the definition of STEM education, and its definition may change based on
different perspectives (Breiner et al., 2012; Martin-Paez et al., 2019; Zhou, 2010).
To illustrate, according to the educational perspective, modern view of STEM
education incorporates the fields of science, technology, engineering and
mathematics under a single unit (Breiner et al., 2012). STEM education is the
teaching/learning of two or more STEM fields or teaching/learning of one STEM
field with one or more disciplines apart from STEM fields (Sanders, 2009). STEM
can be defined as “pursuit of innovation” (Watson & Watson, 2013, p.1). STEM
education involves a problem-solving process which benefits from concepts or
methods used in science and mathematics by combining them with proper
technology and engineering (Shaughnessy, 2013). According to another definition
made by President’s Council of Advisors on Science and Technology [PCAST]
(2010), STEM is a learning environment in which students study with real-life

contexts through discovery.

STEM education involves teaching and learning experiences in the four fields and
contains both formal and informal activities for students from pre-school to post-
doctorate (Gonzalez & Kuenzi, 2012). STEM teaching and learning include realistic
contexts to meet human needs innovatively (Merrill, 2009). STEM learning is the
combination of several contents to solve interdisciplinary real-life problems, and
STEM teaching includes experiences like problem-solving or logical reasoning that
students engage in to acquire STEM learning (Martin-Paez et al., 2019). In addition,
Martin-Paez et al. (2019) stated that students enhance their STEM proficiency with

these experiences of problem-solving or logical reasoning.
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The concept of integration in STEM education is significant since science,
technology, engineering and mathematics are taught as integrated disciplines
(Breiner et al., 2012). Bryan et al. (2015) defined integrated STEM education in
such a way that concepts in science and/or mathematics are taught and learnt with
the integration of technology and engineering. STEM integration can be in different
forms such as integrating two (i.e. engineering and math) or three disciplines, or
integrating four disciplines by overlapping (Bybee, 2013). According to Smith and
Karr-Kidwell (2000), the aim of integrated STEM education is integrating
disciplines so that learners learn topics in a meaningful way and form connections

between the topics.

Recently, the scope of the STEM is extending (Kaya & Elster, 2019), and thus new
STEM areas are emerging. For instance, E-STEM that suggests an integration of
environment into other STEM areas is one of the emerging versions of STEM
approach (Helvact & Helvaci, 2019). E-STEM approach is studied “by using the
environment as physical context, a conceptual topic, or both, to stimulate
knowledge of natural systems, while developing problem solvers equipped to tackle
ecological challenges.” (Gupta et al., 2018, p. 229). E-STEM tries to solve
environmental issues with STEM — in an interdisciplinary way (Kaya & Elster,
2019). In other words, in the E-STEM activities, students realize environmental
problems while engaging in problem solving, raise their awareness and take actions
related to these problems (NAAEE, 2013).

There are several benefits of STEM education. For instance, STEM education may
inspire students to choose careers related to STEM such as chemical engineering,
aerospace or architecture (Egli, 2012). It improves students’ use of technology and
necessary 21% century skills of communication, problem-solving or self-
management to help them become better decision-makers (Bybee, 2010). Students
can solve the problems that they encounter in their lives by the virtue of STEM
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education (Yildirim, 2017). It affects students’ motivation in lessons positively and
makes lessons more attractive (Niess, 2005). STEM areas need creativity (Marrero
et al., 2014) and therefore, STEM education improves students’ creativity. STEM
education is not only important for students but also for countries. Countries need
to be powerful in the fields of technology, economy and science (Sahin, 2019).
Mathematical modeling activities are found to support STEM education in terms of
addressing different disciplines and present realistic problem situations (English,
2017). Therefore, studies related to mathematical modeling and STEM are

explained in detail in the following pages.

2.5  Mathematics Education and Environmental Sustainability

There are several definitions of sustainability, and there is no universal definition
that is accepted (Hamilton & Pfaff, 2014). Sustainability is to continue welfare for
a long time (Heinberg & Lerch, 2010; Kuhlman & Farrington, 2010). According to
Chichilnisky (2011), sustainability is to address today’s and future’s needs together

or it is related to how present decisions will affect the future.

Mathematics allows integration to maintain sustainability (Petocz & Reid, 2003)
and incorporating sustainability into the teaching process is significant (Hamilton
& Pfaff, 2014). Five learning objectives may be included in the curricula of most
of the courses to teach sustainability (Hamilton et al., 2010). These objectives are
listed below (Hamilton & Pfaff, 2014):

(1) Teach ina context. Include sustainability-oriented content and introduce
“global realities” (p. 7)

(2) Include real-life place-based examples (p. 8)

(3) Emphasize “designing the future”. Teach the tools of complexity,
systems thinking and design thinking (p. 13)
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(4) Explicitly recognize the ethical and affective (moods, feelings, attitudes
etc.) aspects of the issues that are raised (p. 14)
(5) Teach specific skills that empower students to become the catalysts and

leaders of change (p. 14)

To give an example of these objectives from mathematics education based on the
first objective and second objective, mathematics teachers can select problems from
real-life environmental issues, or based on the fourth objective, teachers may use
data tables, for instance data showing the amount of sea ice in statistics lessons to
increase awareness of students with regard to climate change (Hamilton & Pfaff,
2014).

Mathematics education is necessary for environmental sustainability since
mathematics is needed to understand environmental problems such as pollution or
climate change (Coles et al., 2013). Furthermore, citizens can attend debates on
future problems or changes by the virtue of mathematics education (Barwell, 2018).
Statistical literacy and mathematical modeling enable students to understand and
interpret environmental problems by studying with real data and various
representations (Barwell, 2018). To illustrate, climate change, which is one of
today’s serious problems, is described by using statistical concepts such as means
or its future effects can be predicted with the help of mathematical modeling
(Barwell, 2013). Moreover, Barwell (2013) stated that mathematical literacy or
statistical literacy can be used for communication of climate change in such a way
that data or graphs about global temperature changes are interpreted with statistical

literacy.

Mathematics contributes to sustainability development in such a way that
mathematics is a human activity, and knowing this promotes sustainable

development (UNESCO, 2017). Generalizations and abstractions are powerful
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mathematical tools to make future predictions related to the needs of governments
on environmental subjects (UNESCO, 2017). Mathematics enables us to make
decisions on specific topics; number, operation or measuring systems and symbols
address the needs related to sustainability (UNESCO, 2017). In addition,
mathematical modeling may be used to reduce waste, maximize profit or predict
energy efficiency (UNESCO, 2017) or may be used to examine the sustainability
of biological populations (Petocz & Reid, 2003). In short, as stated by UNESCO
(2017, p. 39) “mathematics is a tool for sustainable development”. Therefore,
environmental learning, which means learning of a variety of contents related to
environment like ecosystems, waste management or climate change (Rickinson et
al., 2009), should be integrated into mathematics lessons which we aimed to
accomplish, in this study, by integrating one of these issues — waste management -

into model-eliciting activities.

2.6 Studies Related to Mathematical Modeling/Model-Eliciting Activities
and STEM Education

There are several studies related to mathematical modeling/model-eliciting
activities and STEM education (Baker & Galanti, 2017; Baker et al., 2019; Giider
& Giirbiiz, 2018; Stohlmann et al., 2013; Suh & Han, 2019). In some of these
studies, the researchers focused on the statement, “MEAs as a tool for STEM
education” (Baker & Galanti, 2017; Baker et al., 2019; Gilider & Giirbiiz, 2018). To
begin with, Baker and Galanti (2017) conducted a design-based implementation
research to examine how their design decisions provided an opportunity for K-6
mathematics teachers to think of model-eliciting activities as a vehicle for STEM
education. The study was conducted with four classroom teachers, three
mathematics coaches, one elementary mathematics interventionist, one middle
grade special educator and the division math supervisor. Daily writing reflections,
discussions, Teacher Efficacy and Attitudes toward STEM Survey for Elementary

Teachers and MEAs (Survivor, Packing It In, Creating a Mosaic, A Day at the Z0o)
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were used as data collection instruments. Qualitative analysis were used to analyze
the data. The results of the study indicated that the participants started to think of
model-eliciting activities as a vehicle for STEM education. They realized the
difference between MEAs and problem-based learning. In addition, dealing with
MEAs as learners and changing actual tasks enabled participants to think

comprehensively as to MEAs & STEM integration.

Another qualitative study of Baker et al. (2019) examined the effects of two
mathematics specialists’ positioning on MEA implementations in K-6 classrooms
which benefit from STEM disciplines. A design-based implementation research
was used as the method of the study. Data were collected through observations,
surveys, interviews and The Box Turtle MEA. Data were analyzed qualitatively —
by coding. According to the results of the study, mathematics teachers
comprehended MEAs as enjoyable activities before implementation. During the
implementation, mathematics specialists created a discussion environment for
teachers. On the other hand, after the implementation with the help of mathematics
specialists’ positioning, the teachers saw MEAs as rich mathematical problems.
Moreover, the results of the study showed that MEASs help students equalize their
mathematics learning in significant STEM experiences.

Gilider and Giirbiiz (2018) examined the opinions of teachers and students on
whether interdisciplinary modeling activities are vehicles for STEM education.
Semi-structured interview technique was used as the design of the study.
Participants of the study were two teachers (one of them was a mathematics teacher,
and other one was a science teacher) and seven 7" grade students from a middle
school. Data were collected through semi-structured pre-interviews, semi-
structured post-interviews and three model-eliciting activities. Data were analyzed
by using descriptive analyses. The results of the pre-interviews indicated that both
teachers stated that mathematics and science are related to real-life and other
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courses. The results of the post-interviews indicated that MEAs help
interdisciplinary learning, and they should be in the curriculum according to the
teachers’ explanations. After the implementation of the MEAs, interviews were also
conducted with the students. Based on the results of the interviews conducted with
the students, it was stated that they had not seen MEAs before, their attitude toward
interdisciplinary learning changed positively, and their self-confidence and attitude

to mathematics were enhanced with the help of MEAs.

Other researchers examined how STEM with mathematical modeling affects pre-
service teachers’ competencies/mathematical knowledge (Stohlmann et al., 2013;
Suh & Han, 2019). For instance, Suh and Han (2019) conducted a mixed methods
research with a convergent parallel design to examine the effects of STEM project
with mathematical modeling on university students’ proficiency. Forty-two
university students attended the study. Data sources were an 18-item survey as to
students’ perception on mathematical modeling, semi-structured interviews,
worksheets and daily reflection sheets. Quantitative analysis was made by using t-
tests, cross tab and Cronbach’s alpha, and qualitative analysis was made by
examining interview transcripts and identifying the themes. Based on the
quantitative analysis of the study, the students noticed that mathematical modeling
is a useful tool to identify problems in the present, may predict future problems as
to environmental, social or economic issues, and may determine possible solutions
to fulfill the future generations’ needs at the end of the STEM project. Based on the
qualitative analysis of the study, the students followed a modeling process different
from what researchers had expected. They followed an alternative process which
was different from Blum’s (2011) circular process. Students also understood that
modeling steps were not independent. In the last session after the presentations of
students’ works, they reexamined the modeling steps. Moreover, the students
realized that STEM tasks with mathematical modeling were related to real-life

situations, and they could make interdisciplinary connections.
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Stohlmann et al. (2013) conducted a qualitative study to examine twenty-six pre-
service elementary teachers’ mathematical content knowledge in a STEM-
modeling activity. Selected pre-service teachers completed a mathematics method
course. The Lesh Translation Model (Lesh et al., 1987), which is related to five
representations which are concrete, realistic, symbolic, language and pictorial, was
used as a measure of content knowledge of pre-service teachers. The Bigfoot MEA
was used as the STEM-modeling activity. Furthermore, audio recordings of the
groups’ work, the groups’ written works and the researcher’s field notes were used
as data collection instruments. Data were analyzed by coding the pre-service
teachers’ content knowledge based on the representations of Lesh Translation
Model and then examining the translations between representations. The results of
the study showed that pre-service teachers developed their subject matter content
knowledge on linear functions with the help of the Bigfoot MEA. All groups of pre-
service teachers showed conceptual understanding by means of translations within
and between symbolic, realistic, language, and concrete representations. On the

other hand, three of the seven groups used pictorial representations.

2.7  Studies Related to Mathematical Modeling/Model-Eliciting Activities

and Environmental Education

There are some studies related to mathematical modeling/model-eliciting activities
and environmental issues (Giirbiiz & Calik, 2021; Mousoulides & English 2011;
Mousoulides et al., 2010). Mousoulides et al. (2010) conducted a longitudinal study
to explore twenty-two 11 year-old students’ processes and model development
through an environmental modeling problem called The Water Shortage which is
related to the water shortage in Cyprus. Data were collected through audio and
video tapes of the students’ responses to the modeling activity, the researchers’ field
notes, student worksheets and Google Earth spreadsheet files. Miles and
Huberman’s (1994) interpretative technique was used as the data analysis method.

The results of the study revealed that the students solved the environmental

34



modeling problem by developing different models such as graphical or algebraic.
In another study conducted by Mousoulides and English (2011), they studied with
six groups of twenty 12 year-old high achiever students - who were a part of a study
on children’s mathematical modeling and engineering thinking - to examine their
models and develop their mathematics and science learning while solving an
engineering model-eliciting activity called Natural Gas. The data collection tools
were audio tapes of the students’ works, video tapes of the students’ responses
during class discussions, student worksheets and reports, and the researchers’ field
notes. The results of the study indicated that four groups developed suitable models
to solve the problem. In addition, the models of two groups were more rational since
they showed regard to the effects of renewable energy sources on natural gas

consumption.

Giirbiiz and Calik (2021) conducted a case study with six 7" grade students to
examine how students intertwine mathematical modeling with an environmental
problem of waste management. Data were collected through video tapes of
students’ dialogues. Data were analyzed by identifying themes and categories.
Results of the study showed that students learned about environmental issues that
were aimed in the interdisciplinary modeling problem. In other words, students
intertwine mathematics and environmental issues/science education. In addition,
the interdisciplinary modeling problem raised students’ awareness and affected
their thoughts related to their responsibilities towards the environment based on the
results of the study.

To sum up, when related literature was examined, it was seen that there are several
studies related to mathematical modeling/model-eliciting activities and STEM
education (Baker & Galanti, 2017; Baker et al., 2019; Giider & Giirbiiz, 2018;
Stohlmann et al., 2013; Suh & Han, 2019). Based on the results of these studies,
some of the researchers found that the teachers saw MEAs/modeling activities as a
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vehicle for STEM education (Baker & Galanti, 2017; Baker et al., 2019; Gilider &
Giirbiiz, 2018). Based on the results of other studies, it was seen that STEM with
mathematical modeling activities affects pre-service teachers’
competencies/mathematical knowledge positively (Stohlmann et al., 2013; Suh &
Han, 2019). Furthermore, there are some studies related to mathematical
modeling/model-¢liciting activities and environmental issues (Gilirbiiz & Calik,
2021; Mousoulides & English 2011; Mousoulides et al., 2010). Based on the results
of these studies, it was seen that the researchers generally focused on mathematical
models of students in modeling activities that included environmental issues. Even
though there are some studies related to mathematical modeling with STEM
education, and mathematical modeling with environmental issues, there is a gap in
the literature since there is no study conducted to examine particularly middle
school students’ mathematics-related and environmental issues-related learning
residuals. Therefore, the aim of this study was to examine 7" grade students’
learning residuals about mathematics and environmental issues in model-eliciting

activities that address an environmental issue — waste management.
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CHAPTER 3

METHODOLOGY

The methodology section was discussed in detail in eight parts which are design of
the study, participants, data collection tools, data collection procedure, data

analysis, researcher’s role, trustworthiness of the study and limitations of the study.

3.1  Design of the Study

The design of the study was educational case study, which is one of qualitative
research types. In a case study, researchers focus on a case that can be a single
individual or a group of individuals like a class, event or process, and study with
this case (Fraenkel et al., 2012). The aim of the case studies is gaining in depth
understanding of a specific case with a detailed study (Creswell, 2002; Fraenkel et
al., 2012).

In this study, the researcher tried to gather in depth understanding as to 7"" grade
students’ learning residuals related to mathematics and environmental issues in
model-eliciting activities that address an environmental issue — waste management.
Therefore, the case of the study was a group of 7" grade students who had

experienced mathematical modeling.

3.2  Participants

The participants of the study were 14 seventh grade students studying in a public
middle school in Sancaktepe, Istanbul. The school is located on the Anatolian side

of Istanbul. There were 36 classrooms, a special-education classroom, a science
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laboratory, a chemistry laboratory, a painting class, a music class, 49 teachers and
1214 students who were at the school during the second semester of 2020 — 2021
academic year. The school was not an eco-school, students did not participate in
any environmental activities, and only the standards of the middle school
mathematics and science programs of MoNE were followed. Class sizes were
ranged between 40 — 44 students. There were three project classes from 5", 6" and
7" grades on the school. Project classes were determined based on students’
elementary school scores when they started the 5™ grade. Project classes consisted
of approximately 30 students. Project classes take English-based education in their
first year of middle school. It means that they take more English lessons than other
5t grade classes but other lessons are the same. Achievement levels of the students
were variable in the middle school. It means that the students were at high, moderate
or low achievement levels. The socio-economic status of the students was also
variable. It means that there were students from families whose socio-economic
status was high, middle or low. The researcher has been a mathematics teacher in

this school from the beginning of the 2020-2021 academic year.

Seven of the students participating in this study were girls, and seven of them were
boys. Their ages ranged between 12 and 13. Thirteen of the students were selected
from the project class, and one of the students was selected from another 7t grade
class which was not a project class. One student was selected from another 7" grade
class since the student was very successful and interested in mathematics based on
the researcher’s observations. Also, the student was willing to participate in
extracurricular activities. Five groups were formed with these 14 students. Four
groups were consisted of three students, and one group was consisted of two
students. Eight of the students were very successful in mathematics lessons, and six
of them were average students based on the researcher’s observations. On the other
hand, all of the students were interested in mathematics lessons, always attended

the lessons and had basic mathematical skills. Socioeconomic status of the
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participants was middle class. The participants’ average mathematics scores in 6%

grade and in the first semester of the 7\" grade are given in Table 3.1.

Table 3.1 Mathematics scores of the participants

Name 6" grade math scores (%) 1%t semester of 7! grade math scores (%0)
Student 1 94 100
Student 2 98 100
Student 3 87 82
Student 4 92 87
Student 5 92 85
Student 6 100 98
Student 7 77 77
Student 8 94 96
Student 9 91 100
Student 10 83 85
Student 11 81 90
Student 12 88 78
Student 13 93 88
Student 14 97 85

In the study, purposive and convenience sampling methods were used to select the
participants. Qualitative samples are in tendency to be purposive since the special
context of a case is the main focus of researchers (Miles et al., 2018). In this study,
the researcher focused on a group of 7" grade students who had mathematical
modeling experience. In the convenience sampling, participants are selected based
on the suitability of the researcher and study (Fraenkel et al., 2012). Convenience

sampling was used since the researcher was the mathematics teacher of two classes
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that the students were selected from. Thus, the researcher knew the students’
mathematics achievements, abilities and personality traits. Another reason why
these students were selected for the study was that their mathematics achievement
was average or above. In model-eliciting activities, students should be able to use
the required mathematical knowledge to develop a model and solve the problem. In
the study, selected students were capable of using basic mathematical concepts.
Furthermore, the participants were selected among students who did not have any

problems with the internet and device access since the study was carried out online.

3.3 Data Collection Tools

Data collection tools that were used in the study were model-eliciting activities, a
post-activity participant form, audio and video recordings and semi-structured

interviews.

