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ABSTRACT

AN INVESTIGATION OF TEACHING PRISMS IN 5STH GRADES
SUPPORTED BY EDUCATION FOR SUSTAINABLE DEVELOPMENT

Kandilli, Ece
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Didem Akyiiz
Co-Supervisor: Prof. Dr. Gaye Teksoz

February 2019, 191 Pages

The purpose of this study is to investigate teaching prisms in 5th grades
supported by Education for Sustainable Development (ESD) by answering what
5th grade students think about the meaning of ESD in terms of recycling and
packing waste, what the thinking strategies of 5th grade students for classification
and nets of prisms are and what 5th grade students think about learning prisms
using instruction supported with ESD. For this purpose, it was planned to support
the prisms with the concepts of recycling and packaging waste. At the same time,
students were made to use the concepts of prisms with recycling and associate
them with daily life. The study was designed as a case study in qualitative
research with content analysis. The results were compared by using
documentation, observation and interview for content analysis. The study was
conducted during the spring semester of the 2016-2017 academic year in a public
middle school in Haymana district in Ankara, Turkey. For the study, one of the
fifth grade level classes was used. The sample of the study consisted of 18 fifth

grade students (9 female and 9 male), and 7 students who were interviewed at the

v



end of the study were selected through purposeful sampling method. The study
lasted 8 class hours and approximately two weeks. The results of the study reveal
students’ thinking in prisms topic and their awareness of recycling and packaging
wastes.

Keywords: geometric solids (prisms), recycling, packaging wastes, students’

awareness and thinking
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5. SINIFLARDA PRiZMA OGRETIMININ SURDURULEBILIR KALKINMA
EGITIMI ILE DESTEKLENMESI UZERINE BIR ARASTIRMA

Kandilli, Ece
Yiiksek Lisans, ilkdgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Dog. Dr. Didem Akytiz
Ortak Tez Yoneticisi: Prof. Dr. Gaye Teksoz

Subat 2019, 191 sayfa

Bu calismanin amaci, 5. siniflarda prizma 6gretiminin Sirdiiriilebilir Kalkinma
Egitimi (SKE) ile desteklenmesinin etkisini aragtirmak ve Ogrencilerin geri
doniisiim ve ambalaj atiklar1 agisindan SKE’nin anlam1 hakkinda diisiindiiklerini,
siniflandirma ile prizma aginimlar i¢in diisiinme stratejilerini ve 6grencilerin
prizmalart  Ogretiminin SKE ile desteklenmesi hakkinda diistindiiklerini
incelemektir. Bu amagla, prizmalar konusunun geri doniisim ve ambalaj atig1
kavramlar1 ile desteklenmesi planlanmistir. Bu sirada, 6grencilerin prizmalar
konusunu anlamalar1 ile geri donligim kavramlarini  giinlik hayatla
iligkilendirerek kullanmalar1 saglanmaya calisilmistir. Arastirma, nitel arastirma
tekniklerinden bir durum c¢aligmasi olarak tasarlanmis ve ¢alisma sonuglari igerik
analizi ile elde edilmistir. icerik analizi icin belgeleme, gdzlem ve goriismeden
yararlanilarak sonuglarin karsilastirilmast saglanmistir. Calisma, 2016-2017
egitim-6gretim yilinin bahar déoneminde, Ankara'nin Haymana il¢esinde bir devlet
ortaokulunda yiiriitilmiistiir. Arastirmada okuldaki besinci siniflardan biri

kullanilmigtir. Aragtirmada durum c¢alismast kullanildigindan katilimcilar 18
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besinci sinif 6grencisinden (9 kiz, 9 erkek) olusmus ve calisma sonunda goériisme
yapilan 7 6grenci amach ornekleme metoduyla se¢ilmistir. Calisma 8 ders saati
olarak yaklasik iki hafta stirmiistiir. Calismanin sonuglari, 6grencilerin prizmalar
konusundaki diistinme sekilleri ile geri doniisiim ve ambalaj atiklar1 konusundaki
farkindaliklarini ortaya koymaktadir.