The first model-eliciting activity was Trash Trouble which is given in Appendix A.
This activity was adapted from the Trash Trouble MEA in the website of the Model-
Eliciting Activities (MEAS) Library of University of Nevada, College of Education.
While adapting the Trash Trouble, the context of the problem — the trash issue in
America — was transformed into the trash issue in Istanbul, therefore it constituted
a local issue for the students. MEA had a news article and readiness questions
related to the article based on the environmental issue included in the problem. The
MEA was adapted to create a procedure or formula for predicting the amount of
trash that Istanbul will produce in 2025. Related mathematics contents in the first
MEA were pattern and generalization, arithmetic average and ratio and proportion.
Related environmental issue in the first MEA was reducing the amount of trash and

recycling.
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The second model-eliciting activity was Minimum Waste, Maximum Pencil Box
which is given in Appendix B. This activity was adapted from the Coffee Cup MEA
in the website of the Model-Eliciting Activities (MEASs) Library of University of
Nevada, College of Education. While adapting the Coffee Cup, the context of the
problem — coffee cup — was transformed into metal pencil box since cylinder and
net of the cylinder (circle and rectangle) were familiar mathematical concepts for
the students. The MEA had a news article and readiness questions related to the
article based on environmental issue included in the problem. The MEA was
adapted to develop a model to minimize the amount of waste materials when
making the bottoms and sidewalls of a metal pencil box for an engineering and
architectural company. Related mathematics contents in the second MEA were ratio
and proportion, right circular cylinder, rectangle, circle and square. Related

environmental issue in the second MEA was reducing the amount of waste.

For the content-related evidence of validity of the MEAs, expert opinions were
obtained while adapting the problems from the thesis supervisor who was interested
in mathematical modeling and from a mathematics education professor. To do this,
the content and format of the MEAs were checked by the thesis supervisor based
on the six design principles of model-eliciting activities. Then, the MEAs were

revised based on the supervisor’s feedbacks.

The post-activity participant form which includes four short questions is given in
Appendix C. The form was used as a reflection activity with the aim of
understanding the students’ learning related to mathematics and environmental
issues at the end of each MEA. In addition, this form was used so that the students

could express/evaluate their learning.
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Observations were made by the researcher during the implementation stage of the
MEAs. The researcher had the role of participant-as-observer during observations
since the researcher participated in the situation during the process (Fraenkel et al.,
2012). Since the study was conducted online, the researcher joined each Breakout
Room on Zoom (that is, visited each group one by one) and observed the students’
work. Moreover, the researcher took notes related to the groups’ works by visiting
each room. Since it is difficult to observe students on an online platform, audio and
video recordings were necessary for the researcher. Therefore, to support the
observations and use them in the data analysis process, the model-eliciting activity
sessions were recorded on Zoom when it was possible. It means that since it was
not possible to record Breakout Rooms when the researcher was not there, the
researcher made recordings while visiting each room (each group). In addition,

whole group discussions and presentations were recorded.

Semi-structured interviews were conducted to gain in-depth understanding of the
7" grade students’ learning related to mathematics and environmental issues in
model-eliciting activities. To do this, the interviews were conducted with one
student from each of the five groups. Those students were selected according to
their ability to express themselves and to be more active in the modeling process.

The main questions asked during the interviews are given below:
1. How did you and your groupmates solve the problem?
2. What did you learn about mathematics when you engaged in the problem?

3. What did you learn about the environmental issues when you engaged in

the problem?

In addition to the main questions, elaborating and probing questions were asked to
students based on their answers to understand their thinking/solution process

deeply.
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For triangulation of the semi-structured interview; audio and video recordings were
used, and during the interviews, notes were taken by the researcher related to the
students’ answers. Moreover, expert opinions were taken from the thesis supervisor

to check whether questions were suitable.

34 Data Collection Procedure

Necessary permissions were taken before the data collection process. First of all,
the ethical committee approval, which is given in Appendix D, was taken from the
Middle East Technical University Human Subjects Ethics Committee. Secondly,
permission taken from the Ministry of National Education (MoNE) as shown in
Appendix E. Then, since the participants were under the age of 18, permission was
taken from their parents by sending them a form which included the purpose of the
study and request for including their children in the study. Parent consent form,

which are given in Appendix F, were filled out online because of distance education.

Work schedule for the implementation process of model-eliciting activities is given

in Table 3.2 below. The procedure is also explained in detail below.
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Table 3.2 The schedule for the implementation procedure of MEAS

Date Duration Related part of the implementation procedure
19.04.2021 20 minutes  Online meeting
as Warm-up (reading passage and readiness questions) for
25.04.2021 P I Passag | )
homework MEA-1
26.04.2021 5 minutes Answering the readiness questions for MEA-1
26.04.2021 85 minutes  Modeling process of MEA-1
) Follow-up (group presentations, discussion and revision)
27.04.2021 45 minutes
for MEA-1
as Warm-up (reading passage and readiness questions) for
02.05.2021 P J passad | )
homework MEA-2
03.05.2021 5 minutes Answering the readiness questions for MEA-2
03.05.2021 85 minutes  Modeling process of MEA-2
) Follow-up (group presentations, discussion and revision)
04.05.2021 45 minutes

for MEA-2

Because of Covid-19 pandemic, the students had to take distance education, and
lesson duration decreased by 10 minutes. So, there was not enough time in the
school time to conduct the study. Therefore, the students attended online classes at
a different time from the school time for the implementation procedure. The time
of these online classes was determined with students based on their and the

researcher’s convenience.

A twenty-minute online meeting was held with the students to inform them as to
the study before the implementation procedure. The information included the brief
purpose, approximate duration and procedure of the study. In addition, the
researcher explained that student names or IDs would not be used anywhere, the
results of the study would not affect their mathematics grade or teachers’ attitude,

and if they do not want to continue, they can leave the study at any time. Actually,
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the students’ names should not be asked to ensure the confidentiality but in this
study, after the implementation procedure of model-eliciting activities, the students
filled out post-activity participant forms as homework. Thus, their names were
asked to examine what each student learnt about mathematics and environmental

issues.

Implementation process of model-eliciting activities was carried out in three
sessions: warm-up, modeling process and follow-up. For the warm-up part, reading
passages — news articles related to the environmental issue in each MEA — were
assigned to students as homework because of time limitation. The students read the
passage and answered the questions by themselves before the in-class section of the
modeling process part. Therefore, this part was done as an out-of-class activity
individually. Before starting the modeling process part, the students discussed the
news articles briefly by answering the readiness questions as an in-class activity.
This part lasted approximately 5 minutes. In addition, the students shared their
answers with the researcher before the modeling process part by writing down their

answers and taking and sending the photos of their answers.

Modeling process part was carried out online — using the Zoom platform. The
reason why this part was carried out online was Covid-19 pandemic. 7"" grade
students in the Istanbul had online education during the data collection process, and
there was no opportunity to make the study face to face. After answering the
readiness questions, the problems were demonstrated to the students by the
researcher in each MEA. Before starting the group work, the MEAs were read, and
necessary explanations were made by the researcher to make sure that each student
understood the problem. This section lasted approximately 5 minutes for each
MEA. Then, the researcher separated the students into groups, and the problems
were shared with each group. The students were divided into five groups. Four

groups were consisted of three students, and other group was consisted of two
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students. The groups were selected before the implementation process by the
researcher to make them heterogeneous. Group members were the same in the both

problems. Breakout Rooms in the Zoom platform were used for group work.

Before the group work of the second MEA - Minimum Waste, Maximum Pencil
Box — the researcher gave necessary information related to the right circular
cylinder briefly since the second MEA was related to the right circular cylinder. To
do this, the students were informed about what right circular cylinder is and what
kind of geometric shapes a cylinder is comprised of. In addition, the area of
rectangle, area of square and area of circle were remined to students. This section
was carried out outside group work time. The duration of this session was

approximately 15 minutes.

After demonstrating the problems and grouping the students, they started to work
on modeling problems with their groupmates. Students worked with their
groupmates by turning on either their microphones or both microphones and
camera. They took notes digitally and on paper during the problem-solving process.
Furthermore, some of the groups took screenshots because they made some
drawings and computations on the screen. During the group work, the researcher
visited the Breakout Rooms frequently, took notes and asked questions to students
as to their solutions. In addition, the researcher recorded Zoom sessions as much as
possible while visiting the groups. This session lasted approximately 80 minutes for

each MEA without any break.

Follow-up part for each MEA was carried out on the day following the modeling
process part because the students were tired after 80 minutes of online lesson
without any break. Thus, follow-up part was carried out the next day to make

presentations and discussion more meaningful and productive. The groups shared
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their models and solutions for the problems during the follow-up part as a whole-
group activity. To do this, one or two students from each group explained their
solutions and models. In addition, the students from other groups compared and
discussed the solutions of the presenting group by asking questions. After group
presentations, the researcher asked students which mathematical topics they used
and what they learnt about environmental issues. This session was also carried out
as a whole-class discussion. Then, the researcher grouped the students again and
gave time to groups to revise their solutions. This session lasted approximately 45
minutes for each MEA. There was no follow-up activity after the presentations and

revision because of time limitation.

After the implementation of each model-eliciting activity, reflection activity was
carried out as an out-of-class activity. The students filled out the post-activity
participant form as homework because of time limitation. Then, they shared their
post-activity participant forms by taking and sending photos or filling out the forms

online with the researcher.

After the implementation of model-eliciting activities, semi-structured interviews
were carried out with one student from each group to understand groups’ solutions
better. In total, interviews were carried out with 5 students online — using the Zoom

platform. The duration of interviews was approximately 15-20 minutes.

3.5  Data Analysis

In this study, content analysis, which is a qualitative data analysis method, was
used. To do this, firstly the audio and video recordings of the groups’ works were
transcribed. Secondly, the audio and video recordings of semi-structured interviews
were transcribed. Then, the written works of the students, the audio and video

recordings of the groups’ works and the audio and video recordings of semi-
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structured interviews were coded based on research questions. Hence, data-driven
coding frame was used in the content analysis. Coding is a way of discovering the
meaning of data (Saldana, 2011). The data in this study were coded through two
cycles (1) holistic coding and (2) descriptive coding (Miles et al., 2018). In the first
cycle, the data were examined holistically, and general codes were identified rather
than examining the data in detail. In the second cycle, general codes identified in
the first cycle were grouped into a smaller number of categories. During the coding
process, the written work of the students, the audio and video recordings of the
groups’ works and the audio and video recordings of semi-structured interviews

were coded all together based on research questions.

3.6 The Researcher’s Role

Researcher bias is a potential threat to validity in qualitative studies and may affect
the results of the study (Johnson, 1997). Creswell (2009) stated that researcher in
qualitative studies is an inquirer and is involved in the study with participants. Thus,
researcher should explain his/her experiences with students and the relationship

between students and researcher to decrease the bias (Creswell, 2009).

As the researcher, | have been a mathematics teacher in this school from the
beginning of the 2020-2021 academic year. Thus, | was their mathematics teacher.
In addition, 1 was the main class teacher of 13 students selected as participants from
the project class. At the beginning of the study, I informed the students as to the
brief purpose, approximate duration and procedure of the study. | explained them
that their names, IDs or audio and video recordings would not be used anywhere,
and the results of the study would not affect their mathematics grade or teachers’
attitudes. I selected 14 students as participants based on their mathematics’ grades
and my observations during the lessons. That is because students should have basic
mathematical skills to solve modeling problems. I also take into consideration

students’ interest in mathematics. I did not guide or give direction to the students
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about how they could solve the problems during the modeling problem-solving
process in order not to affect the results of the study. During the semi-structured
interviews, | just tried to understand in detail how they solved the problems and did
not make any comments. During the data collection process, | was respectful and
nonjudgmental. | reported the findings of the study fully and honestly.

3.7 Trustworthiness of the Study

Lincoln and Guba (1985) identified four themes for validity and reliability issues
of a qualitative research as mentioned below. Since the design of the study was

qualitative, these four issues were briefly discussed.

Credibility is internal validity in a qualitative research and is related to whether the
study measures what is actually intended (Shenton, 2004). In the study,
triangulation and prolonged engagement were used to ensure credibility.
Triangulation was used since there are multiple data sources: model-eliciting
activities, researcher’s observation notes, audio and video recordings, post-activity
participant form, students’ field notes, students’ written works or drawings, and
semi-structured interviews. Prolonged engagement was used because the researcher
has been the mathematics teacher of the students since the beginning of 2020-2021
fall semester. It means that the researcher stayed in the setting for a long time. Thus,
the students were relaxed during the study. In addition, two coders — the researcher
and thesis supervisor — coded the students’ work in the model-eliciting activities
and the students’ answers in semi-structured interviews. Thus, consistency between
two coders were examined. Thick description, which means knowing the context of
the study in detail to help other researchers use the researcher’s findings, was used
to ensure transferability. The number of participants, their characteristics, context
of the study, instrumentation issues and data collection process were explained in
detail in the parts above so that other researchers may transfer the results of the

study. Dependability is reliability in qualitative research and is related to finding
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similar results by replicating the study with the same context, participants and
method (Shenton, 2004). Detailed explanation was given related to the context,
participants and method to ensure dependability. In addition, detailed explanations
related to the study (e.g. participants, design, instrumentation or procedure) and the
researcher’s role were provided in previous sections to ensure confirmability.
Furthermore, the students’ work in the model-eliciting activities and the students’
answers in semi-structured interviews were coded by both the researcher and thesis

supervisor.

3.8  Limitations of the Study

There were three limitations of the study. The first limitation was related to the
number of participants. The study was conducted with only 14 students.
Nevertheless, the results of the study may be useful for other researchers,
mathematics teacher educators and/or mathematics teachers if they study with a
group of middle school students whose traits are similar to those of the participants

in this study.

Second limitation of the study was related to distance education. The study was
conducted online education because of Covid-19 pandemic. Thus, the students had
to do group work in an online environment and did not work face to face. Interaction
between group members was not as good as in the classroom setting. The researcher
tried to eliminate this limitation as much as possible by asking students to open their
cameras and microphones during the process. In addition, the researcher had
difficulty observing the students while they were working in Breakout Rooms.
Zoom sessions were recorded as much as possible to overcome this difficulty. For

this purpose, both audio and video recordings and note-taking were used.

50



Third limitation of the study was related to time. Two lessons of 40 minutes (in total
80 minutes) were given for each MEA in Zoom without any break. Since the study
was conducted outside the school time, it was hard to organize a suitable timetable
for all students. Therefore, students had to work for 80 minutes for the modeling
process part of each MEA. Therefore, there was not enough time for any follow-up
activity. This limitation may be eliminated by conducting the study face-to-face but
it was not possible during the 2020-2021 academic year. In addition, the researcher
visited Breakout Rooms frequently, asked questions related to their work and tried
to encourage them to work in order to reduce the disadvantage of not having a break,

motivate the students and maintain their attention.
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CHAPTER 4

FINDINGS

The findings section was discussed in three parts which are students’ solutions to
environmental based MEAs, mathematical learning residuals and environmental

learning residuals.

4.1 Students’ Solutions to Environmental Based MEASs

41.1 MEA 1 - Trash Trouble

The first MEA was Trash Trouble which consisted of two questions. The first
question of the problem was related to creating a procedure or formula for
predicting the amount of trash that will be produced in Istanbul in 2025. In the first
question, the students were expected to find how much trash would be produced.
The second question of the problem was, “What should be the amount of trash in
order to produce 650.000 MWh of electricity from landfill gas in 2025?” In the
second question, the students were expected to find the amount of trash to produce
650.000 MWh of electricity from landfill gas.

Mathematical learning residuals that | - as the researcher - expected from students
was to use pattern and generalization, algebra, arithmetic average and/or ratio and
proportion. Also, | expected them to find the amount of increase/decrease in the
amount of trash between years while solving the problem. Environmental learning
residuals that | - as the researcher - expected from students was to realize the issue

of trash/waste and to seek a solution for this issue.
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4.1.1.1  Solutions of the Group 1 in the Trash Trouble

Amount of trash in 2025. When written works, presentations and semi-structured
interviews of the students from the first group were examined, it was seen that at
the beginning of the study, the students thought that they could solve the first
question by using ratio and proportion or pattern and generalization. They started
with the numbered years and wrote the amount of increase/decrease between the

amount of trash which is shown in Figure 4.1 below.

Tablo 1. Yillara gore Istanbul’da tiretilen atik miktan
1 2 3 B 5 6 7 8 9 10 11
Yillar | 2004 [ 2006 2008 [ 2010 2012 2014 2015 | 2016 2017 | 2018 [ 2019
Atk
miktan | 3.216.787 | 3.321.910 | 3.267.190 | 3.372.096 | 3.580.645 | 3.888.079 | 4.288.187 | 4.805.188 | 5.414.332 | 5.930.460 | 5.927.702
(ton)

T et s Ny e
+1503 54320 oy Top +lor58 3 ko +SHoof HOBMY  +SwAR —2.39%
100 = x 200 = 2x 5x 6x 5x

Figure 4.1 Group 1’s work to find the amount of increase/decrease in the amount
of trash in the Trash Trouble MEA

As can be seen from the Figure 4.1, the years were numbered from 1 to 11 on the
table by the students in the 1% group. Then, they found the amount of
increase/decrease in the amount of trash in the given 11 years. For example, they
found an increase of 400.108 from 2014 to 2015.

Then, they tried to generalize the amount of increase by using algebra. To do this,
they accepted an increase of approximately 100.000 as x. Thus, they wrote 2x for
an increase of approximately 200.000, and so on. After that, they tried to find a
pattern between the amounts of increase. They realized that there was an increase
of 5x from 2015 to 2016, 6x from 2016 to 2017, and 5x from 2017 to 2018. Hence,
they determined the pattern of 5x, 6x and 5x which is shown in Figure 4.1 above.

However, they did not take into account the decrease of 2.758 from 2018 to 2019.
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Lastly, they added an approximate amount of trash until reaching 2025 by using the

pattern they had determined as can be seen in Figure 4.2.
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Figure 4.2 Group 1’s work to add an approximate amount of trash in the Trash
Trouble MEA

As understood from the figure above, the students in the 1% group added the amount
of trash in two different ways but they reached the same answer of 9.227.702. One
of the students used the pattern of 5x, 6x, 5, and another student used the pattern
of 6x, 5x, 6x. This was important from the modeling perspective since they tried to

construct a model by generating an algebraic pattern.

Below is the conversation related to the students’ solution for the first question of
Trash Trouble MEA between Student 2 and the researcher in the semi-structured

interview.

Student 2: First of all, 11 years are given in the table. We numbered these
years from 1 to 11. Then, we found the amount of increase between the
amount of trash. Then, we noticed that there was an increase of
approximately 100.000 from 2008 to 2010. We also noticed that there was
an increase of approximately 200.000 from 2010 to 2012, an increase of
approximately 300.000 from 2012 to 2014, an increase of approximately
400.000 from 2014 to 2015, an increase of approximately 500.000 from
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2015 to 2016, and an increase of approximately 600.000 from 2016 to 2017.

Then, we said x for an increase of approximately 100.000.

Researcher: It means that you said x for an increase of approximately
100.000, 2x for an increase of approximately 200.000, and so on.

Student 2: Yes. Then, we saw that this continued as 5x, 6x, 5x. Thus, we
thought that this would continue as 5x, 6x, 5x. According to Student 1, after
2019, the amount of increase should start with 5x. According to me, the
amount of increase should start with 6x. Then, we continued to examine the
amounts according to both of our opinions. At the end, we found the same
answer of 9.227.702.

Researcher: Okey, at this point | have two questions. Firstly, what did you
do with -2.758. | mean, from 2018 to 2019, there was a decrease. What
happened to this decrease?

Student 2: Since it has always increased so far, and the amount of decrease

here is very small, we ignored it. We did not take it into account.

Researcher: Okey, secondly, you continued to add the amount of trash
starting with 5x, and Student 1 continued to add the amount of trash starting

with 6x. At the end, you found the same answer. Why?

Student 2: | think, teacher, it is because as we noticed there are 3 5x and 3
6x in Student 1’s answer. I also have 3 5x and 6 3x. As a result, both of us

have the same answer.

Researcher: Okey, do you think we should have started from 5x or 6x?
Why?

Student 2: | think, teacher we should have started from 6x since from 2017
to 2018 there was an increase of 5x. We ignored the decrease of 2.758 from
2018 to 2019. Thus, after 5x there should be 6x to keep the pattern of 5x,
6X, 5X.
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This conversation also showed that the students found that there could be 9.227.702

tons of trash in 2025 by using an algebraic pattern.

Amount of trash to produce 650.000 MWh of electricity from landfill gas in
2025. When the first group’s solution for the second question was examined, it was
seen that they used ratio and proportion and arithmetic average. Figure 4.3
demonstrates that they tried to find a fixed ratio by dividing the amount of trash by
electrical energy produced from landfill gas.

Tablo 2. Yillara gore Istanbul’da atiktan clde edilen geri kazanim miktarlar:
2.SORUNUN
CEVABI: | Geri Kazanim Verisi [ 2004 | 2009 2014 2015 2016 | 2017 2018 | 2019
[ Geri Doniigebilir Malzeme Miktan (ton) | 1513 | 8454 | 7.069 | 18815 | 10974 | 9.163 | 8.832 |
Atikian Uretilmis Yakit Miktan (ton) - 1087 | 355 63.894 | 39.602 | 13.291 | 21.757 | 26417 |
| CBp Gazindan Urctilen Elektrik Encriisi Miktarlart (MWh) | 5938 | 70.895 | 336 | 358.125 | 404.330 | 450.690 | 499312 | 500375 |
Atik Miktan — 51927.70 9 4 =4
AtkMiktan ____ _ 7.702 _yyg1  5.930.460 _y15; 5.414.332  _y o 4.805.188
risi 500.278 499312 450.690 404.330
& L Ad e ¥

Figure 4.3 Group 1’s work to proportion the amount of trash by electrical energy
produced from landfill gas in the Trash Trouble MEA

As shown in Figure 4.3, the students divided the amount of trash by electrical
energy in 2016, 2017, 2018 and 2019 and found a ratio for each year. For instance,
they divided 5.927.702 by 500.278 by using the data of 2019 and found 11.84. On
the other hand, it can be seen that they did not take into consideration the first four
years given in the table.

Then, they found the approximate average of these ratios as 11.86 and used this
average as the fixed ratio. Figure 4.4 shows that they used the ratio of

amount of trash

and found the answer as 7.709.000. This was important from the

electrical energy

modeling perspective since they tried to construct a model with this ratio.

57



= X _>‘~' %Uuyukwhn Belediyesi (IBB) Agik Veri Portali sayfasindan (https://data. ibb Lov.tr') alimip diizenlenmistir
0.000 x = 650.000x11,86 = 7.709.000 x = 7.709.000

Figure 4.4 Group 1’s work to find the amount of trash to produce 650.000 MWh
of electricity from landfill gas in the Trash Trouble MEA

From the figure above, we can see that the students used a fixed ratio of 11.86 which
corresponds to a value founded by dividing the amount of trash by electrical energy
in any year. However, at that point, they made some computational mistakes while
calculating the fixed ratio. Then, they used this ratio for 2025, too. To do this, they
divided x (amount of trash) by 650.000 and equalized this to 11.86. Lastly, they
found 7.709.000 tons of trash by using cross-multiplication.

Below is the conversation related to the students’ solution for the second question
of Trash Trouble MEA between Student 2 and the researcher in the semi-structured

interview.

Student 2: In the second question, we tried to find how much trash there
should be in 2025 by dividing the amount of trash by electrical energy.
According to the data of 2019, we divided the amount of waste by energy,
and found 11.84. Similarly, we found 11.86 for 2018, 12.01 for 2017 and
11.88 for 2016. Then, we found the approximate average of these divisions
and found 11.86.

Researcher: What does 11.86 mean?

Student 2: This is the approximate value we get when we divide the amount

of trash by electrical energy in any year.
Researcher: Okey, go on.

Student 2: Then, we said x for the amount of trash to produce 650.000 MWh
of electricity from landfill gas in 2025. We divided x by 650.000, and this
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division is equal to 11.86. We made cross multiplication to find x. It means
that we multiplied 650.000 by 11.86 and found the answer as 7.709.000.

This conversation indicates that the students found the answer of 7.709.000 by using
a fixed ratio and arithmetic average.

Researcher’s account of Group 1’s model of the Trash Trouble. On the basis of
the answer of the 1% group, their solution was based on algebra, pattern and
generalization, and ratio and proportion mathematically. The reason for the use of
algebra was that they said x for approximately 100.000 increase. The reason for the
use of pattern and generalization was that they determined a pattern that continued
as 5x, 6x, 5x, 6x. The reason for the use of ratio and proportion was that they wanted
to find a fixed ratio by dividing the amount of trash by electrical energy in the
second question. The model that I deduced as the researcher from the solution of
the students in the first group for the first question is given in the algebraic

expression below.
+5x, +6x, +5x, +6x, ...

As a result, it is possible to see an algebraic pattern of +5x, +6x. It means that an
amount of 5x and 6x could be added, respectively. The students reached this

conclusion with mathematical thinking and algebraic reasoning.

The model that | inferred as the researcher from the solution of the students in the
first group for the second question is given in the expression below. As can be seen
from the expression below, the students reached a ratio which was equal to a fixed
number of 11.86.

amount of trash
=11.86

amount of electrical energy produced from landfill gas

As a second result, if the amount of trash is proportioned by the amount of electrical
energy produced from landfill gas, a fixed value is obtained. This value could be
found by taking the ratio of the amount of trash to the amount of electrical energy
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in any year. The students reached this conclusion with mathematical thinking and

proportional reasoning.

4.1.1.2  Solutions of the Group 2 in the Trash Trouble

Amount of trash in 2025. The students in the second group made a guess without
making any computation while finding the amount of trash. Firstly, they examined
the changes in the amount of trash. Then, they made a guess with these changes.
Below is the related explanation for the amount of trash in 2025 taken from the

second group’s written field notes.

Group 2: ... If we give an amount, we think the amount of trash in 2025 will

be around 7.600.000....We did our calculations as follows:

-We looked at the amount of trash between years. We observed that there
was a different increase each year. We saw an increase of one million in 12
years, from 3 million in 2004 to 4 million in 2015. Since there was a ten-
year difference between 2015 and 2025, this was an increase of around 2.5

million. This was our guess.

As can be deduced from the sentences above, the students did not make an exact
computation. They just made a guess. They thought that from 2014 to 2015, the
amount of trash increased by about one million, which is equivalent to a 12-year
increase. Since it is ten years from 2015 to 2025, they thought that a ten-year
difference would correspond to an increase of 2.5 million and found the answer as

7.600.000. However, they did not explain how they reached these conclusions.

Amount of trash to produce 650.000 MWh of electricity from landfill gas in
2025. When works of the students in the second group were examined, it was seen

that they did not do any work related to the second question.
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When the students in group 4 were asked what they did about the second question
during the group presentation, they said that they did not find the answer to the
second question since they had not enough time. As can be understood, the students
had a problem with time and did not work on the second question. Thus, the students
could not conclude the second question.

Researcher’s account of Group 2’s model of the Trash Trouble. Based on the
works of the 2" group, the students did not reach a mathematical model and made
a guess with regard to the problem in the first part. The reason might be that they
worked for 85 minutes during the modeling process part. The remaining time was

not enough for them to create a mathematical model.

4.1.1.3  Solutions of the Group 3 in the Trash Trouble

Amount of trash in 2025. At the beginning of the study, the students in the third
group thought that they could solve the first question by using pattern and
generalization. They thought that they should start by finding the amount of
increase/decrease between the amount of trash. Then, they decided to use arithmetic
average concept and found the average. (See Figure 4.5)

7 sinan1 1636 Yanitla | sinan1 1800
t_cnplam bélinmis hali
51,817,764 4,710705818181818

Figure 4.5 Group 3’s work to find the average amount of trash in Trash Trouble
MEA

As seen, the students in the 3" group found the sum of the trash as 51.817,764.
Then, they divided this sum by 11 (the number of years) and found the answer as

approximately 4,71. This means that the amount of trash per year could be equal to
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the average amount of trash that they found. This was important from the modeling
perspective since they tried to construct a model to find the average amount of trash

per year.

Below is the conversation related to the students’ solution for the first question of
Trash Trouble MEA between Student 8 and the researcher in the semi-structured

interview.

Student 8: In the table, there were 11 years. We did not look at the
differences between years. We found the sum of the trashes in these 11

years. We found the sum as 51.817,764. Then, we found the divided version.
Researcher: What does divided version mean?

Student 8: It means that we divided the sum by the total number of years
which is 11. We found the result as 4,710705818181818.

Researcher: What did you actually find by doing this process?

Student 8: We found how much trash there could be on average per year.
We actually found the answer. We thought that we could find the

approximate amount of trash in 2025 by finding the average amount of trash.

This conversation between the student and the researcher also points out that the
students found the amount of trash in 2025 as approximately 4,71 million by using

arithmetic average.

Amount of trash to produce 650.000 MWh of electricity from landfill gas in
2025. At the beginning, the students in the third group again used arithmetic average
concept for the second question. To do this, they found the sum of the electrical
energy produced from landfill gas for the given 8 years. Then, they divided the sum
by 8 and found the answer as 386.56,263.

Below is the conversation related to students’ solution for the second question of
Trash Trouble MEA between Student 8 and the researcher during the group

presentation.
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Student 8: Teacher, actually our answer is wrong. We found an answer
similar to our answer in the first question. That is to say, we added the
amount of electrical energy produced from landfill gas for the given eight
years which you gave in the table. Then, we divided it by 8. Our answer was
386.56,263. However, our answer is wrong.

Researcher: Why do you think so?

Student 8: Because in the question you asked us what the amount of trash to
produce 650.000 MWh of electricity from landfill gas in 2025 should be but
we did not take into consideration the amount of trash. We just found the

average amount of electricity.
Researcher: Okey, you can revise your solution.

Student 8: Okey, teacher. We wanted to revise, but we did not have enough

time before the presentations.

This conversation highlighted that the students found the average amount of
electricity as the answer. On the other hand, they ignored the amount of trash to
produce 650.000 MWh of electricity from landfill gas in 2025.

After they revised their solutions, the third group found answer as 7.476.086 tons
of trash as can be seen in Figure 4.6.

¢ -sinan1 1642 Ventla % tpefidata ibl sinan1 1644 Yanitla
50,000 MWh arttiginda bu durumda
516,128 ton gop artiyor 2025 yiinda
buna gdre 150,000 arttidinda 650,000 MWh olmasi igin
1,548,384 ton artmasi gerekiyor 7.476,086 ton ¢bp olmasi gerekiyor

Figure 4.6 Group 3’s work after the revision in the Trash Trouble MEA
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As Figure 4.6 shows, the students used ratio and proportion to solve the second
question. They found that approximately 50.000 MWh of electricity increased, and
the amount of trash increased by 516.128 tons from 2017 to 2018. Based on the
question, electricity produced from landfill gas should be 650.000 MWh in 2025.
This means that from 2019 to 2025, electricity should increase by 150.000 MWh.
The students noticed that since 150.000 MWh is equal to three times 50.000 MWh,
they multiplied 516.128 tons of trash by 3. In short, they reached the answer of
7.476.086 tons of trash. This was important from the modeling perspective because
they tried to construct a model with ratio and proportion. However, it can be seen
that the students just focused on the years 2017 to 2018 and did not examine the

data of other years.

Below is the conversation related to their solution for the second question of Trash
Trouble MEA after revision between Student 8 and the researcher in the semi-

structured interview.

Student 8: Teacher, from 2017 to 2018, the amount of electricity from
landfill gas increased by 50.000 MWh. From 2017 to 2018, the amount of
trash increased by 516.128 tons. In 2019, there was 500.278 MWh of
electricity. From 2019 to 2025, the amount of electricity should be increased
by 150.000 MWh so that electricity will be 650.000 MWh in 2025. If we
look, 150.000 MWh is equal to three times 50.000 MWh. If we multiply
516.128 tons by 3, we get 7.476.086 tons of trash which is the answer.

Researcher: Why did you multiply 516.128 by 3?

Student 8: Since we multiply the amount of electricity, we should multiply

the amount of trash to fix the ratio.

As understood from the conversation above, after group presentations, the students

revised their solution and reached 7.476.086 tons trash as the result.

Researcher’s account of Group 3’s model of the Trash Trouble. According to

the answer of the 3™ group, they solved the problem by using arithmetic average
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and ratio and proportion mathematically. The reason for the use of arithmetic
average was that they wanted to find the amount of trash in 2025 by using the
average amount of trash there could be per year. The reason for the use of ratio and
proportion seemed to be that they wanted to find the amount of trash to produce
650.000 MWh of electricity from landfill gas in 2025 by using build-up strategy
(between ratio model). The model that | obtained as the researcher from the solution
of the students in the third group for the first question is given in the expression
below. As can be seen from the expression below, the students reached a ratio which
is equal to the average amount of trash per year.

total amount of trash
total number of years

= average amount of trash in per year

From this result, it can be inferred that if the total amount of trash is divided by the
total number of years, the average amount of trash per year is obtained. The students

reached this conclusion with mathematical thinking and arithmetic reasoning.

The model that | interpreted as the researcher from the solution of the students in

the third group for the second question in given in the expression below.

the amount of increase in the

amount of electricity the amount of increase
from landfill gas in the amount of trash
between two years _ between two years
the amount of increase inthe = the amount of increase
amount of electricity in the amount of trash
from landfill gas between other two years

between other two years

This result shows that if build-up strategy (between ratio model) is used, the ratio
that shows how much electricity increases from between two consecutive years to
between two other consecutive years might be found. Similarly, this ratio is be equal
to how much trash increased from between the same two years to between the same
other two years. The students reached this conclusion with mathematical thinking

and proportional reasoning.
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4.1.1.4  Solutions of the Group 4 in the Trash Trouble

Amount of trash in 2025. The students in the fourth group thought that they could
solve the problem by using ratio and proportion. At first, they found the difference
between the amount of trash in 2019 and 2004. Then, they divided this difference
by 15 as illustrated in Figure 4.7.

T T
3o dob.t
T

Figure 4.7 Group 4’s work to find how much more trash was produced in a year in
the Trash Trouble MEA
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Figure 4.7 illustrates that the students divided 3.000.000 (the approximate
difference between the amount of trash in 2019 and 2004) by 15 (total number of
years between 2004 and 2019) and found 213.333. 213.333 which corresponded to
how much more trash was produced in a year. This was important from the

modeling perspective because they tried to construct a model with unit ratio.

Then, Figure 4.8 shows that they added 213,333 tons of trash to each year, starting
from 2019 until 2025.
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Figure 4.8 Group 4’s work to add trash produced in a year in the Trash Trouble
MEA
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Figure 4.8 demonstrates that the students added six times 213.333 tons of trash until
2025 in total.

Lastly, they found the answer as 7.278.998 as can be seen in Figure 4.9.

Figure 4.9 Group 4’s work to find amount of trash in 2025 in the Trash Trouble
MEA

Figure 4.9 indicates that they reached the answer of 7.278.998 for 2025.

Below is the conversation related to the students’ solution for the first question of
Trash Trouble MEA between Student 10 and the researcher during the group

presentation.

Student 10: First, we found the difference between 2019 and 2004. It means
that we found how much more trash was produced. It is 3 million. 3 million

tons of trash were produced in 15 years. Then, we divided 3 million by 15.
Researcher: Why did you divide 3 million by 15?
Student 10: Since there are 15 years in total.

Researcher: Okey, go on.
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Student 10: From here, we found the answer as 213.000.
Researcher: What does 213.000 correspond to?

Student 10: It corresponds to how much more trash is produced in a year.
Then, we added one by one. In 2019, there were 6 million tons of trash. We
added 6 million and 213.000 and found 6.213.333. We added other years
like that. Lastly, we found that there would be 7.278.998 tons of trash in
2025.

From the conversation above, the students found 7.278.998 tons of trash at the end.
They used unit ratio, found the amount of increase in each year and added that
amount until reaching 2025. However, they had some calculation mistakes.

Amount of trash to produce 650.000 MWh of electricity from landfill gas in
2025. Similar to their first solution, the students in the fourth group used unit ratio.
They found the difference in the electricity produced from landfill gas between
2019 and 2004 as 494.000. Then, they divided 494.000 by 15 and found the answer
as 698.000.

Below is the conversation related to the students’ solution for the second question
of Trash Trouble MEA between Student 9 and the researcher during the group
presentation.

Student 9: : We found the difference in the electricity produced from landfill
gas between 2019 and 2004. In 2019, electricity was 500.000. In 2004,
electricity was 6.000. In 15 years, we found that 494.000 more electricity
was produced by subtracting 6.000 by 500.000. To find out how much more
electricity is produced in a year, we divide 494,000 by 15.

Researcher: You reused the method you used in the first question, am |

correct?

Student 9: Yes, teacher. From here, we found 33.000. Then, we again added
33.000 one by one. We found the result as 698.000.
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Researcher: What is 698.000?
Student 9: Electricity.

Researcher: What was asked in the question? The amount of trash or the

amount of electricity?
Student 9: Immm...

Researcher: | think, you did not make any connection between the amount

of trash and the amount of electricity in 2025. Please, revise your solutions.

The conversation above pointed out that the students solved the second question by
using unit ratio. However, they did not make any connection between the trash and
electrical energy produced by landfill gas. In other words, they just focused on
electrical energy and did not find the amount of trash in 2025 to produce 650.000
MWh of electricity. The students in the fourth group did not make any revisions

during the follow-up part and did not conclude the second question.

Researcher’s account of Group 4’s model of the Trash Trouble. Based on the
answer of the 4" group, their solution was based on ratio and proportion. The reason
is that they found the composed unit by proportioning the total amount of increase
by the total number of years. The model that I derived as the researcher from the
solution of the students in the fourth group for the first question is given in the
expression below. As can be seen from the expression below, the students reached

a unit ratio which was equal to amount of increase per year.

total amount of increase

= amount of increase in per year
total number of years f pery

In summary, if total amount of increase is proportioned by the total number of years,
a unit ratio which corresponds to the amount of increase per year was obtained. The
students reached this conclusion with mathematical thinking and proportional

reasoning.
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4.1.1.5  Solutions of the Group 5 in the Trash Trouble

Amount of trash in 2025. The students in the fifth group thought that they could
solve the problem by using algebra. At first, they tried to examine the amount of
increase between years. Then, they tried to find a pattern between the amounts of
increases. They realized that there was approximately a 100.000 increase from 2008
to 2010, there was approximately a 200.000 increase from 2010 to 2012, there was
approximately a 300.000 increase from 2012 to 2014. These increases continued in
a pattern until 2018. Then, they continued this pattern and added the amount of
increases to each year until 2025 as follows:

Figure 4.10 Group 5’s work in the Trash Trouble MEA
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This figure shows that the students found that there would be 11.627.702 tons of
trash in 2025. They determined a pattern that continued with 100.000 more increase
than the previous year. They ignored the data of 2018 and 2019. They thought the
pattern should continue as 700.000, 800.000, and so on. Thus, they added 700.000
to the data of 2019 and found the amount of trash in 2020 as 6.627.702. They
continued with this pattern and added 12.000.000 tons of trash to 2024. Therefore,
they found 11.627.702 tons trash for 2025.

Below is the conversation related to the students’ solution for the first question of
Trash Trouble MEA between Student 13 and the researcher during the group

presentation.

Student 13: We saw that from 2008 to 2010, the amount of trash increased
approximately by 100.000. From 2010 to 2012, the amount of trash
increased by approximately 200.000; from 2012 to 2014, approximately
300.000; from 2014 to 2015, approximately 400.000; from 2015 to 2016,
approximately 500.000, and from 2016 to 2017, approximately 600.000.

Then, we thought that there could be a pattern in the amount of increases.

Researcher: Did you examine the years between 2017 and 2018, and 2018
and 2019?

Student 13: Yes, but we ignored it since from 2017 to 2018 amount of trash
increased to approximately 500.000, and from 2018 to 2019, there was a
slight decrease. We thought that these two data would not be suitable for the

rule of the pattern.
Researcher: Okey, then?

Student 13: Then, we added the amounts starting from 2019 until reaching
2025. Every year, we added the amount of trash which was 100.000 more

than the previous year.

Researcher: What does that mean?
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Student 13: This means that from 2016 to 2017, the amount of trash
increased by approximately 600.000. We added 100.000 to 600.000 and this
is equal to 700.000. To find the amount of trash in 2020, we added 700.000
trash to the data of 2019. Similarly, for 2021, we added 800.000 to the data
of 2020 that we had found. Like this, we found that in 2025, there would be
11.627.702 tons of trash.