Anahtar Sozciikler: geometrik cisimler (prizmalar), geri doniisiim, ambalaj

atiklari, 6grencilerin farkindalik ve fikirleri
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CHAPTER 1

INTRODUCTION

Mathematics contains abstract representations which can be hierarchical
grown up of concept, skills and facts and systematic learning occurs (Sarwadi &
Shahrill, 2014). Mathematical literacy which is related subject matter of
mathematics is defined with knowledge of knowing and applying the basic
mathematics in daily life (Ojose, 2011). In this case, a mathematically literate
individual is defined as someone who has the ability to make estimation and
interpretation of data, the ability to create solutions to problems, the ability to
make numerical, graphical, and geometric inferences and the ability to use
mathematical language. In educational aspects, mathematics curriculum includes
geometry which is one of the important subjects (Marchis, 2012). According to
Usiskin (1987), geometry consists of four dimensions: (a) visualization, drawing,
and construction of figures, (b) study of the physical world, (c) use as a vehicle
for representing non-visual or physical mathematical concepts, and (d)
representation as a formal mathematical system. According to National Council of
Teachers of Mathematics (NCTM, 2000), geometry presents advantages in terms
of understanding real life situations and solving problems in algebra,
measurement and rational numbers. In terms of individuals, the more knowledge
of their environment they have (NCTM, 1989), the more knowledge of geometry
and ability in geometric thinking and geometric problem solving they obtain
(Fidan & Tiirniikli, 2010; Han, 2007). In addition, geometry offers opportunities
to interpret our environment and to connect other disciplines such as mathematics
and science (Clements, 2003; Fidan & Tiirniikli, 2010; NCTM, 2000). Moreover,
geometry makes the world easy to understand, and it helps improving problem-

solving skills (Habibi, 2012; Van de Walle, 2001). Furthermore, it has a language
1



which comes from real-world experiences (Clements, 2003) and contains special
symbols, terminology and meaningful relations (Gokkurt, Sahin, Soylu, & Dogan,
2015). It is suggested that geometry defines the physical world (NCTM, 1989).
According to this, the world refers to the three dimensional solid. Hence, visual
information is necessary for human existence to interpret the world spatially
(Jones, 2002). Also, in education, students have opportunities to improve their
visualization skills by exploring solutions to mathematical and other problems
(Jones, 2002), and they develop their spatial visualization ability during problem-
solving process (Fennema & Tartre, 1985). According to Ministry of National
Education, MoNE, (2013), if this relationship is formed effectively, meaningful
learning is provided and knowledge is turned into permanent state in geometry

among students.

According to Fujita and Jones (2007), memorization in teaching geometry
and lack of examples lead to difficulties which students do not overcome, and
students encounter difficulties in learning geometric skills. This is illustrated in
international studies as a weakness in students’ geometric achievements (Mullis et
al., 1997). For instance, in the Trends in International Mathematics and Science
Study (TIMSS) 1999 report, Turkish students were ranked 34" among 38
countries in terms of geometry achievement (Mullis et al. 2000; as cited in
Clements, 2013). In other words, their scores were very low. In addition to these,
when TIMSS 2007 reports were analyzed, Turkish students were not at the
desired level and did not gain necessary knowledge (Mullis, Martin, & Foy,
2008). Based on the TIMMS national report of 2015, when results between the
years 2007 and 2011 were compared, even though Turkish students increased
their achievements in geometry, they were still placed below the average (MoNE,
2016). According to these, it is seen that if students cannot overcome these

difficulties, this affects their future lives (Tall & Razali, 1993; Wu, 2013).

Geometry is must for students in elementary and middle school level in

order to develop their understanding of shapes and of properties of shapes, to

2



combine geometry and real world situations and to produce solutions to problems
in mathematics and other disciplines (Clements, 2003; Kilpatrick, Swafford, &
Findell, 2001; as cited in Ubuz, Ustun, & Erbas, 2009). As a result of this, the
field of geometry in Turkey needs to be given more importance in terms of both

education and research.