The conversation above highlighted that students found 11.627.702 trash at the end.
They found the amount of increase in each year by comparing the previous year.
Then, they added the amount of increase to each year from the pattern that they
generalized until they reach 2025. However, they did not examine the data for the
years 2004 and 2006.

Amount of trash to produce 650.000 MWh of electricity from landfill gas in
2025. When works of the students in the fifth group were examined, it was seen that
they did not do any work related to the second question. Student 11 stated that “We
could not do the second question.” As deduced from the Student 11°s statement, the
students did not do any work for the second question. They might have had problem
with time and did not work on the second question. Thus, the students could not

reach a conclusion for the second question.

Researcher’s account of Group 5’s model of the Trash Trouble. Based on the
answer of the 51 group, their solution was based on pattern and generalization. The
reason was that they determined a pattern and added the amount of trash to each
year after 2019 based on this pattern. The model that | gathered as the researcher
from the solution of the students in the fifth group for the first question is given in
the algebraic expression below. As can be seen from the algebraic expression

below, the students reached an algebraic pattern.
n, n+100.000, n+200.000, n+300.000, ...

Consequently, we can see a pattern of n, n+100.000, n+200.000, n+300.000, .... It
means that we could add to each year an amount of trash which was 100.000 more
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than the previous year. The students reached this conclusion with mathematical

thinking and algebraic reasoning.

4.1.2 MEA 2 — Minimum Waste, Maximum Pencil Box

The second MEA was Minimum Waste, Maximum Pencil Box which consisted of
two questions. The first question of the problem was related to developing a model
to minimize the amount of waste materials when making the bottoms and sidewalls
of a metal pencil box on a 100 cm x 100 cm square layer. In the first question, the
students were expected to find how many pencil boxes they could place on the layer
using the model that they developed. The second question of the problem was
“Assuming that the pencil box’s radius and height will not change, what should be
the size of the square layer to get minimum amount of waste and maximum number
of pencil boxes?” In the second question, the students were expected to find the size

of the square layer without changing the sizes of the pencil box.

Mathematical learning residuals that | - as the researcher - expected from students
was to draw the net of the cylinder, determine the radius/perimeter of the circle
formed and the short and long sides of the rectangle formed after drawing the net
of the cylinder. Furthermore, | expected them to use ratio and proportion to make
smaller versions of the shapes and the layer while solving the problem. | expected
this because they may have worked more easily with smaller shapes and layer.
Environmental learning residuals that | - as the researcher - expected from the
students was to realize the issue of trash/waste and to seek a solution for this issue.
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4.1.2.1  Solutions of the Group 1 in the Minimum Waste, Maximum Pencil
Box

Finding the Maximum Number of Pencil Boxes. The students in the first group
thought that they could solve the first question by using ratio and proportion. They
started to draw a cylinder and the net of the cylinder, showed the diameter,
perimeter and height of the circle that can be viewed in Figure 4.11, and as
represented in Figure 4.12, they showed the short and long sides of the rectangle.

Figure 4.11 Group 1°s work to draw a cylinder and net of the cylinder in the Min.
Waste, Max. Pencil Box MEA
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Figure 4.12 Group 1’s work to determine the sizes of the rectangle formed when
they drew the net of the cylinder in the Min. Waste, Max. Pencil Box MEA

As shown in Figure 4.11, the students in the 1 group drew a cylinder and the net
of the cylinder. They found the perimeter of the circle formed when they drew the
net of the cylinder from the 2.7.r formula as 24. They took radius of the circle as 4.
Then, as Figure 4.12 presents, they determined the sizes of the rectangle formed
when they drew the net of the cylinder. Since the perimeter of the circle is equal to
the side of the rectangle surrounded by the circle, they wrote 24 cm to one of the
sides of the rectangle. Since the height of the cylinder is equal to the side of the
rectangle not surrounded by the circle, they wrote 10 cm to the other side of the

rectangle.

Then, as shown in Figure 4.13 they made the layer, circle and rectangle smaller and
found the sizes of the smaller shapes.
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Figure 4.13 Group 1’s work to make the layer, circle and rectangle smaller in the
Min. Waste, Max. Pencil Box MEA

It can be seen from Figure 4.13, that the students made the layer smaller. To do this,
they divided each side of the square by 10. It means that they used 1—10 ratio. Thus,

they worked with a 10 cm x 10 cm square layer instead of a 100 cm x 100 cm square
layer. Accordingly, they divided the radius and diameter of the circle and the short
and long sides of the rectangle by 10. After all, they found the radius of the circle
as 0,4 cm, the diameter of the circle as 0,8 cm, the long side of the rectangle as 2,4

cm and short side of the rectangle as 1 cm.

Then, they tried to place the rectangles on the layer. They realized that they could
place 10 rectangles on the 10 cm x 10 cm square layer vertically, and 4 rectangles
on the 10 cm x 10 cm square layer horizontally. Below is the explanation with

regard to placement of the rectangles taken from the first group’s written field notes.

“If we think about it, 10 rectangles fit perfectly when we look vertically on
a 10 cm x 10 cm square, when we look horizontally, 4 rectangles fit, and

there is still little area.”
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As understood from the sentence above , the students found how many rectangles

they could place on the layer vertically and horizontally without placing the circles.

After that, they thought that circle is an irregular shape in comparison with a
rectangle or a square. For this reason, they tried to make a connection between the
circles and rectangles. They realized that 3 circles could be placed in a rectangle

and drew that. The figure below shows this placement.

7,

verin:

Figure 4.14 Group 1’s work to place three circles into a rectangle in the Min.
Waste, Max. Pencil Box MEA

This figure shows that the students multiplied the diameter of a circle (0,8 cm) by
3 and found 2,4 cm to find the total length of the diameter of the 3 circles that they
brought together (as tangential). The long side of the rectangle was 2,4 cm, and 2,4
cm was equal to the total length of the diameter of 3 circles. In addition, the short
side of the rectangle was 1 cm, and 1 cm was smaller than the diameter of one circle.
Thus, they could place 3 circles in a rectangle tangentially. This was important from
the modeling perspective because they tried to construct a visual model by placing

3 circles in a rectangle.

Lastly, they realized that they could make 3 pencil boxes from 4 rectangles. This
was because one circle and one rectangle are required to make a pencil box. If there
will be 3 circles in a rectangle, there must be extra 3 rectangles for these circles.
Previously, they found that they could place 10 rectangles vertically, and 4
rectangles horizontally. Since 3 pencil boxes were made with 4 rectangles in a row,

and there were 10 rows, they found that they could place 30 pencil boxes on the 10
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cm x 10 cm square layer by multiplying 3 by 10. Consequently, they found that they
could place 300 pencil boxes on the 100 cm x 100 cm square layer multiplying 30

by 10. They multiplied 30 by 10 to reconstruct the layer since, at the beginning,

they used = ratio.
10

Below is the conversation related to the students’ solution for the first question of
Minimum Waste, Maximum Pencil Box MEA between Student 1, Student 2 and

the researcher during the group presentation.

Student 1: There is a cylinder with a diameter of 8 cm and a height of 10
cm. When we draw the net of the cylinder, we have one rectangle and two
circles. We know that the diameter is twice the radius. Thus, we found the
radius as 4 by dividing 8 by 2. We found the circumference of the circle as
24 from the formula of 2.7.r. In the question, there was a square layer of 100
cm x 100 cm. We made the layer smaller by using ratio and proportion. To

do that, we divided 100 by 10 and accepted the layer as 10 cm x 10 cm.
Researcher: Why did you use ratio and proportion?

Student 1: Since this is a big layer, we made it smaller to solve the problem

easier.
Researcher: Okey, then?

Student 1: Then, we found the short and long sides of the rectangle formed
when we drew the net of the cylinder. We learned that the long sides of the
rectangle are equal to the circumference of the circle. It means that they 24
cm. In addition, we learned that the short sides of the rectangle are equal to
the height of the rectangle. It means they are 10 cm. Now, Student 2 will

continue.
Researcher: Okey, Student 2 please continue.

Student 2: Since we used ratio and proportion in the layer, we had to use this

ratio in each shape. Firstly, the diameter of the cylinder was 8. We divided
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it by 10 and found 0,8. Secondly, the long sides of the rectangle were 24 cm.
We divided it by 10 and found 2,4. The short sides of the rectangle were 10
cm. We divided it by 10 and found 1. Since the short sides of the rectangle
were 1 cm, we saw that we could place 10 rectangles on the 10 cm x 10 cm
square vertically. We placed 4 rectangles on the 10 cm x 10 cm square layer
horizontally since 4x2,4=9,6. The remaining parts of the layer would be
wasted. In addition, we realized that we could place 3 circles in a rectangle.
Then, we thought “why don’t we place 3 circles in a rectangle.” Then, we

realized that we could make 3 pencil boxes from 4 rectangles.

Researcher: It means that one rectangle and one circle are required to make
a pencil box. We can place 3 circles in a rectangle. We can make 3 pencil
boxes from 4 rectangles.

Student 2: Yes. Then, we found how many pencil boxes we could make. We
found that we could make 30 pencil boxes by multiplying 3 by 10 for the 10
cm x 10 cm square layer. Lastly, we found 300 pencil boxes by multiplying
30 by 10 for the 100 cm x 100 cm square layer.

Researcher: | have a question. Why did you multiply 30 by 10?

Student 2: We multiplied because the sizes of the original layer were 100
cm x 100 cm, and at the beginning, we made a smaller square. Thus, we

thought that we had to reconstruct the square layer to its original size.

Researcher: Did you reconstruct the sizes of the other shapes — circle and

rectangle?

Student 2: Nooo, we forgot.

Researcher: Okey, would you like to revise your solution?
Student 1/ Student 2: Yes.

The conversation above showed that the students found 300 pencil boxes at the end.

However, it was understood that they forgot to reconstruct the rectangles while
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reconstructing layer. It means that while they enlarged the 10 cm x 10 cm square

layer by the ratio of 11—0 they did not enlarge the rectangles placed in the layer.

After they revised their solutions, the first group found the answer as 30 pencil
boxes. Below is the conversation related to their solution after the revision of the
first question of Minimum Waste, Maximum Pencil Box MEA between Student 2

and the researcher in the semi-structured interview.

Student 2: We forgot to restore the circle and rectangle. Thus, we found the

number of the pencil boxes incorrectly. Then, we revised our solution.
Researcher: What did you do for revision?

Student 2: We both enlarged the square layer and other shapes. Then, we
realized that the number of the pencil boxes had to be the same on both a 10

cm x 10 cm square layer and a 100 cm x 100 cm square layer.
Researcher: What is your answer after the revision?
Student 2: 30 pencil boxes.

This conversation indicated that after the group presentation, the students revised

their solution and reached 30 pencil boxes as the result. In other words, they both

enlarged the layer and rectangles by the ratio of 1—10

Finding the Sizes of the Square Layer for Minimum Waste. Firstly, the students
used ratio and proportion for the second question. They chose to enlarge the square

layer multiplying the number of each shape by 2 which is given in Figure 4.15.
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Figure 4.15 Group 1’s work in the second part of the Min. Waste, Max. Pencil
Box MEA

As shown in Figure 4.15, the students thought that they could enlarge or make
smaller the layer by using ratio. They enlarged the 10 cm x 10 cm square layer by
multiplying by 2. They also multiplied the number of rectangles in both row and

column by 2.

Below is the conversation related to the students’ solution for the second question
of Minimum Waste, Maximum Pencil Box MEA between Student 2 and the

researcher in the semi-structured interview.

Student 2: We can place 4 rectangles horizontally and 10 rectangles
vertically on 10 cm x 10 cm square layer. | could increase or decrease the
rectangles and the layer at the same ratio. For example, we could place 4
rectangles horizontally, and we enlarged it by multiplying by 2. Thus, we
found 8. We could place 10 rectangles vertically, and we also enlarged it by
multiplying by 2. Thus, we found 20. Therefore, the number of pencil boxes
increased, and the amount of waste also increased. In the question, the
minimum amount of waste and the maximum number of pencil boxes were
asked. Therefore, we could multiply or divide the ratio based on how much

waste we wanted.
Researcher: What will be the size of the square layer?

Student 2: We should multiply it by 2 to fix the ratio. It means that the size
of the square layer should be 200 cm x 200 cm since we enlarged it by
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multiplying by 2. Actually, we could change the size of the square layer
based on what was desired. If I aim to make the maximum number of pencil
boxes, maybe we should not care about wasted materials. Moreover, even if

the amount of waste changes, the amount remains the same as the ratio.
Researcher: As a result, what did you choose for the size of the square layer?

Student 2: 200 cm x 200 cm. We chose that because we thought the
maximum number of pencil boxes would be more useful for the
manufacturing company. We do not want to use a bigger layer since it would

not be practical.

This exchange between the student and the researcher indicated that the students
thought they could choose the sizes of the square layer based on their aim. They
thought that if they enlarge the layer, they could make more pencil boxes, and that
would be useful. Thus, they enlarged the layer of 100 cm x 100 cm by multiplying
by 2 and determined it as 200 cm x 200 cm.

Researcher’s account of Group 1’s model of Minimum Waste, Maximum
Pencil Box. Relying on the answer of the 1% group, their solution was based on ratio
and proportion mathematically. The reason was that they divided each side of the
square layer by 10 to work easily with a smaller layer. Respectively, they divided

each side of the pencil box bottom (circle) and sidewall (rectangle) by 10 to keep
the ratio of 11—0 In addition, they used the right circular cylinder, rectangle, circle and

square concepts and properties of these concepts while solving the problem. The
model that | deduced as the researcher from the solution of the students in the first
group is given in Figure 4.16. As can be seen from the figure below, the students
reached a visual model by placing 3 circles, namely the pencil box bottoms, into a

rectangle. They demonstrated 3 circles with 1 rectangle and 3 pencil boxes with 4
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rectangles. Thereby, students placed rectangles into the square layer properly

instead of placing both rectangles and circles.

3circles = 1 rectangle

4 rectangles (3 circles and 3 rectangles) = 3 pencil
boxes

Figure 4.16 Student-drawn model of students in the 1% group for Min. Waste,
Max. Pencil Box MEA

Consequently, the net of a cylinder consists of two circles and one rectangle. If we
take m as 3, three times the diameter of one circle is equal to one circle’s perimeter
from the perimeter formula of 2.m.r. In other words, 2.r in the formula is equal to
the diameter of a circle, and 3(m).2r will be both equal to the diameter of 3 circles
and the perimeter of one circle. At the same time, the perimeter of one circle is equal
to the side of the rectangle surrounding the circle. Thus, 3 circles can be placed in
the rectangle tangentially if their diameter is smaller than or equal to the other side
of the rectangle not surrounded by the circle. In short, the students reached the

conclusion shown in Figure 4.17 with geometric reasoning.

2.m.r=3.2r

3.2r

Figure 4.17 Researcher-generated model based on Group 1°s way of thinking on
Min. Waste, Max. Pencil Box MEA

83



In addition to the previous conclusion, the students reached another conclusion with
proportional reasoning. This conclusion was that if they enlarge a shape with a
specific ratio, they must enlarge other shapes corresponding with the main shape

with the same ratio.

4.1.2.2  Solutions of the Group 2 in the Minimum Waste, Maximum Pencil

Box

Finding the Maximum Number of Pencil Boxes. It was observed that the students
in the second group had difficulty understanding the problem. At the beginning of
the study, they drew a square, a rectangle and a circle which can be viewed in Figure
4.18.

Al

10
\QO r=-4

100

Figure 4.18 Group 2’s work to draw a cylinder and net of the cylinder in the Min.
Waste, Max. Pencil Box MEA

From the figure above, we can see that the students in the 2" group drew a square
representing the 100 cm x 100 cm layer and drew the net of the cylinder — a
rectangle and a circle — representing a pencil box bottom and sidewall. They wrote
the short side of the rectangle as 24 and long side as 10. They also found the
perimeter of the circle as 4 by dividing the diameter (8) of the circle by 2. Then,
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they tried to place the rectangles and circles in the layer as demonstrated in Figure
4.19.

O O O
O OO

Figure 4.19 Group 2’s work to place the rectangles and circles in the Min. Waste,
Max. Pencil Box MEA

This figure demonstrated that the students placed the rectangles and circles in the
layer randomly without any computation. After placing the rectangles and circles
in the layer randomly, the students did not do any work and did not reach any

conclusion related to the number of the pencil boxes and a model.

Below is the conversation related to the students’ solution for the first question of
Minimum Waste, Maximum Pencil Box MEA between Student 3, Student 4,

Student 5 and the researcher during the group presentation.

Student 5: First of all, we drew a square like that. Then, we found the sizes
of these shapes like our friends in the first group. Then, we drew six squares

and six rectangles inside the square.
Researcher: Why did you draw six squares and six rectangles?

Student 5: Actually, we are not sure. We did not find the answer.
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Student 3: Student 5 had some problems related to the Internet connection.

For this reason, we could not work and find the answer.

Researcher: Okey, | want you to continue to work and revise your solution
during the revision part.

Student 3, Student 4 and Student 5: Okey.

As understood, the students had some Internet connection problems, and they could
not work effectively. They drew the net of the cylinder, determined the sizes of the
shapes and drew six squares and six rectangles inside the square layer randomly.

However, they did not conclude.

The students in the second group did not make any revisions during the follow-up

part and did not conclude the first question.

Finding the Sizes of the Square Layer for Minimum Waste. When works of the
students in the second group were examined, it was seen that they did not do any

work related to the second question.

Below is the conversation related to the students’ solution for the second question
of Minimum Waste, Maximum Pencil Box MEA between Student 3, Student 5 and

the researcher during the group presentation.
Researcher: What did you do about the second question?
Student 3: We did not find the answer to the second question.

Student 5: Actually, we did not understand the problem very well, and did

not have enough time to work on the second question.

As deduced from the conversation above, the students did not understand the second
question and had problem with time. Thus, the students could not conclude the

second question.

Researcher’s account of Group 2’s model of Minimum Waste, Maximum

Pencil Box. From the works of the 2" group, it was seen that the students did not
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reach a mathematical model. The reason might be that they worked for 85 minutes
during the modeling process part. This time was not enough for them to create a

mathematical model.

41.2.3 Solutions of the Group 3 in the Minimum Waste, Maximum Pencil
Box

Finding the Maximum Number of Pencil Boxes. At the beginning of the study,
the students in the third group thought that they could solve the first question by
using area or perimeter concepts. They started to draw the layer as can be seen in
Figure 4.20, and find the sum of the perimeters of the rectangle and circle as
illustrated in Figure 4.21.

100

100

Figure 4.20 Group 3’s work to draw the layer in the Min. Waste, Max. Pencil Box
MEA
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104+24.2=20+48=68cm

68+24=92

Figure 4.21 Group 3’s work to find the sum of the perimeters of rectangle and
circle in the Min. Waste, Max. Pencil Box MEA

Figure 4.20 showed 100 cm x 100 cm square layer, and Figure 4.21 indicated that
they found the perimeters of the rectangle and circle formed when drawing the net
of the cylinder. They found the perimeter of the rectangle by multiplying 10 and 24
by 2 and adding 20 and 48. They also found the perimeter of the circle as 24 like
the other groups. Lastly, they found the perimeter of a pencil box bottom and
sidewall (a circle and a rectangle) as 92 by adding 68 and 24.

After finding the perimeter of a pencil box bottom and sidewall, the students in the
third group thought that they would not be able to reach the solution with the
perimeter concept. Then, they tried to place the rectangles on the 100 cm x 100 cm
square layer without placing the circles. They thought that they could place 10
rectangles vertically and 4 rectangles horizontally. Starting from this point of view,
they thought that 40 rectangles could be placed by multiplying 10 by 4. Since there
would be wasted materials whose sizes were 4 cm x 100 cm, they thought that extra

4 rectangles could be placed. Thus, they found the answer as 44 pencil boxes.

After finding the answer of 44, they realized that they ignored the circles — pencil
box bottoms. Then, they combined one rectangle and one circle and found the length
of this model as 32 by adding the long side of the rectangle (24) and the diameter
of the circle (8). This was important from the modeling perspective because they

tried to construct a visual model by combining one rectangle and one circle in a
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rectangle. Then, they placed 30 of this model on the layer. Lastly, they thought that
they could place 3 extra pencil boxes. (See Figure 4.22.)

Figure 4.22 Group 3’s work to place the rectangles and circles in the Min. Waste,
Max. Pencil Box MEA

The students tried to place the rectangles whose long side was 32 cm and short side
was 10 cm on the layer which is displayed in the figure above. They placed 10
rectangles horizontally and 3 rectangles vertically. In total, they placed 30 pencil
boxes. They found the answer as 33 by thinking that 3 more pencil boxes could be

placed in the remaining area.

Below is the conversation related to the students’ solution for the first question of
Minimum Waste, Maximum Pencil Box MEA between Student 8 and the researcher

during the group presentation.

Student 8: Teacher, we tried three times for the first question. Firstly, we
found the perimeter of the rectangle and circle. It means that we found the
perimeter of a pencil box bottom and sidewall. Then, we did not continue
from that point since we thought that we would not be able to find the answer
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from the perimeter. Secondly, we tried to place just the sidewalls of the
pencil box ignoring the bottoms of the pencil box — this was incorrect. When

we did this, the answer was 44.
Researcher: How did you find the answer of 44?

Student 8: We placed 10 rectangles completely in vertical position since the
short side of the rectangle was 10 cm, and the side of the square was 100
cm. It means that from 100:10, 10 rectangles could be placed vertically. In
addition, we placed 4 rectangles in one row horizontally. That is because 4
times 24 — the long side of the rectangle — is equal to 96 cm. There is 4 cm
extra. In total, we placed 40 rectangles by multiplying 4 by 10. Furthermore,
we thought that we could place 4 rectangles on the extra area — the waste

area. Thus, our answer was 44.
Researcher: Okey, go on.

Student 8: As | said before, we ignored the bottoms of the pencil box .
Thirdly, we added 8 (the diameter of the circle) to the 24 (the long side of
the rectangle) and found 32 cm.

Researcher: It means that since a pencil box consists of one circle and one
rectangle, you combined them, and you constructed a rectangle whose long
side is 32 cm and short side is 10 cm.

Student 8: Yes. Normally, according to you, the answer is 30 by multiplying
10 by 3 but we added the extras and found the answer as 33.

Researcher: How were you sure that 3 extra pencil boxes could be placed?
Student 8: After all, we can cut that material and create a rectangle.
Researcher: | am asking again, are you sure about the 3 extra pencil boxes?
Student 8: No teacher, if you allow us, we can revise that part.

Researcher: Of course, you can.
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The conversation above demonstrates that the students reached 33 pencil boxes at
the end. However, it was seen that they did not make an exact computation to place

3 pencil boxes on the remaining waste area.

After they revised their solutions, the third group found the answer as 31 pencil
boxes. Below is the conversation related to their solution after revision for the first
question of Minimum Waste, Maximum Pencil Box MEA between Student 8 and

the researcher in the semi-structured interview.

Student 8: Teacher, we had a remaining area of a rectangle with the size of
4 cm x 100 cm. We divided that area into four rectangles. Three rectangles
are equal, and their sizes are 4 cm x 32 cm. There is one more area whose
sizes are 4 cm x 4 cm. Then, we combined three of these equal rectangles
and constructed a rectangle of 32 cm x 12 cm . Since we can make a pencil
box from a rectangle of 32 cm x 10 cm, we can also make an extra pencil

box from a rectangle of 32 cm x 12 cm. So, we found the answer as 31.
Researcher: Okey, what did you do with the 4 cm x 4 cm area?

Student 8: Nothing, that area is waste material since with that area we cannot

make a pencil box.

This conversation showed that after the group presentation, the students revised
their solution and reached 31 pencil boxes as result. In other words, they placed 30

pencil boxes on the layer and made one extra pencil box from the waste area.

Finding the Sizes of the Square Layer for Minimum Waste. The students in the
third group thought that they could change the sizes of the pencil box instead of
changing the sizes of the layer to get the maximum number of pencil boxes and the
minimum amount of waste. They changed the height of the pencil box without

changing the radius of the bottom of the pencil box.

Below is the conversation related to students’ solution for the second question of
Minimum Waste, Maximum Pencil Box MEA between Student 6, Student 7 and

the researcher during the group presentation.
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Student 7: We tried to change the height of the sidewall of the pencil box .
When we did this, we made sure that the height was not less than 5 cm
because of its usefulness. In addition, we thought that the height should be

less than 10 cm to make more pencil boxes.

Researcher: Actually, according to the question, you should change the
sizes of the layer. However, your friends thought that they could make more

pencil boxes by changing its height instead of changing the sizes of the layer.

Student 7: We thought that the height should be between 5 and 10 cm. Then,
we took the height as 8 and found the perimeter of the sidewall of the pencil
box. To do that, we multiplied 24 by 8 and found 192.

Researcher: : Is 192 the perimeter?

Student 7: Yes, it is the perimeter.

Student 6: No, it should be the area. Sorry, teacher.
Researcher: Okey, go on.

Student 7: We also found that the circle’s area as 48. We found the total area
for one pencil box as 240. We tried this process by taking the height as 9.
When we took the height as 8, we got more pencil boxes. Consequently, we

chose the height as 8 cm.

As understood from this conversation, the students tried to find a suitable height for
the maximum number of pencil boxes without changing the sizes of the bottom of
the pencil box and the layer. To do that, they used the area concept. Although they
used the area concept, they thought of it as the perimeter. It can be said that they
had a misconception related to the definition of area and perimeter concepts. On
one hand, they ignored the amount of waste materials. Furthermore, they did not
use exact computation while finding the number of the pencil boxes with different

heights.
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Researcher’s account of Group 3’s model of Minimum Waste, Maximum
Pencil Box. Depending on the answer of the 3 group, they solved the problem
geometrically. They used right circular cylinder, rectangle, circle and square
concepts and properties of these concepts while solving the problem. The model
that I concluded as the researcher from the solution of the students in the third group
is demonstrated in Figure 4.23. As can be seen from the figure below, the students
reached a visual model by combining a rectangle and a circle tangentially to
construct a longer rectangle. The longer rectangle represents one pencil box.
Thereby, the students placed the rectangles into the square layer properly instead of
placing both rectangles and circles as the students in the 1% group did .

O - (O

Figure 4.23 Student-drawn model of the students in the 3" group for Min. Waste,
Max. Pencil Box MEA

Hence, the net of a cylinder consists of two circles and one rectangle. If we take ©
as 3, three times the diameter of one circle is equal to the diameter of one circle
which is also equal to the side of the rectangle surrounding the circle. We can
combine one of these circles and this rectangle tangentially, and then we can place
them in a longer rectangle tangentially if the circle’s diameter is smaller than or
equal to the other side of the rectangle not surrounding the circle. In this case, the
long side of the longer rectangle will be equal to 8r. In brief, the students reached
the conclusion indicated in Figure 4.24 with geometric reasoning.
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Figure 4.24 Researcher-generated model based on Group 3’s ways of thinking on

Min. Waste, Max. Pencil Box MEA

41.2.4 Solutions of the Group 4 in the Minimum Waste, Maximum Pencil

Box

Finding the Maximum Number of Pencil Boxes. Similar to the students in the 1%
group, those in the 4™ group thought that 100 cm x 100 cm layer was too big and
tried to make the layer smaller by using a specific ratio. In addition, they thought
that they could solve the problem by using the area concept. At first, they drew a

square layer by making it smaller and found its area as follows:

Figure 4.25 Group 4’s work to draw and make the layer smaller in the Min.
Waste, Max. Pencil Box MEA
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In Figure 4.25 there was clear that students drew a square representing the layer.
They used % ratio, made the layer smaller and found each side of the square layer as
50. Then, they found the area of the layer as 2500.

Figure 4.26 indicates that they drew the rectangle smaller, found the perimeter of

the smaller circle and the area of the smaller rectangle, and added them.

Figure 4.26 Group 4’s work to find perimeter of the smaller circle and area of the

smaller rectangle in the Min. Waste, Max. Pencil Box MEA

This figure shows that they drew a rectangle and showed its long side as 12 and its
short as 5 by using ratio of % Then, they found the area of the rectangle as 60. In
addition, they found the perimeter of the circle as 24 like the other groups. However,
they did not use % ratio to make the circle smaller. In other words, while making the
layer and the rectangle smaller, they did not make the circle smaller. Then, they

added 60 and 24 and found the sum as 84.

Lastly, they divided 2500 by 84, and found 30. Then, they multiplied 30 by 2 and

found the answer as 60 as shown in Figure 4.27.
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Figure 4.27 Group 4’s work to find number of the pencil boxes in the Min. Waste,
Max. Pencil Box MEA

Based on the data from this figure, it can be said that the students divided the area
of the square layer by the sum of the perimeter of the circle and the area of the
rectangle and found 30. They reconstructed the layer and other shapes by
multiplying by 2 and found that 60 pencil boxes could be placed on the original

layer.

Below is the conversation related to students’ solution for the first question of
Minimum Waste, Maximum Pencil Box MEA between Student 9, Student 10 and

the researcher during the group presentation.

Student 10: We firstly made the layer smaller. | mean, we made the sizes of
the layer 50 cm x 50 cm. Then, we drew a smaller rectangle and determined
its size. Since its short side was 10 cm, we divided it by 2 and found 5 cm. |
mean, the short side of the smaller rectangle was 5 cm. Similarly, the long
side of the smaller rectangle was 12 cm. Then, we found the perimeter of
the circle and rectangle. The perimeter of the circle was 24, and the
perimeter of the rectangle was 60. Then, we added 60 and 24 and found the

sum as 84.

Researcher: Just a second. How can the perimeter of a rectangle be found?
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Student 9: Sorry, teacher. We made a mistake. 60 is not the perimeter, it is

the area.

Researcher: Yes. The perimeter of a rectangle is equal to the sum of all sides
of the rectangle. The area of a rectangle is equal to the multiplication of its

long side and its short side. Go on, please.

Student 10: Then, we divided 2500 by 84, and found 30 pencil boxes but the

answer is 60.
Researcher: What do 2500 and 84 mean?

Student 10: Area of the layer and area of a pencil box. We divided it since

we tried to find how many pencil boxes could be placed on the layer.

Researcher: Okey, but you divided the area of the layer by the sum of the
area of the rectangle and perimeter of the circle. You did not divide the area

of the layer by the area of a pencil box.

Student 9: Teacher, we made a lot of mistakes. In addition, we did not
reconstruct the other shapes at the end like Student 1 and Student 2. Can we

revise our solution too?

Researcher: Yes, of course.

The conversation above shows that the students found 60 pencil boxes at the end.

However, it was seen that they had some misconceptions. Firstly, they had a

misconception related to the area and perimeter of the rectangle. Secondly, they

forgot to reconstruct other shapes while reconstructing the layer. It means that while

they enlarged the 50 cm x 50 cm square layer by the ratio of % they did not enlarge

other shapes.

After they revised their solutions, the fourth group found the answer as 34 pencil

boxes. Below is the conversation related to their solution after revision for the first

question of Minimum Waste, Maximum Pencil Box MEA between Student 9 and

the researcher in the semi-structured interview.
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Student 9: Teacher, we corrected our mistakes and found the answer as 34

pencil boxes.

Researcher: How did you find it?

Student 9: We did not change the ratio of % We worked with smaller shapes

again. We already found the area of the layer as 2500 and the area of the
rectangle as 60. We also found the area of the circle as 12 from the formula
of m.r?. Here, r is 2 since we used % ratio. We added 60 and 12 and found 72.
Then, we divided 2500 by 72 and found 34,72 approximately. We did not

make any rounding because we thought that there cannot be 35 pencil boxes.
Thus, we found that 34 pencil boxes can be placed on the layer.

This conversation showed that after the group presentation, the students revised

their solution and reached 34 pencil boxes as the result. In other words, they both
enlarged the layer and other shapes by the ratio of % In addition, they corrected their

misconceptions related to area and perimeter concepts.

Finding the Sizes of the Square Layer for Minimum Waste. When the fourth
group’s solution for the second question was examined, it was seen that they used
ratio and proportion. Figure 4.28 represents that, similar to the first group’s answer,

they chose to enlarge the square layer by multiplying by 2.

B L LT T T
OO AIOD = 60 | Lolen (Rl
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209x206 % 20 a

Figure 4.28 Group 4’s work in the second part of the Min. Waste, Max. Pencil
Box MEA
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As Figure 4.28 shows, the students enlarged the 100 cm x 100 cm square layer by
multiplying by 2. They multiplied the number of pencil boxes by 2 and found 120
pencil boxes. That is to say, they thought that if sizes of the layer are doubled, the
number of pencil boxes is doubled.

Below is the conversation related to the students’ solution for the second question
of Minimum Waste, Maximum Pencil Box MEA between Student 10 and the

researcher during the group presentation.

Student 10: Teacher, we thought that we should enlarge the layer to make
more pencil boxes. We can choose any numbers for it. We chose 2. Since
we made 60 pencil boxes with a 100 cm x 100 cm layer, we can make 120
pencil boxes with a 200 cm x 200 cm layer.

Researcher: It means that you chose the layer of 200 cm x 200 cm.
Student 10: Yes.

It can be understood from the conversation that the students thought that they could
choose any size for the square layer. They thought that if they enlarge the layer,
they could make more pencil boxes. Thus, they enlarged the layer of 100 cm x 100

cm by multiplying it by 2 and determined it as 200 cm x 200 cm.

Researcher’s account of Group 4’s model of Minimum Waste, Maximum
Pencil Box. The solution of the 4™ group was based on ratio and proportion and

area mathematically. The reason for the use of ratio and proportion was that they
divided each side of the square layer by 2. It means that they used the ratio of % The

reason for the use of area was that they divided the area of the layer by the area of
a pencil box to find how many pencil boxes could be made from the layer. In
addition, they used right circular cylinder, rectangle, circle and square concepts and
the properties of these concepts while solving the problem. The model that I inferred
as the researcher from the solution of the students in the fourth group is given in the
expression below. As can be seen from the expression below, the students reached

a formula to find the total number of pencil boxes.
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area of the layer

= numb il b
area of a pencil box number of pencil boxes

This result indicates that if we divide the area of the layer by the total area of the
materials which was used to make a pencil box, we get the number of pencil boxes
which could be made from the layer. The students reached this conclusion with
mathematical thinking and reasoning. Furthermore, the students reached the
conclusion of if they enlarged a shape with a specific ratio, they must enlarge other
shapes corresponding with the main shape with the same ratio with proportional

reasoning like the student in the 1% group .

4.1.25  Solutions of the Group 5 in the Minimum Waste, Maximum Pencil

Box

Finding the Maximum Number of Pencil Boxes. The students in the fifth group
thought that they could solve the first question by using ratio and proportion similar
to the students in the first and fourth groups. At first, they drew a rectangle and a

circle when they drew the net of the cylinder. Then, they used 1—10 ratio like the first

group, and found the sizes of the smaller shapes as can be seen in Figure 4.29.

Figure 4.29 Group 5’s work to find sizes of the smaller shapes in the Min. Waste,
Max. Pencil Box MEA
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From the figure above, it is clear to see that the students found the perimeter of the
circle as 24. Since they used ratio of 1—10 they found the perimeter of the smaller
circle as 2,4 and found diameter of the smaller circle as 0,8. In addition, they found

the short side of the smaller rectangle as 1.

After finding the sizes of the smaller shapes, they tried to place the rectangles on
the layer. Figure 4.30 shows that they thought they could place three rectangles and

three circles in a row horizontally and made computation related to this.

Figure 4.30 Group 5’s calculations of the number of pencil boxes in the Min.
Waste, Max. Pencil Box MEA

Figure 4.30 indicates that the students tried to find whether three pencil boxes could
be placed horizontally. To do this, they multiplied 2,4 by 3 and found 7,2. They
multiplied 0,8 by 3 and found 0,4. Then, they added 2,4 and 7,2 and found the sum
as 9,6.

Figure 4.31 reveals that they realized they could place 10 rectangles on the 10 cm

x 10 cm square layer vertically.
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Figure 4.31 Group 5’s work to place the pencil boxes in the Min. Waste, Max.
Pencil Box MEA

Using the data from Figure 4.31, they placed three rectangles and three circles
horizontally since 9,6 was smaller than 10 which was the side of the layer. In
addition, they placed ten rectangles vertically since the short side of the rectangle

was 1 cm and each side of the rectangle was 10 cm.

Similar to the first group, they found that they could place 300 pencil boxes on the
100 cm x 100 cm square layer by multiplying 30 by 10. They multiplied 30 by 10

to reconstruct the layer since they used % ratio at the beginning.

Below is the conversation related to students’ solution for the first question of
Minimum Waste, Maximum Pencil Box MEA between Student 14 and the

researcher during the group presentation.

Student 14: We learned that the net of the cylinder consists of two circles
and one rectangle. Since the top of our pencil box is open, there should be
one circle and one rectangle. Then, we found the perimeter of the circle as

24. We found r as 4 since the diameter is 8 in our problem. The short side of
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the rectangle is 10 cm. Then, we divided all numbers by 10 because we

chose the layer as 10 cm x 10 cm.

Researcher: What does all numbers mean? Why did you choose the layer as
10 cm x 10 cm?

Student 14: All numbers means the long and short side of the rectangle and
the diameter of the circle. We divided all these sizes by 10 because we chose
the layer as 10 cm x 10 cm. We chose the layer as 10 cm x 10 cm because
in the problem, the layer is 100 cm x 100 cm. It was too big. We thought
that we can place and draw rectangles and circles on a 10 cm x 10 cm layer

easily.

Researcher: Okey, you used ratio and proportion. You made the rectangle,

. . . 1
circle and layer smaller by using ratio of s Then?

Student 14: Yes. Then, we tried to place the rectangles and circles on the
layer. We thought that we could place 3 rectangles horizontally in a row. To
prove this, we multiplied 3 by 2,4 — 3 x long side of the rectangle and found

7,2. Then, we multiplied 3 by 0,8 since the diameter of the circle was 0,8.
Researcher: Why did you use 3 circles?

Student 14: Because we placed 3 rectangles on the layer. We needed 3

circles and 3 rectangles to make 3 pencil boxes.
Researcher: Okey.

Student 14: Then, 3x0,8 is equal to 2,4 cm. We added 2,4 and 7,2 and found
9,6. 9,6 is the area that we used in the square layer. There are 10 rectangles
vertically and 3 rectangles horizontally. In total, there are 30 rectangles and
30 circles. It means 30 pencil boxes. When we make the layer 100 cm x 100
cm, there will be 300 rectangles and 300 circles. It makes 300 pencil boxes
but we noticed that we did not enlarge the rectangles and circles while

listening to Student 1 and Student 2’s presentation.
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Researcher: Okey, you can revise your solution.
Student 14: Yes.

This conversation between the student and the researcher shows that the students in
the 5" group found 300 pencil boxes at the end. However, similar to the 1% group’s
misconception, they forgot to reconstruct the squares and circles while
reconstructing the layer. After they revised their solutions, the 5™ group found the

answer as 30 pencil boxes.

Finding the Sizes of the Square Layer for Minimum Waste. When the fifth
group’s solution for the second question was examined, it was seen that they did

not change the sizes of the layer, and wanted to use a 100 cm x 100 cm square layer.

Below is the conversation related to students’ solution for the second question of
Minimum Waste, Maximum Pencil Box MEA between Student 14 and the

researcher in the semi-structured interview.

Student 14: We again chose a 100 cm x 100 cm layer since the amount of
waste was less. When we placed the circles and rectangles, there remained
a waste area of 0,4 horizontally. This was tiny. There was already minimum

amount of wasted area which was targeted in the question.

Researcher: | t means you said that there is already minimum amount of

waste materials.

Student 14: Yes, teacher. We thought that if we enlarge the layer, the amount

of waste will increase.