According to NCTM (2000), “geometric ideas are useful representing and
solving problems in other areas of mathematics and real-world situations, so
geometry should be integrated with other areas if possible” (p.41). In this case,
education can be thought as more than teaching or learning knowledge or some
policies. In other words, education helps people improve her/his skills to keep
living by accommodating other people. Since education is one of the basic needs

of human, education also becomes more significant for sustainable development.

In the report ‘Our Common Future’- Education for Sustainable
Development (World Commission on Environment and Development, 1987),
terms such as sustainability and sustainable development appear, and these are
related to satisfaction of human needs. According to Wals (2012), sustainable
development (SD) has variety of topics such as environment, society, economy or
politics, and these topics are defined as protecting the land, the water, the air or
the resources. According to Gough and Scott (2003), sustainable development has
three types of approaches such as type 1 in which learning leads to change, type 2
in which social and political problems lead to environmental symptoms and type 3
in which learning is open-ended (as cited in Vare & Scott, 2007). In this case,
according to Tilbury (1995), environmental education (EE) is significant in terms
of presenting sustainable lifestyles for citizens. During EE, students have learning
environment in which they can internalize sustainable practices by involving them
in world problems (Tilbury, 1995). ESD which stands for Education for
Sustainable Development has become an important element of making
environmental policy and creating sustainable development strategies. According

to UNECE strategy (United Nations, 2009), ESD aims to equip people with



knowledge of and skills in sustainable development, to make them more
competent and confident while, at the same time, increasing their opportunities for
leading healthy and productive lifestyles in harmony with nature and with concern
for social values, gender equity and cultural diversity since education is perceived
as an important tool to obtain achievement in sustainability (Hopkins &

McKeown, 2002).

The seeds of ESD planted in the seventies at many international
conferences on environmental education (EE), including the Man and
Environment conference held in Stockholm in 1972 and the UNESCO-UNEP
conference on Environmental Education held in Tbilisi in 1997, found a fertile
soil of broad-based mutual concern for sustainability which was expressed at the
UNCED Earth Summit in Rio de Janeiro in 1992. Chapter 36 of Agenda 21
(United Nations Conference on Environment and Development, 1992) emphasizes
that education is a vital factor in the promotion of sustainable development and in
the development of people’s skills to deal with environmental and developmental
issues (Gadotti, 2016). Chapter 36 of Agenda 21 (UNCED, 1992), which is called
“Promoting Education, Public Awareness and Training”, defines the four thrusts
of ESD which aim to improve access to quality basic education, to reorient
existing education to address sustainability, to increase public understanding and
awareness of sustainability and to provide training for all sectors of the economy.
Also, 40 issues of ESD which are related to reorienting the existing education in
Agenda 21 were grouped into four sections as social and economic dimension,
conservation and management of resources, strengthening the role of major
groups and means of implementation (UNCED, 1997). In addition to these, ESD
set sight on building more sustainable societies and more sustainable future with
the help of coordination of education and public awareness (Wals, 2012). As a
result, although ESD and EE have a close relationship, they are not the same. It
can be said that EE makes a contribution to ESD in terms of pedagogy and
content. Hence, for the future of ESD, it is suggested to develop a common vision,

to democratically move forward, to give importance to training people, to
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encourage innovations, to develop ESD leadership, to develop strategic plans, to

establish action plans or to train teachers (Hopkins & Mckeown, 2002).

According to Alkis, (2008), Turkey has a large number of students and
young people, so improvements and implementations of the main goals of
environmental for sustainable development for all grade levels is significant. In
Turkey environmental educational courses are elective for middle school students
and content of course was prepared in accordance with the prototype curriculum
of United Nations Education, Scientific and Cultural Organization, UNESCO.
Also, sustainable development was added in science curriculum to enhance
students’ environmental sensitivity and to improve their sustainable life skills

(MoNE, 2015).