As deduced, the students thought that they could choose a square layer of with same
size since when three circles and three rectangles were placed, there was less
amount of waste. Therefore, they did not feel the need to change the sizes of the

square layer.
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Researcher’s account of Group 5’s model of Minimum Waste, Maximum
Pencil Box. Similar to the 1t group’s answer, the solution of the students in the 5™

group was based on ratio and proportion mathematically because they used the ratio
of % In addition, they used right circular cylinder, rectangle, circle and square

concepts and the properties of these concepts while solving the problem. The model
that | discovered as the researcher from the solution of the students in the fifth group
is given in Figure 4.32. As can be seen from the figure below, the students
developed a visual model by placing 3 rectangles and 1 more rectangle for 3 circles

side by side in a row.

OOO mmm) 4 rectangles = 3 pencil boxes

Figure 4.32 Student-drawn model of the students in the 5" group for the Min.
Waste, Max. Pencil Box MEA

To conclude, the net of a cylinder consists of two circles and one rectangle. If 7t is
taken as 3, three times the diameter of one circle is equal to the side of the rectangle
surrounded by the circle. In other words, 6r is equal to the long side of the rectangle.
Since 3 rectangles are placed side by side horizontally, their length is equal to 3
times 6r, which is 18r. The diameter of three circles is 3.2r, 6r. If the circle’s
diameter is smaller than or equal to the other side of the rectangle not surrounded
by the circle, three circles can be placed into one rectangle. Thereby, a model
consisting of 4 rectangles whose long side is 24r can be constructed. Concisely, the

students reached the conclusion shown in Figure 4.34 using geometric reasoning.
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18r + 6r = 24r
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3.6r = 18r 3.2r = 6r
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Figure 4.33 Researcher-generated model based on Group 5°s ways of thinking for
Min. Waste, Max. Pencil Box MEA

Furthermore, the students reached another conclusion that if they enlarge a shape
with a specific ratio, they must enlarge other shapes corresponding to the main

shape with the same ratio as the students in the 1% and 4" group did.

4.2  Mathematical Learning Residuals

When all groups’ solutions to Trash Trouble were examined, it can be said that all
five groups solved the problem by using different ways. To illustrate, the 1% group
used pattern and generalization while the 3" group used arithmetic average
concepts. Although they solved the problem by using different ways, there were
some points in common in their solutions. For example, most of the groups tried to
find the amount of increase/decrease between the amount of trash in years. Cross-
comparison of the characteristics of the models of five groups for Trash Trouble is

set out in Table 4.1 below.
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Table 4.1 Cross-comparison of the characteristics of the models of five groups for
the Trash Trouble MEA

Amount of trash to produce
Groups Amount of trash in 2025 650.000 MWh of electricity
from landfill gas in 2025

Finding the amount of Proportioning the amount of

increase/decrease between the amount trash to the amount of electrical

Group 1
P of trash energy and using arithmetic

Generating an algebraic pattern average

Examining the total change in the
amount of trash between 2014 and

Group 2 2015 -
Making a guess without any

computation

Proportioning the amount of

o electrical energy to the amount
Finding the average amount of trash .
Group 3 of electrical energy and
per year o
proportioning the amount of

trash to the amount of trash

Finding the difference between the

amount of trash in 2019 and the o ) )
] Finding the amount of increase in
Group 4 amount of trash in 2004 o
the electricity per year

Finding the amount of increase in the

trash per year

Examining the amount of increase

Group 5 between years

Generating a pattern

Table 4.1 presents that all five groups tried to develop a model to solve the first part

of Trash Trouble. However, while the 1%, 3@ and 4™ groups developed a model, the
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2" and 5" groups did not develop a model for the second part of the problem. As
the researcher, the model that I saw as more satisfying was the first group’s model
since they examined the amount of increase and determined an algebraic pattern. In
addition, since the amount of increases was different, the 1 group’s model was
strong in terms of determining the amount of trash in the targeted year. As the
researcher, the model that | saw as the least strong was the second group’s model

because they just made a guess without any mathematical thinking and reasoning.

Group 1 used pattern and generalization for the first part while using ratio and
proportion and the arithmetic average for the second part. Thus, it can be said that
their solution approaches were not exactly related. Group 3 used the arithmetic
average for the first part and used build-up strategy (between ratio model) for the
second part. While finding the average amount of trash per year, they proportioned
the total amount of trash to the total number of years. Consequently, their
approaches in the first and second parts of the problem were related. Group 4’s
approaches were also related since they used unit ratio in both parts. Therefore, it
can be said that Group 3 and 4’s approaches could have helped them develop a
solution in the second part. For Group 2, their approach of making a guess without
any computation in the first part of the problem could have prevented them from
developing a solution in the second part. Similar to the 2" group, Group 5 did not
develop a model for the second part. The reason might be that they could not make

a relation between trash and electricity.

In a similar vein, there were some points in common based on the groups’ solutions
for Minimum Waste, Maximum Pencil Box. For instance, all groups tried to draw
the net of the cylinder, and the 1%, 4™ and 5™ groups used ratio and proportion.
Moreover, the 1%, 3 and 5™ groups placed the nets by decomposing the shapes,

while the other groups placed the nets without decomposing the shapes. Cross-
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comparison of the characteristics of the models of five groups for Minimum Waste,

Maximum Pencil Box is shown in Table 4.2 below.

Table 4.2 Cross-comparison of the characteristics of the models of five groups for

the Minimum Waste, Maximum Pencil Box MEA

G Finding the maximum number of Finding the sizes of the square
roups
P pencil boxes layer for minimum waste
Attending to the net of the shape
Finding the ratio of sizes of the layer to
Group  sizes of the pencil box Doubling the sizes of the square
1 Aligning the nets by decomposing the layer
shapes (placing three circles into a
rectangle)
Attending to the net of the shape
Group — . .
) Aligning the nets without decomposing -
the shapes
s Aligning the nets by decomposing the Changing the height of the pencil
rou
3 P shapes (placing one circle and one box without changing its radius
rectangle next to each other) and the sizes of the layer
Finding the ratio of the sizes of the layer
to the sizes of the pencil box ) )
Group i Doubling the sizes of the square
Area-based solution
4 _ i i layer
Aligning the nets without decomposing
the shapes
Finding the ratio of the sizes of the layer
to the sizes of the pencil box ) )
Group _ i Not changing the sizes of the
Aligning the nets by decomposing the
5 square layer

shapes (placing three circles and three

rectangles next to each other)
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Table 4.2 illustrates that all of five groups tried to develop a model to solve the first
part of Minimum Waste, Maximum Pencil Box. Nevertheless, the second group did
not develop a model to solve the second part of the problem. As the researcher, the
model that I saw as more satisfying was the first group’s model since, they
constructed the model by placing 3 circles into 1 rectangle and made a more regular
layout with less waste on the layer. As the researcher, the model that | saw as the
least strong was the second group’s model because they just placed the rectangles

and circles in the layer randomly. They did not construct an actual model.

For groups 1 and 4, the approach of using ratio and proportion to make the layer
and other shapes smaller in the first part helped them solve the second part of the
problem. They also used ratio and proportion and enlarged the layer in the second
part. That is to say, their approaches in the first and second parts of the problem
were related. For group 2, their approach of random placement and not reaching the
exact result in the first part of the problem could have limited them in terms of
developing a solution in the second part. Group 3 reached solution unrelated to what
the second question had asked for, and Group 5 did not change the sizes of the
square layer for the second question. It means that these two groups’ approaches in

the second question were not related to their approaches in the first question.

4.3  Environmental Learning Residuals

When written works, letters, presentations, semi-structured interviews and post-
activity participant forms of all students were examined, learning residuals of
students related to environmental issues were grouped under two themes for both
MEAs. These themes raised students’ awareness about the issue in two ways (1)

understanding a local situation and (2) thinking about action strategies.
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4.3.1 Raising awareness about the issue: Understanding a local situation

The students learned information about the excess amount of trash and inadequacy
of recycling facilities for the Trash Trouble MEA. Below are some examples of the

answers given by the students related to this theme.

“Turkey ranks number two in terms of the amount of trash and cannot
recycle most of this garbage.” (Student 2’s answer in the post-activity

participant form)

“l was aware that there is too much trash in Istanbul and that even one person
can produce thousands of trash.” (Student 1’s answer in the post-activity

participant form)

“I realized how much human beings pollute the environment based on the

amount of trash.” (Student 9’s answer during the semi-structured interview)

“This is just the amount of trash in Istanbul, if we add up the amount of trash
in Turkey, it means there is too much trash in our country.” (Student 11°s

answer during group presentations)

“We realized how much trash we produce.” (Student 6’s answer in the post-

activity participant form)

“I learned there is too much trash in Istanbul, but there are not enough
recycling facilities.” (Student 8’s answer during the semi-structured

interview)

Based on the responses above, it can be deduced that the students did not know the
amount of trash and inadequacy of recycling facilities in Istanbul before reading the
article given in the Trash Trouble MEA. In other words, they gained information
about the trash issue, which is one of the environmental issues that we have, through
the Trash Trouble MEA.
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Similarly, the students learned information about excess amount of waste material,
wastes taking up too much space, and lack of storage areas for the Minimum Waste,
Maximum Pencil Box MEA. Below are some examples of the answers given by the

students related to this theme.

“I noticed that the amount of waste was very much even when making a

pencil box.” (Student 6’s answer during group presentations)

“We learned that there are many environmental problems such as excess

waste.” (Student 5’s answer during group presentations)

“We produce a lot of waste. | noticed that we must decrease the amount of

waste we produce.” (Student 14’s answer during group presentations)

“Thanks to the reading passage that we read before the problem, I learned
that wastes take up too much space, and there is not enough space to store

them.” (Student 2’s answer in the post-activity participant form)

These examples shows that the students realized that there are so much waste
materials, too much space is needed to store them; however, there is not enough
space for storage. This means that they gained knowledge about waste issue, which
is one of the environmental issues, through the Minimum Waste, Maximum Pencil
Box MEA.

4.3.2 Raising awareness about the issue: Thinking about action strategies

The students raise awareness about the issue stated that they wanted to inform the
people around them and think of what can be done to reduce the amount of waste
for the Trash Trouble MEA. Below are some examples of the answers given by the

students related to this theme.

“I informed my family that we should throw our garbage into the recycling

bins.” (Student 3’s answer in the post-activity participant form)

112



“I informed my family and my younger brother as to the amount of waste.”

(Student 14’s answer in the post-activity participant form)

“We should use products that generate less amount of trash.” (Student 8’s

answer during the semi-structured interview)

“If we put cans of recycling for oil and batteries at the beginning and the
end of every street, there will be less amount of garbage.” (Student 10’s
answer during group presentations and in the letter)

“We should use our things economically and recycle waste materials.”

(Student 12’s answer in the post-activity participant form)

As seen, the students not only understood the importance of the issue but also
emphasized what kind of action strategies were necessary under favor of Trash
Trouble MEA. For instance, they emphasized the usage of recycling, thinking about
profit-damage balance, or informing their family to reduce the amount of waste.
Those are beyond understanding the issue, and they particularly mentioned about

the action strategies that could be done.

In a similar vein, the students raise awareness or inform the people around them,
and think of what can be done to reduce the amount of thanks to the Minimum
Waste, Maximum Pencil Box MEA. Below are some examples of the answers given

by the students related to this theme.

“My brother wastes a lot of blank papers while cutting out his drawings on
the paper. Thus, | informed him about this issue.” (Student 12’s answer in

the post-activity participant form)

“We can use products that will reduce the amount of waste.” (Student 8’s

answer during the semi-structured interview)
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“We can both make profit and reduce our damage to the environment by
producing more products with less waste.” (Student 10’s answer during

group presentations)

“We should focus more on recycling. Therefore, we can use cans of

recycling.” (Student 14’s answer during the semi-structured interview)

As it is seen in these responses, the students not only understood the importance of
the issue but also emphasized what kind of actions were necessary with the help of
the Minimum Waste, Maximum Pencil Box MEA. To illustrate, usage of recycling,
thinking about the profit-damage balance, or self-control about consumption of
paper could be some action strategies to reduce the amount of waste. Those actions
often involved the ones that they could individually do in their daily lives.
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CHAPTER 5

CONCLUSION AND DISCUSSION

The purpose of this study was to examine 7" grade students’ learning residuals
about mathematics and environmental issues in model-eliciting activities that were
designed to address an environmental issue - waste management. In this chapter,
conclusions that were explained in detail in the previous chapter are summarized
and discussed. In addition, implications of the study and recommendations for
further research are presented based on the conclusions of this study.

5.1  Discussion of the Findings

The discussion of the findings are presented under two sections based on the
research questions. These sections are mathematical learning residuals and

environmental learning residuals, respectively.

51.1 Mathematical Learning Residuals

Based on the findings related to mathematical learning residuals, the students used
algebra, pattern and generalization, ratio and proportion, and arithmetic average
concepts in the Trash Trouble MEA. They used geometry (circle, right circular
cylinder, rectangle and square), ratio and proportion, area and perimeter concepts

in the Minimum Waste, Maximum Pencil Box MEA.

The findings of the students’ solutions in the Trash Trouble MEA indicate that all
of the fourteen 7" grade students in five groups solved the first part of the problem.
On the other hand, while the 1%, 3, 4" and 5" groups developed a mathematical
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model, the students in the 2" group solved the first part of the problem without
developing a model. The solutions of 1%, 3" 4" and 5" groups included
mathematical models since they used a model of algebraic expression or a ratio.
The solutions of the students in the 2" group did not include a model since they
only made a guess without any computation. In a similar vein, for the second part
of the problem, while the 1% and 3 groups developed models using a ratio, the 2"
and 5" groups did not solve the problem or develop a model since they did not do
any work. In addition, the students in the 4™ group did not develop a model since

they did not find what was expected in the question and did not make any revisions.

The findings of the students’ solutions in the Minimum Waste, Maximum Pencil
Box MEA reveals that all groups except the 2" one solved the problem and
developed a mathematical model in the first part of the problem. The 1%, 3@ and 5™
groups developed a visual model by placing the rectangles and circles based on
geometric reasoning while the 4™ group developed a model of expression by
dividing the area of the layer by the total area of the materials. The solution of
students in the 2" group did not include a model since they placed the rectangles
and circles randomly without making sense. Similar to the findings of the first part,
the students in the 2" group did not solve the second part of the problem. The

group’s productions in these two MEAs were summarized in Table 5.1 below.
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Table 5.1 The summary of the groups’ model productions

Trash Trouble MEA Minimum Waste, Maximum Pencil Box MEA

Groups

Part 1 Part 2 Part 1 Part 2
Group 1 * * * +
Group 2 + - - -
Group 3 * * * +
Group 4 * - * +
Group 5 * - * +

* 1 Groups that solved the problem with a model
+ : Groups that solved the problem without a model

- . Groups that could not solve the problem

As can be seen from the table above, the performance of the 1% and 3" groups was
better than that of other groups since they solved the first and second parts of the
Trash Trouble MEA by developing models. They solved the Minimum Waste,
Maximum Pencil Box MEA by developing partial models — by using models in the
first part of the problem. The 2" group could not develop any model for either
MEAs, and they could not solve the Minimum Waste, Maximum Pencil Box MEA
completely. The 4" and 5™ groups solved the first part of the Trash Trouble MEA
by developing models, but they could not solve the second part of the problem.
Similar to the 1% and 3" groups, the 4" and 5" groups solved the Minimum Waste,

Maximum Pencil Box MEA by developing partial models.

Based on the findings of this study, there were five main conclusions. Firstly, the
current study found that most of the five groups developed similar ideas and used
similar mathematical concepts in both questions. For example, in the Trash Trouble
MEA, most of the five groups tried to find the amount of increase/decrease in the
amount of trash between years using numbers and operations. In the Minimum

Waste, Maximum Pencil Box MEA, the 1%, 4" and 5" groups used ratio and
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proportion - by using a smaller layer - to find the number of pencil boxes they could
place on the layer. Moreover, the 1%, 2", 3" and 5" groups used the right circular
cylinder and its properties while solving the Minimum Waste, Maximum Pencil
Box MEA. This finding seems to be consistent with other researchers that found
that two groups of 7" grade students showed similar mathematical ideas and
cyclical processes while solving the modeling problem called Weather Problem
(Inan Tutkun & Didis Kabar, 2018).

The second conclusion was that although some groups did not generate a model or
find a solution for the problems, some groups developed/used powerful
mathematical ideas and/or a powerful model with multiple mathematical
knowledge. Similar to this conclusion, in the study of Mousoulides and English
(2011), two out of six groups did not develop suitable models while the other four
groups developed suitable models with various mathematical concepts such as
average or equation. In this study, the students in the 3™ group developed models
using arithmetic average and build-up strategy (between ratio), and the students in
the 1% group developed models using algebra, pattern and generalization, arithmetic
average, and ratio and proportion for the Trash Trouble MEA. In the first part of
the solution found by the students in the 3™ group, arithmetic average was useful
since they found the average amount of trash per year. In the first part of the solution
found by the students in the 1% group, algebraic pattern was useful since they found

the amount of trash for the targeted year based on this pattern.

For the Minimum Waste, Maximum Pencil Box MEA, the students in the 1% group
developed a geometrical model using ratio and proportion, right circular cylinder,
rectangle, circle and square concepts. Right circular cylinder, rectangle, circle and
square concepts were necessary to solve the Minimum Waste, Maximum Pencil
Box MEA since metal pencil box is a kind of right circular cylinder. Students had
to know the materials required to make a pencil box which is the net of a right
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circular cylinder consisting of a rectangle and two circles. Mathematical ideas

involved in models of other groups are summarized in Table 5.2 below.

Table 5.2 Mathematical concepts used in the groups’ models

Mathematical Concepts used in the Groups’ Models

Groups Minimum Waste, Maximum Pencil Box
Trash Trouble MEA
MEA
ratio and proportion
algebra ) ) )
o right circular cylinder
pattern and generalization
Group 1 ) ] rectangle
arithmetic average
) i square
ratio and proportion )
circle
right circular cylinder
rectangle
Group2 -
square
circle
) ] right circular cylinder
arithmetic average
) rectangle
Group 3 build-up strategy (between
) square
ratio) )
circle
o ratio and proportion
Group 4  unitratio
area
ratio and proportion
right circular cylinder
algebra
Group 5 o rectangle
pattern and generalization
square
circle

This finding is in accord with recent studies in terms of including important

mathematical topics in the models (Aliprantis & Carmona, 2003; Mousoulides et
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al., 2009; Stohlman, 2017). In Stohlman’s study (2017), five groups that included
19 middle school students developed productive models including measurement
(length and height), algebraic equation and ratio in the MEA called Bigfoot.
Likewise, Aliprantis and Carmona (2003) found that twelve groups of middle
school students expressed their mathematical ideas and developed models using a
representational systems in the modeling activity - an adapted economics problem.
In addition, Mousoulides et al. (2009) reported that twenty-two 11-year-old students
constructed various models such as algebraic or graphical while solving the

complex environmental problem of water shortage.

Thirdly, as can be seen from the density of the mathematical concepts in the table
above, there was an obvious difference in the solutions of the first and second
problems. The reason for this difference might be that the Minimum Waste,
Maximum Pencil Box MEA involved more geometrical and visual elements
compared to the Trash Trouble MEA because of the content of the problem.
Furthermore, there were differences between the models generated by the students
in the first and second problems. This means that the students generally developed
verbal and algebraic models in the Trash Trouble MEA. On the other hand, they
generally developed visual models in the Minimum Waste, Maximum Pencil Box
MEA. A possible explanation for this difference might be that the models in the
second problem had more geometric aspects due to the content of the problem. This
conclusion is compatible with the study of Hidiroglu and Ozkan Hidiroglu (2017).
They found that the content of the problem was one of the problem-based factors
that affected the students’ models. In their study, 6" grade students constructed
models containing more pictures and figures in the problems that asked for the
height of straw bales and the maximum number of vehicles that could be parked in
the garden in front of the school building. On the other hand, they constructed
models containing more tables and lists in the problems that asked for an
approximate number of students in the school and the average amount of water

consumption in a week.
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The fourth conclusion was that in both problems, the models of some groups were
stronger while other models were weaker from the researcher’s perspective. In the
Minimum Waste, Maximum Pencil Box MEA, the model of the 1% group was
strong since they placed three circles into a rectangle to make a more organized
placement with less amount of waste. In the Trash Trouble MEA, the model of the
2" group was weaker since they concluded the problem by making a guess without
any mathematical computation or reasoning. The students’ mathematical
background or their prior knowledge might be possible reasons for this conclusion.
For instance, the students in the 4™ group had some misconceptions related to area
and perimeter concepts in the Minimum Waste, Maximum Pencil Box MEA. This
conclusion is in agreement with Hidiroglu and Ozkan Hidiroglu’s (2017) findings
which showed that some students tried to conclude problems with less complicated
models due to their prior mathematical knowledge. On the other hand, in their study,
some students did not develop a suitable model because they confused the units of
length and area concepts in the modeling problem that asked for the height of straw
bales. The second possible reason might be time-management. Since mathematical
modeling is a time-demanding process, while the time allocated for modeling
problems in this study was sufficient for some groups to create strong models, it
may have been insufficient for others. This finding further supports the idea of
Dedebas (2017) who stated that time limitation led to development of less strong

models for 5" grade students.