Especially, ESD provides human with gaining awareness of education and
environment. When the importance of different disciplines is considered, it is
possible to support disciplines with each other (Blewitt, 2005; Checkland, 1999;
Wals, 2012). In this case, geometry and ESD have a common context as
representing real-world situations. Therefore, the purpose of this study is twofold:
firstly, to design a prisms’ teaching supported by ESD lecture and secondly, to
explore students’ responses to the lecture in terms of the planned objectives. The
real-world situation is defined for this purpose. The start point is that prisms are
all around us and packages (especially boxes) are examples of prisms that are
used frequently for packaging. In this case, packaging wastes is one of the major
patterns of unsustainable consumption since they cannot be used for recycling.
Therefore, prisms topic represents geometry in this definition while packaging
waste and recycling represents ESD. In other words, boxes exemplify both
packaging wastes and prisms. After planned objectives are achieved, teaching
prisms is expected to be supported by ESD in terms of recycling and packaging

wastes. Hence, students both learn prisms and gain awareness about recycling.



1.1.  Theoretical Background

Geometry can be perceived as a bridge between mathematics and other
disciplines (NCTM, 1989; 2000). Thus, geometry is considered a common core of
science and mathematics (Clements & Sarama, 2011). According to Clements and
Battista (1992), geometry offers opportunities for individuals in order to
understand and interpret the physical environment. Moreover, in geometry
education, students understand not only geometric concepts but also mathematics
in these concepts (NCTM, 2000). Hence, the role of geometry is important in
teaching and learning mathematics. Since geometry provides students with
understanding of shape and space (Giiven & Kosa, 2008), it can improve students’
spatial ability and reasoning skills (French, 2004). In other words, the geometry
education supports opportunities to develop these kinds of abilities (Kaufmann,
Schmalstieg, & Wagner, 2000). Spatial ability has important role for many aspects
of individuals’ life (Marchis, 2012), especially human intelligence (Kaufmann et
al., 2000). Spatial ability is considered as fundamental for higher-level thinking,
reasoning and creative processes (Sorby, 2007). Additionally, spatial ability is
important in many fields such as computer graphics, engineering, science,
technology, and mathematics, geosciences or architecture (Titus & Horsman,
2009). Additionally, there is a correlation between learning geometry and spatial
visualization abilities of students, which is a sub-factor for spatial ability
(Karaman & Togrol, 2009) and also Battista (1990) emphasizes the importance of
visualization skills. In this case, spatial ability of students can be improved by
spatial orientation and spatial visualization tasks in order to succeed in geometry,

volume, and measurement (Risma, 2013).

According to McCarty and Shrum (1994), since importance of solutions in
environmental issues increases, recycling gains significance among governments.
In this case, when some programs about recycling are applied by the governments,
participation or engagement of members in society is also supported. For this,

individuals are provided with environmental awareness (Ebreo, Hershey, &



Vining, 1999) by changing their attitudes which can be prerequisite for changing
behavior (McCarty & Shrum, 1994; Arbuthnott, 2009). According to early
researches (Henion, 1976; Balderjahn, 1988; Schwepker & Cornwell, 1991),
environmental behaviors of responsible consumers include positive attitudes
towards environmentally-conscious living. Thus, unsustainable ways should be
replaced with sustainable ones in extracting and consuming resources (Svanstrom,
Lozano-Garcia, & Rowe, 2008) by influencing conscious behaviors such as
recycling (McCarty & Shrum, 1994). In this case, education has a vital role in
order to achieve sustainability (Hopkings & McKeown, 2002). For this, ESD
provides a vision of education by balancing prosperity with traditions, by
respecting natural resources and by increasing communication to find common
solutions (Zenelaj, 2013). Besides, ESD helps to form future societies by
preparing the younger generation who are candidates to be responsible citizens in
the future. In other words, students will have ability to participate in a democratic
society and to help in shaping future society with sustainable concept. Thus, based
on the concept of sustainable development, they have an important role in taking
responsibility for not only themselves but also future generations (de Haan, 2006).
Hence, it is important to link development of generations with sustainable
development in education. In other words, neither education nor sustainable

development can be considered independently (Hagglund, & Samuelsson, 2009).