The last conclusion emerging from this study was that the students in the 2" group
did not generate a model for either problems (see Table 5.1 above). Similar to this
finding, Aliprantis and Carmona (2003) stated that while some groups generated
models, others could not generate a model. There might be some reasons for that
conclusion. Firstly, according to Blum and Ferri (2009), the first step of the
modeling cycle is the situation model which means that problem solvers should
understand the problem situation. In this study, the students in the 2" group

expressed that they did not understand the problem. Thus, they could not generate
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a model. This finding corroborates the ideas of Jankvist and Niss (2020) who found
that majority of 315 Danish students (grades 10, 11 and 12) had difficulty in
understanding problems while working with six modeling tasks. This finding is also
supported by Hidiroglu and Ozkan Hidiroglu (2017), who concluded that
understanding the problem was one of the student-based factors that affected
students’ models. In their study, the students who could not understand the problem
either could not generate a model or drew irrelevant picture-types models.
Secondly, they could not generate a model because of time management since
modeling is a time-demanding process; even though they develop an initial idea,
constructing a model requires a certain amount of time. This finding supports the
evidence from the study of Deniz and Kurt (2022) who found that students had
problems with time management while developing models. This finding is also
consistent with the findings of Greefrath’s (2013) study. He found that secondary
school students who spent necessary time to understand the problem and plan the
process used mathematical terms and models while solving problems. However, the
students who did not spend the necessary time to understand the problem and plan

the process did not use mathematical terms and models sufficiently.

512 Environmental Learning Residuals

In schools, environmental education is necessary to protect and improve
environment (Loughland et al., 2010). Rickinson et al. (2009) stated that two aims
of environmental learning are to raise awareness and to take actions as to the
environment by developing students’ critical thinking. Based on the findings of this
study related to environmental learning residuals, the students raised awareness for
two things: (1) to understand the current and local situation (that calls a risk) and
(2) to develop action strategies for a sustainable future. More specifically, the
students were informed about the trash issue in Istanbul which is related to
understanding the current/local situation, and they thought of possible action

strategies to solve this issue through the Trash Trouble MEA. This awareness came
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from the content of the modeling problem, and the mathematical models that the
students developed as a solution for these environmental issues were an important

aspect of their modeling process.

In the first part of the Trash Trouble MEA, which asked for how much trash will be
produced in Istanbul in 2025 have raised awareness about a local situation since the
question included information about the amount of trash in Istanbul between 2004
and 2019. The students have realized the seriousness of the local situation by
examining the data indicating that the amount of trash increases almost every year.
It was also evident in Student 1’s statement from the post-activity participant form
as given in the findings in detail: “I was aware that there is too much trash in
Istanbul, and that even one person can produce thousands of trash.” Moreover, the
context of the problems should be authentic or taken from the real-life to make
learning permanent, and model-eliciting activities are simulations of real-life (Lesh
et al., 2000; Van de Walle et al., 2013). In this study, students’ awareness related to
local waste management increased since the Trash Trouble MEA focused on the
trash issue where students lived. In other words, the context of the modeling
problem that was from students’ immediate environment helped them to realize the
local issue. The 1% group developed a model with an algebraic pattern to present
that the amount of trash increases continuously. In other words, the students raised
awareness about the amount of trash in Istanbul and reflected this awareness in the
model they developed. In addition, at the end of the Trash Trouble MEA, there was
a statement: ““You can also include suggestions in your letter as to how the amount
of trash produced each year can be reduced.” This statement led students to develop
action strategies for a sustainable future. It was also evident in Student 10’s
statement from the group presentations as given in the findings in detail: “If we put
recycling bins for oil and batteries at the beginning and the end of every street, there

will be less amount of garbage.”
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In the Minimum Waste, Maximum Pencil Box MEA, the first part of the problem
was related to developing a model to minimize the amount of waste materials when
making the bottoms and sidewalls of a metal pencil box on a 100 cm x 100 cm
square layer. This part has raised awareness about the current/local situation
because it took students’ attention to the wasted material and set the goal of
minimizing the amount of waste materials while placing the bottoms and sidewalls
of the metal pencil box on the layer. It was also evident in Student 6’s statement
from the group presentations as given in the findings in detail: “I noticed that there
was so much waste even when making pencil boxes.” In the solution of the 1%
group, they developed a model by placing three circles into a rectangle instead of
placing rectangles and circles randomly to provide minimum waste with this
awareness. Moreover, the second part of the problem was, “Assuming that the
pencil box’s radius and height will not change, what should be the size of the square
layer to be used to have minimum amount of waste and the maximum number of
pencil boxes?” This part led students to develop action strategies for a sustainable
future by associating the problem with other real-life situations. In the solution of
the 5™ group, the students did not change the sizes of the square layer since they
thought that there was less amount of waste. It means that they understood the
seriousness of the risk, and they did not want to increase the amount of waste by
changing the sizes of the square layer. Apart from the questions in both problems,
the reading passages and readiness questions raised awareness about the current
situation and led students to develop action strategies.

In short, it can be said that the content of the modeling problems and the students’
solutions/models for these problems led students to understand current and/or local
situations and propose action strategies. This conclusion is also parallel to the E-
STEM education which allows students to realize environmental problems during
the problem-solving process, raise their awareness and take actions so as to solve
these problems (NAAEE, 2013). In other words, the students noticed the

environmental issue and tried to find a solution to this issue while engaging in
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model-eliciting activities in this study. This finding further supports the idea of
Giirbiiz and Calik (2021) who found that seventh grade students’ awareness related
to waste management increased, and they thought they were responsible for their
immediate environment through interdisciplinary mathematical modeling activities.
Therefore, mathematical learning residuals and environmental learning residuals
are integrated. This integration is also related to STEM education and the
interdisciplinary nature of mathematical modeling. It is related to STEM education
since students join a problem-solving process by combining two or more STEM
fields which are science, technology, engineering and mathematics (Sanders, 2009;
Shaughnessy, 2013). It is also related to the interdisciplinary nature of mathematical
modeling since rather than traditional education that does not include real-life
situations, modeling includes interdisciplinary and authentic real-life problems in
nature (Erbas et al., 2014). Therefore, the model-eliciting activities used in this
study associated mathematics with science (an environmental problem of
waste/trash). Similarly, in the study of English and Mousoulides (2011), an
environmental engineering problem (related to developing a model to supply water
for Cyprus) was presented to thirty-eight 11-year-old students in Cyprus. In their
study, some of the groups associated mathematics with science (water storage, sea

pollution or energy consumption) while developing their models by analyzing data.

Dogan et al. (2019) stated that students might understand mathematical concepts in
real-life by integrating mathematics and other disciplines through interdisciplinary
mathematical modeling activities centered on STEM education. In this study,
interdisciplinary model-eliciting activities that address STEM education enabled
students to solve the problems by using mathematical concepts and science
(environmental issues). This finding was in agreement with the findings of the study
conducted by Mousoulides and English (2011). They concluded that twenty 12-
years-old students used mathematical and science concepts while solving the
engineering modeling problem related to natural gas resources and consumption. In

another study by English and Mousoulides (2015), 48 twelve-years-old students
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associated science, engineering and mathematics with each other and used them
while working on an interdisciplinary mathematical modeling problem that was

related to developing a model to construct a new bridge.

In this study, the students gained awareness related to one of the environmental
issues of trash/waste. In other words, the students gained knowledge about the
environmental issue that they did not know before. This finding is consistent with
the findings of Makki et al. (2003) in such a way that Labanese secondary school
students were lack of knowledge related to environmental issues such as recycling
or pollution. This awareness led students to propose action strategies about what
they can do to solve these issues. It was also evident in Student 8’s statement from
the semi-structured interview as given in the findings in detail: “We can use
products that will reduce the amount of waste.” In addition, this awareness may lead
them to make it a manner of life to protect the environment. This finding reflects
those of Art and Yilmaz (2017) who found that middle school students developed
pro-environmental behaviors such as using eco-friendly products with the help of
environmental awareness. This finding is also supported by the findings of the study
conducted by Susilawati et al. (2017). They found that seventh-grade students
improved their attitudes towards the environmental issue of waste and its
management at both school and home by using project-based learning with mind

maps.

5.2  Implications of the Study

There were two major implications for educational practices in the light of the
findings of this study. In this study, two model-eliciting activities that included
environmental issues were implemented to 7" grade students. Although all of the
groups did not develop a model or reached a solution, most of them used various
mathematical contents, showed mathematical ideas and generated strong models.

Considering all of these findings, it can be said that teachers are suggested to use
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model-eliciting activities more in their lessons. On the other hand, these findings
may help mathematics teachers understand possible mathematical and
environmental learning residuals of middle school students in these MEAs.
Therefore, middle school mathematics teachers can use these problems directly,
adapt problems based on their lesson plans, or they can write model-eliciting
activities based on these problems. In addition, the students developed different
kinds of models while working on model-eliciting activities that included
environmental issues in this study. These activities can create a rich mathematical
discussion environment. Hence, mathematics and science teachers can develop this
kind of realistic, interdisciplinary and purposeful problems together. These findings
may also help mathematics teacher educators organize pre-service teacher training
programs so that pre-service mathematics teachers gain awareness about the

mathematical and environmental learning residuals of middle school students.

Moreover, this study demonstrates that the students developed solutions and strong
models using multiple mathematical knowledge in model-eliciting activities, gained
insights into an environmental problem and thought about actions for future. Thus,
curriculum developers and textbook writers may include environmental-based
MEAs in mathematics curriculum and textbooks to raise students’ awareness of

environmental issues and enable them to find solutions for real-life situations.

5.3 Recommendations for Further Studies

Based on the findings of this study, some recommendations can be given for further
studies. First of all, this study was limited to 14 seventh grade middle school
students and conducted during distance education because of Covid-19 pandemic.
In order to extend the findings and eliminate the limitations of this study, collection
of an extended samples with the same grade level or other grade levels and carrying
out a similar research in face-to-face setting can be a strand of future research.

Moreover, a longitudinal study can be conducted to examine middle school
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students’ development of mathematical and environmental learning residuals in

model-eliciting activities instead of collecting data at once.

Secondly, there were two model-eliciting activities related to the issue of
trash/waste as an environmental problem in this study. In future investigations, it
might be possible to integrate different environmental problems with model-
eliciting activities to draw attention to and take action for a sustainable future. For
instance, model-eliciting activities may be developed related to climate change,
which is a serious environmental problem. Furthermore, an interdisciplinary study
can be conducted with other STEM area(s) such as technology instead of only
science. To illustrate, the technology aspect can be added to the strand of this study.
To do this, students can use mathematical software such as GeoGebra while solving

problems.

Thirdly, this study focused on 7™ grade students’ learning residuals about
mathematics and environmental issues in model-eliciting activities that address
environmental issues. In addition to learning residuals related to mathematics and
environmental issues, students gain an understanding of how mathematics is
beneficial in real-life situations. This understanding can enable students to develop
positive attitudes towards mathematics. Therefore, further research may focus on
the attitudes or beliefs of middle school students who engage in model-eliciting

activities regarding mathematical modeling and environmental issues.

Lastly, model-eliciting activities used in this study serves as an initiating experience
for students to understand current and/or local situations and to develop action
strategies for that situation. Therefore, these kind of activities may be implemented

in the eco-schools by integrating science and mathematics so that students gain
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awareness related to local situations and propose what can be done to solve the local

problem.
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APPENDICES

A. Model-Eliciting Activity 1

Istanbul’da bir Kisi yilda 287 kg ¢op iiretiyor, yilhk ¢6p miktar1 6 milyon tona
yaklastyor

22.01.2020 — Hazar Dost - https://medyascope.tv

Istanbul Biiyiiksehir Belediyesi’nin (IBB) A¢ik Veri Portali, 2004-2019 yillar1 arasindaki
evsel atik verilerini yayrmladi. Bu verilere gore 2019°da Istanbul’da toplam 8 milyon 827

bin ton ¢dp iiretildi. Istanbul, 2004 yilinda 3 milyon 216 bin ton ¢dp iiretiyordu.

Verilere gore, Istanbul’da yasayan bir kisi yilda 287 kilogram ¢&p iiretiyor. Ortalama iic

kisilik bir ailenin evinden giinliik 2,5 kilograma yakin evsel atik ¢ikiyor.
En fazla ¢opii Esenyurt ilcesi iiretiyor

Evsel atik iiretiminin en fazla oldugu ilge Esenyurt. 2004-2019 yillar1 arasinda 2 milyon
530 ton ¢0p lireten Esenyurt, 2019 yilinda ise 262 bin 284 tonluk ¢&p iiretimiyle ilk sirada

yer aliyor.

Tiirkiye’de 829 geri doniisiim tesisi var

IBB’nin geri doniisiim progranmi dogrultusunda istanbul’un ¢dplerinden elektrik enerjisi de
iiretiliyor. Istanbul’da 800 bin kisinin elektrik enerjisi ihtiyaci evsel atiklarin geri
doniistiiriilmesiyle karsilanabiliyor. Ancak geri doniisiim tesislerinin sayisi yine de Avrupa

iilkelerinin gerisinde.

Tiirkiye, Avrupa’da Fransa’yla beraber en fazla evsel atik iireten ikinci iilke. Fakat atiklarin
geri doniistiiriilmesi konusunda Avrupa’nin gerisinde. Almanya’da 8 bin 433, italya’da 4
bin 979, Ispanya’da ise 3 bin 485 geri doniisiim tesisi bulunuyor. Tiirkiye’de ise geri

doniisiim tesisi sayis1 829.
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Avrupa Ulkelerinde Geri Déntisum Tesisleri (2016)

- 20146'da Avrupc Birligi Ukelerinde toplam

33.000 geri donlsim fesisi foakyst
Qdsteryor.

- En fozo fesis kurulu AB Oye Ulkeleri

+ Almonyc 8.433
- Italyc 4979

- Isponya 3.485
- Polonyo 2.858
- ingitere 2.700

- Geri kazanim amagh 3.270 ahk yakma (R10)

tesisi bulunuyor. (33.000 harici). Aynica
dizenll depolama, biyoiofik antma vb. diger
ger kazonim ve/veya bertarof tesisiert
bulunuyor.

- 2014 yih igin Tirkiye'de 829 geri doniisim

tesisi bulunuyor,

- Not: Finlondiya. fronso. Hollando, Portekiz,

Sirbistan, Turkiye ve Yunanistan igin 2014
veriien kulianidi.

Geri Donusum Tesisi Sayms:
B 250'ye kadar
250 - 1.000
B 1 000-2.500
2 Horita: Rifat Uno:
I 2 500 ve Uzer Sayman, 2018;
Veri Koynoge
Lurostat, 2018

Bolgesel Cevre Merkezi (REC Tiirkiye) Direktorii Rifat Unal Sayman’i arastirmasi da,

evsel atik liretiminin 6niimiizdeki yillarda ciddi sekilde artacagim ortaya koyuyor.

Tiirkiye’de 29 il ¢coplerin yiizde 99’unu geri doniistiiremiyor

Aralarinda iki bityiiksehir belediyesinin de oldugu 29 il, giinliik atiklarin yiizde 99’unu geri

doniistiiremiyor. Atiklarin doniistiiriilmesi konusunda yiizde 53°le Ankara birinci sirada.

Istanbul ise ¢oplerin sadece yiizde 9’unu doniistiirebiliyor.

Evsel Atik Geri Kazanim Oranlari (2016)

Evsel Atk Geri Kazamiminda llk 3 llin Geri
Kazanim Oranlari:

- Ankara %53

- Samsun %23

- Antalya %12
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HAZIRLIK SORULARI

1. Istanbul Biiyiiksehir Belediyesi’nin (IBB) A¢ik Veri Portali verilerine gore, evsel atik

iiretiminin en fazla oldugu il¢e hangisidir ve 2019 yilinda kag ton ¢op tiretmistir?

2. Avrupa llkeleri arasinda en fazla evsel atik iiretimi yapan tilke hangisidir?

3. Istanbul’da kag kisinin elektrik enerjisi ihtiyac1 evsel atiklarin geri déniistiiriilmesiyle

karsilanabiliyor?

4. TUIK 2018 verilerine gore belirlenen evsel atik geri kazammindaki ilk iic ili kazanim

oranlariyla birlikte yaziniz.
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COP SORUNU

Istanbul Biiyiiksehir Belediyesi, Istanbul’da iiretilen ¢dp miktarmin her gecen giin
artmasindan dolay1 gelecegimiz adina endise etmektedir. Istanbul’da toplanan evsel atiklar,
Istanbul’un her iki yakasinda bulunan diizenli depolama sahalarinda 20 y1li askin siiredir
kesintisiz olarak topragi, suyu ve havayr kirletmeyecek sekilde giivenle ortadan
kaldirilmaktadir. Ancak bu sahalar dolmak {izere oldugu i¢in kapanma tehlikesi ile kars
karstyadir. Bu sebeplerle, Belediye Baskanm1 Ekrem Imamoglu ve calisma arkadaslari
coplerin nerede saklanacagi ve nasil yeniden kullanilabilecegi konusunda g¢oziimler

bulunmas: gerektigini diisiinmektedir.
Problem Durumu:

e Istanbul’daki ¢Ople ne yapilacagina yonelik plan yapmak adma, gelecekte
Istanbul’da ne kadar ¢&p iiretilecegi konusunda bir tahmine sahip olmak 6nemlidir.
Bu sebeple, Istanbul Biiyiiksehir Belediye Baskan1 Ekrem Imamoglu ve calisma
arkadaslari, Istanbul’un 2025 yilinda ne kadar ¢op iiretecegini belirlemede sizden
yardim istiyor. 2025 yilinda iiretilecek ¢6p miktarini belirlemenize yardimei olmasi
icin Cop Sorunu Problemi-Veriler baslikli sayfadaki verileri kullaniniz. Ekrem
Imamoglu’na, Istanbul’un 2025 yilinda iiretecegi ¢op miktarmin ne olacagina dair
hesaplamalarinizin yer aldigi ve hesaplamanizi nasil yaptigimiza iligkin
prosediiriiniizii agiklayan bir mektup yaziniz. Prosediiriiniiz Istanbul’daki ¢op
iiretimi ile ilgili yeni verilerin mevcut olacagi gelecek yillarda kullanilabilecek
sekilde agiklanmalidir.

e 2025 yilinda ¢op gazindan 650.000 MWh elektrik enerjisi liretilebilmesi i¢in atik
miktar1 ne kadar olmalidir?

e Tiirkiye’de giinliik kisi basina toplanan ortalama atik miktar1 1,17 kg. Bu miktar
Istanbul’da 1,30 kg, Ankara’da ise 1,14 kg’dir. Uzmanlar Istanbul’da herhangi bir
zamanda iiretilecek atik miktarinin niifusla dogru orantili olarak Ankara’daki atik
miktarindan fazla olacagini diisiindiiiine gore, Istanbul’daki atik miktarinimn
Tiirkiye ortalamasina diismesi i¢in bir kisi yillik ortalama kag¢ kg atik iiretmelidir?

e Ayrica, mektubunuza her yil iiretilen ¢op miktarinin nasil azaltilabilecegine dair

Onerilerinizi de ekleyebilirsiniz.
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COP SORUNU PROBLEMI - VERILER

Tablo 1. Yillara gore Istanbul’da iiretilen atik miktar

Yillar Atik Miktari (ton)
2004 3.216.787
2006 3.321.910
2008 3.267.190
2010 3.372.096
2012 3.580.645
2014 3.888.079
2015 4.288.187
2016 4.805.188
2017 5.414.332
2018 5.930.460
2019 5.927.702
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Tablo 2. Yillara gore istanbul’da atiktan elde edilen geri kazanim miktarlart

Geri

Kazanim 2004 | 2009 2014 2015 2016 2017 2018 2019

Verisi
Geri

Doniisebilir
1.513 | 8.454 | 17.425 7.069 18.815 | 10.974 9.163 8.832
Malzeme
Miktari (ton)

Atiktan

Uretilmis
Yakit
Miktart1 (ton)

- 1.087 | 35.552 | 63.894 | 39.602 | 13.291 | 21.757 | 26.417

Cop
Gazindan
Uretilen
Elektrik 5.938 | 70.895 | 336.547 | 358.125 | 404.330 | 450.690 | 499.312 | 500.278
Enerjisi
Miktarlar
(MWh)

*Veriler ~Istanbul  Biiyiiksehir  Belediyesi (IBB) Acik  Veri Portali  sayfasindan
(https://data.ibb.gov.tr/) alinip diizenlenmistir.
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B. Model-Eliciting Activity 2

Atiklar1 Azaltmak Neden Bu Kadar Onemli?

21 Kasim 2019 — Solo - https://www.solo.com.au/latest_news/why-its-so-important-to-

reducewaste/

Atik s6z konusu oldugunda, ¢ogumuz geri doniistiiriilebilir tirlinlerimizi genel atiklardan
ayirmanin ve ¢oplerimizi dogru ¢op kutusuna koymanin temellerini biliyoruz. Ancak, daha

azimiz atiklarin nereye gittigini ve ¢evre tizerindeki etkisini diigliniiyoruz.

Geri doniigsiim muhtemelen ¢evreye duyarli oldugunuzu hissetmenin en kolay yoludur ve
kesinlikle faydalidir, ancak atiklarin azaltilmasinin gelecek nesiller igin siirdiiriilebilir bir

gelecek yaratmada esit derecede 6nemli oldugunu biliyor muydunuz?

Diizenli depolama alanlarmin tiikenmesine ve her yil diizenli depolama alanlarma 6,2
milyon tondan fazla organik atik géndermeye devam ettigimiz i¢in Avustralya su anda
potansiyel bir atik kriziyle kars1 karsiyadir. Bu nedenle geri doniisiim kesinlikle tesvik
edilmeli, ancak yeniden kullanmak ve atik miktarini azaltmak gibi diger seceneklere de

bakilmalidir.

Atiklar1 azaltmak, sabah kahveniz igin kullan-at bir bardak yerine tekrar tekrar
kullanilabilen fincan kullanmak veya siselenmis su satin almaktan kaginmak kadar basit
olabilir. Daha iyi atik yonetimine dogru biiyiik bir hamle gibi gériinmeyebilir, ancak herkes
ne kadar atik iirettiginin farkina varirsa topluca gezegenimiz ve gelecegi lizerine olumlu bir

etki etmeye baslayabiliriz.
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Atik miktarini azaltmanin temel nedenleri:

Atiklarin geri doniigiimii ve azaltilmasinin dnemli olmasinin bir¢cok nedeni vardir.
Cevresel nedenler genellikle cok konusulsa da atik miktarin1 azaltmak, iiriinleri
geri doniistiirmek icin daha fazla is imkani yaratir. Bu durum finansmanimiz
iizerindeki olumlu bir etkiye ayni zamanda olumlu bir sosyal etkiye sahiptir.
Yalnizca gercekten ihtiyaciniz olani satin alarak, iriinleri yeniden kullanarak
uygun atik bilinci ile paradan tasarruf edebilirsiniz.

Yeni malzemeler olusturmaya karsi, var olan malzemeleri geri doniistiirmek icin
daha az enerji kullamilir. Bu nedenle gerekli yeni kaynaklarm miktarim
sinirlandirarak biiylik miktarda enerji tasarrufu saglanabilir.

Israfimiz1 azaltarak kaynaklarimizi da koruyoruz. Aliiminyum, petrol ve agaclar
gibi kaynaklarin tiimii teneke kutular, plastik torbalar ve kagit ambalaj gibi yeni
malzemeler yapmak i¢in kullanilir.

Israfi azaltmanin en biiyiik nedenlerinden biri de depolama alanlarimizdaki alam
korumak ve 6nemli derecede alan kaplayip hava/su kirliligi kaynagi olan daha fazla

depolama alani inga etme ihtiyacini azaltmaktir.

Madencilik, rafine etme ve iiretim siireci, ¢evreye zarar veren tehlikeli sera gazi

emisyonlariin yayilmasindan sorumludur. Elimizdeki atik miktarin1 geri doniistiirerek,

yeniden kullanarak ve azaltarak, ¢cocuklarimiz ve torunlarimiz i¢in daha siirdiiriilebilir bir

gelecek insa etmeye yardimcei oluruz.
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HAZIRLIK SORULARI

1. Atik miktarin1 azaltmanin ii¢ temel nedenini yaziniz.

2. Atik miktarin1 azaltmak i¢in bireysel olarak alinabilecek dnlemlere ne gibi 6rnekler

verebilirsiniz?

3. Yeni malzemeler olusturmaya karsi, var olan malzemeleri geri doniistiirmek neden

Onemlidir?

4. Atiklarin depolanma alanlarinda ne gibi sorunlar yasanabilir?
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MINIMUM ATIK, MAKSIMUM KALEMLIK!

KIiME: Miihendislik Ekibi

KIMDEN: istanbul Mimarlik ve Miihendislik
Sirketi, CEO: Imalat Malzemeleri

KONU: Metal Kalemlik Uretimi

ABC Kirtasiye, metal kalemlik iiretimi konusunda sirketimizle iletisime gecti. Bu daha
once iiretmedigimiz yeni bir {iriin olacaktir, bu nedenle {iretim i¢in etkin bir prosediiriimiiz
oldugundan emin olmamiz énemlidir. Sirket bizden bosa giden malzeme miktarini en aza

indirecek sekilde istenilen dlgiilerde renkli metal kalemlikler {iretmemizi istiyor.

Metal kalemlikleri liretmek i¢in tam otomatik bir makine satin aldik. Makine gerekli tiim
malzemeleri tek bir tabakadan tek seferde ¢ikaracaktir. Bu nedenle de, bu tabakanin iizerine
gerekli sekillerin gerekli 6lgiilerde ve gerekli sayida dizgisinin yapilmasi gerekmektedir.
Makine kalemligi olusturmak igin gerekli iki sekli kestiginde sirketimizin bosa giden
malzemeyi en aza indirgemek i¢in tabakaya en iyi dizginin nasil olacagini bulmasi

Onemlidir.

kalemlik boyu : 10 cm kalemlik duvari

kalemlik tabani (¢ap: 8 cm)
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Bir raporda liitfen asagidaki bilgilerle cevap verin:

» Ekibinizin 100 cm x 100 cm’ lik bir metal malzeme tabakasina verilen boyutlardaki
esdeger sayida kalemlik tabanini ve kalemlik duvarini yerlestirecek sekilde bir
yontem agiklamas1 gerekmektedir. (Bu yerlesimi yaparken kullanacagmiz
yOntemin atik malzemeyi en aza indirgeyecek sekilde olmasina dikkat ediniz.)

» Kalemlik boyunun ve yari¢apinin degismeyecegini varsayarak, minimum miktarda
atik ve maksimum sayida kalemlik icin kullanilacak kare tabakanin dlgiileri ne
olmalidir?

» Yapacaginz islemlerde n’yi 3 aliniz.
Isbirliginiz icin simdiden tesekkiir ederiz.

Istanbul Mimarlik ve Miihendislik Sirketi, CEO
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C. The Post-Activity Participant Form

ETKINLIiK SONRASI KATILIMCI FORMU

Ad/Soyad: Tarih:

1. Bu problemi ¢ézerken hangi matematiksel konuyu/kavrami/beceriyi kullandimniz?

2. Kullandiginiz matematiksel konu/kavram/beceriyi ne kadar anladiniz?
() CokKoéti ( )Kotii ( )Orta ( )iyi () Cokiyi

Secim nedeninizi agiklaymiz:

3. Bu problemin gevresel sorunlara karsi farkindalik kazanmanizda bir etkisi oldu mu?

Nasil?

4. Bu problemin disiplinler arasi (branslar aras1) olmasi size ne gibi bir katki sagladi?
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D. METU Human Subjects Ethics Committee Approval

ORTA DOGU TEKNIK UNIVERSITESI
MIDDLE EAST TECHNICAL UNIVERSITY

ORAGUATE SCHOOL OF NATURAL AND APPLIED encEs

QUMLUPINAR BULVARI OBBOO
A R

Sayi : 44280379-000-E.36804
Konu : Ogrenci Gamze Baktemur- Anket

Calismasi
Rektsrlilk Malkama
ilgi : Matematik Ve Fen Bilimleri Egitimi B&lim Baskanhiginin 10.02.2021 tarihli ve
24422252-000-E.36614 sayih yazis:

Matematik ve Fen Bilimleri Egitimi EABD yiiksek lisans progranu Sgrencisi . Gamze
Baktemur'un "STEM Egitimine Hizmet Eden ve Cevresel Sorunlara Deginen Modelleme
Etkinliklerinin Ogrenme Kalinularn®” bashkl tez ¢alismas: kapsaminda, 26 Nisan-14 Mayis

2021 tarihleri arasinda. Istanbul- Sang¢aktepe ilgesi [I Milli Egitim Bakanhgina bagh
Samandira Ortaokulunda egitim gdren 20 yedinei siaf rencisi ile galisma yapmasi
planlanmaktadir. Bu calisma, ilgili Ana Bilimdal Baskanhgi min goriisii ve insan
Arastirmalarn Etik Kurulu'ndan alinan 256 ODTU 2020 protokol numarali Etik Kurulu
tarafindan onaylannus ve Enstitimiizee uygun gérilmiustie.

Geregi igin bilgilerinize arz ederim.

Sayzilanimlia.

e-imzaliche

Prof. Dr. Aysegtl ASKAN
GUN SAN

Enstitt MudOr Yarduncis:

EK: Dagitum Listesi (1 Sayfa)

OLUR

Bu belge S070 sayil Elekivo:
Belge Dogrulama Kodu © hitps / ebys met

1tz Ka. sre gavents fmza e
et ir veri v recond g aspR a5 34502 O TF S AAE 1- DO S

7ADSO7SDAF

, ORTA DOGU TEKNIK ONIVERSITESI
BILIMLERI ENES MODORLOGE / MIDDLE EAST TECHMNICAL UNIVERSITY
BRADUATE SCHOOL

F HATURAL AND APPLIED

BUMLUBINAR BULYVARI OBBGG
c A ARA/TURKE

v fba@me tu. s, te
wvrvr.fhe.metu.adu. e

e-imzahichr )
Pr ‘of Dr. Tilin GENGQO.
Rektdr Yardimes:

belge 5070 sayil Elcktrontk bmza Kanununa gére gdvents imza e
Belge Dognilana btodu - Hipe./ ebye mens ctu i erihre o b AP s 34505 et O T 6 AR B S HOTADSS7SDAF
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E. Permission Obtained from Ministry of National Education

T
ISTANBUL VALILIGH
™M Egitim Madarkagi

- GUNLODOIR
: B-59090411-44-2333 1038 30.03.2021
: Anketl ve Arvastirma lz

DAGITIM YERLERINE

D a) Yenilik ve Eg m Teknolojileri Genel MitdGrliginin 21.02.2020 tarihli ve 2020/2 sayilh
genelgesi.
b) Valilik Makaminin 25.03.2021 tarihli ve 23012049 sayih oluru.

k Makaminin Anket ve Arasturma lzinleri konulu ilgi oluru, anket izni uygun gorilenlerin
lambmas: uygun goérilen Sleme araglanmn Mudorldgtimozee mihirlenen drnekleri ckte

ince islem yapilmasi, arasturma sonug raporunun, arastirma bittikten sonra 2 (iki) hafia
-lugimiz Strateji Gelistirme Subesine génderilmesi hususlarinda geregini arz ederim.

Levent YAZICI
1 Mg Egitim Middiiri

Ek
1- Valilik Oluru (1 Sayfa)
2- Liste (1 Sayfa)

3- Olgekler

Dagitim:
Orta Dogu Teknik Universitesi Rektorligiine
istanbul Sabahattin Zaim Universitesi Rekt@ritigiine

o e piventi elekuonik imea i peatunm gt
: Binbirdirck Mah Inicas Okicm Cad. No: 1 Sultanshmet Patih bsanbul Belge Dogroloma : Bips:/www.irkiye govarmebchys
0212 384 30 32 i gin D AyIn BALTA

- rlama ve Kontrol Isteiment
Ioterner Adse hup: istanbulmeb.goy. i
B cvTak guvanti slekTrnni imia e T ErrTTT B17H-9666-3af0-BEFE-68d1 keau i

e gov.ar

PepenTErTIEY

— (RSN
ISTANBUL VALILIC
1M Egitim Moadoritga

2012049 25/03/2021
i Lzind

VALILIK MAKAMINA

1 Tek:

Ngi : Yenilik ve olajileri Genel Madarlaginin 21.01.2020 tarihli ve 2020/2 sayih genelges

wverilen arastirmalann: 6698 sayili Kigisel Verilerin Korunmas: Kanununa aykin olarak
kigisel wveri istenmemesi, ogrenci velilerinden agik niza onayi ahnmas:, yiiz yiize egitime gegmis olan
kurumlannzda, Covid-19 tedbirlerinin arastirmacs ve ilgili kunum idarelerince alinmasi, bilimsel amag disinda
kullanilmamasi, bir omegi Modorlogamizde muhafaza edilen muhorli ve imzah veri toplama araglarmin
kurumlannza aragurmac) tarafindan ulagunlarak uygulanmas:, kauhmeilann géniillilik esasina gdre segilmesi,
aragtirma sonug¢ raporunun kamuoyuyla paylagilmamas) ve arastrma bittikten sonra 2 (iki) hafta igerisind
Muodarligaomoze gonderilmesi, okol idarelerinin denetim, gézetim  ve sorumlulugunda, egitim  ve Ogret
aksatmayacak gekilde, 2020-2021 e m ve Ggretim yihinda ilgi genelge esaslan dahilinde uygulanmas: kaydiyla
Muodurllgimzce uygun girilmekied

Makanmimzea da uygun gérildigo takdirde olurlariniza arz ederi

Asagida bilgile

.

Levent Y AZICI
11 MENT Egitin Midiiri

OLUR
25/03/2021
Dr. Hasan Hiiseyin CAN
WVali a.
Vali Yardumcisa

Ek:
1- Yamlar ve Ekleri (32 Sayfa)
2. Genelge (3 Sayfa)

v ke gov.irimeb-ehys

[
ran Gkiem Cad. Mo
BALTA

Ieletmens

suraseiia. Pme3 g men. govir u rlama ve K.

. SV
et hsO1 kep i 13 Internet Adresi - hupdinanbulmeb.gav. s

T e vk mv T} STeh o e 1T s alan R e ahaor et non o sdrevinden BOF3-GAAZ - 35AD-BA7A-IEZA kowa e 1oy 5 ednaniin
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s o,
e ISTANBUL VAL LG

[IRNT n Modariaga
Say 1 25/03/2021 [
Konu o An |
2020 - 2021 ITIM VE OGRETIM YILINDA GEGCERLIDIR
(Arasiir =y [¥az Tarihi | Savisi|[AragtUrma K rasthinna Yeri rastirma Kigiler
ora ALPAY 11.03.2021 [289 grencilerin Su Tiketimi tagehir ilgesi

Davramslarmn Degerler, Inanglar,
[Normiar ve Doga ile Yakinhk
Kapsaminda Incelenmesi

04.03.302T 282 [STEM Egitimine Hizmet IEden ve  [Sancakicpe ilgesi  [Ortackul

“evresel Sorunlara Deginen Oarencilerine
odelleme Etkinliklerinin Ogrenme

ahntilary J:

" v enh clekironik smza ile imralan:
: Binbirdirek Mah. Fnran Ckiem Cad. ™. Hanahmet Fatih Isanbul  Belge Dogralana @ hiy turkiye. gov.
2212 632 s tg i : -y
Linvan: i ve Kontrl dsleimeni

meb.gov.

gelistinme3dgnmen. oo
o 2/3 Intemner Advosi

I BN Tk ST e o 1 adicanden BOT 3 -GAAZ - 3509 - 847 - 363d Loda e oyl SRl
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F. Parent Consent Form

VELi ONAM FORMU

Sayin veli;

Cocugunuzun katilacagi bu ¢alisma, “STEM Egitimine Hizmet Eden ve Cevresel Sorunlara
Deginen Modelleme Etkinliklerinin Ogrenme Kalintilar1 ” adiyla, 26.04.2021 — 14.05.2021
tarihleri arasinda yapilacak bir arastirma uygulamasidir.

Arastirmanin Hedefi: 7. sinif 6grencilerinin STEM egitimine hizmet eden ve g¢evresel
sorunlara deginen modelleme etkinlikleri ile ugrasirken matematik ve ¢evresel sorunlarla
ilgili neler 6grendiklerini incelemektir.

Arastirma Uygulamasi: Anket (model olusturma etkinlikleri), gdriisme ve gozlem
seklindedir.

Arastirma T.C. Milli Egitim Bakanligi’nin ve okul yonetiminin de izni ile
gerceklesmektedir. Arastirma uygulamasina katilim tamamiyla goniilliiliik esasina dayali
olmaktadir. Cocugunuz g¢alismaya katilip katilmamakta 6zgiirdiir. Arastirma ¢ocugunuz
icin herhangi bir istenmeyen etki ya da risk tagimamaktadir. Cocugunuzun katilimi
tamamen sizin isteginize baghdir, reddedebilir ya da herhangi bir asamasinda
ayrilabilirsiniz. Arastirmaya katilmama veya arastirmadan ayrilma durumunda 6grencilerin
akademik basarilari, okul ve 6gretmenleriyle olan iligkileri etkilenmeyecektir.

Calismada Ogrencilerden kimlik belirleyici higcbir bilgi istenmemektedir. Cevaplar
tamamiyla gizli tutulacak, sadece arastirmacilar tarafindan degerlendirilecek ve bilimsel
amacla kullanilacaktir.

Uygulamalar, genel olarak kisisel rahatsizlik verecek sorular ve durumlar igermemektedir.
Ancak, katilim sirasinda sorulardan ya da herhangi bagka bir nedenden ¢ocugunuz
kendisini rahatsiz hissederse cevaplama isini yarida birakip c¢ikmakta Ozgiirdiir. Bu
durumda rahatsizligin giderilmesi i¢in gereken yardim saglanacaktir. Cocugunuz ¢alismaya
katildiktan sonra istedigi an vazgecebilir. BOyle bir durumda veri toplama aracim
uygulayan kisiye, calismay1r tamamlamayacagini sOylemesi yeterli olacaktir. Anket
calismasina katilmamak ya da katildiktan sonra vazge¢mek ¢ocugunuza higbir sorumluluk
getirmeyecektir.

Onay vermeden once sormak istediginiz herhangi bir konu varsa sormaktan ¢ekinmeyiniz.
Calisma bittikten sonra bizlere telefon veya e-posta ile ulasarak soru sorabilir, sonuglar

hakkinda bilgi isteyebilirsiniz.

Saygilarimizla,
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Arastirmaci: Gamze BAKTEMUR
Tletisim bilgileri: 0530 467 70 22 / gamzebaktemur@gmail.com

Velisi bulundugum ................. 17717/ numaralt
ogrencisi.
.......................................... ’in yukarida aciklanan arastirmaya katilmasina izin
veriyorum. (Liitfen formu imzaladiktan sonra ¢ocugunuzla okula geri gonderiniz*).

Veli Adi-Soyadt:

Telefon Numarast:
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