1.2.  Purpose of the Study

The deeper understanding in systems such as natural systems, design and
management systems and information systems (Checkland, 1999) is significant
for future societies. However, it is new for ESD in terms of connections,
relationships and interdependencies with the whole system (Wals, 2012). As a
result, ESD with other disciplines can be seen a mechanism which enables
rethinking education (Wals, 2012). Hence, the initial aim of the study is to
investigate teaching prisms in fifth grades supported by ESD by designing a



lecture in order to understand both students’ thinking on prisms in terms of

classification and nets and their awareness on recycling and packaging wastes.

Underlining this main idea the purposes of this thesis are; a. To design a
lesson plan for teaching prisms supported by ESD lecture; b. To understand
students’ thinking about geometric shapes and c. To understand students’
awareness of recycling and packaging wastes. Additionally, it is expected that

participants will assess support of different topics each other.

1.3. Research Questions

The purpose of this study is to investigate teaching prisms supported by
ESD in terms of fifth grade students’ understanding. The primary research

questions that this study will aim to answer are as follow:

1) What do 5th grade students think about the meaning of ESD
in terms of recycling and packing waste?

2) What are the thinking strategies of 5th grade students for
classification and nets of prisms?

3) What do 5th grade students think about learning prisms using
instruction supported with ESD?

1.4.  Definition of Important Terms

ESD is the acronym of education for sustainable development. ESD

enables human to qualify for sustainable future (UNESCO, 2014).

Recycling is the process of collecting and processing materials that would
otherwise be thrown away as trash and turning them into new products (EPA,

2017).

Packaging wastes means sales, external and transfer waste including

reusable packaging that has reached the end of its life (CEVKO, 2017). In this
8



study, packaging wastes are exemplified by kinds of prisms, and attention is

drawn to recycling.

Prisms can be explained as a multi-planar object, whose lower and upper
floors are parallel and equal to each other and whose lateral surfaces are equal and
parallel to each other according to Turkish Language Society. In addition, Van de
Walle (2013) defined them as a cylinder with polygons for bases, and they can be

classified as special cases of cylinders.

Rectangular prisms are mentioned as a cylinder with rectangles for bases

(Van de Walle et al., 2013).

Square prisms are defined as a special kind of rectangular prisms with two

square surfaces (Adapted from MoNE, 2018, p.305).

Cube is a square prism with square sides (Van de Walle et al., 2013).

1.5.  Significance of the Study

If a mathematically literate person can use, do and distinguish mathematics
in different conditions, mathematics curricula contain different main topics of
mathematics to gain these abilities to this person (Ojose, 2011). According to
Steen (1990), these main topics are dimensions, quantity, uncertainty, shape, and
change. On the other hand, Program for International Student Assessment, PISA),
(2013) presents these categories which are quantity, space and shape, change and
relationship and uncertainty. According to PISA 2012 whose analyses were
shared in 2013, shape and space include understanding of the relationship between
shapes and images, understanding of the relationship between three-dimensional
objects and two-dimensional ones and understanding of construction and
representation of objects. Hence, individuals improve their understanding to

produce and to interpret solutions for specific situations.



Also, Sandoval and her friends (2016) mention learning spatial geometry
is supported by visual perception since figural properties have importance because
of senses. If enough importance is not given on development of spatial ability and
3D geometry thinking, geometric solids can be the most difficult topic among
geometric topics since some representations cannot be mentally manipulated by
students (Fujita, Kondo, Kumakura, & Kunimune, 2017). In addition, in terms of
theoretical knowledge, the processes of definition and validation have a
significant role in mathematics since it represents the properties of objects. In
defining geometrical concepts, geometry to overcome complexity of this process
is linked to reality and experience (Mariotti, & Fischbein, 1997). In order to make
it real, different toys and blocks with which children play can be used to
exemplify two-dimensional and three-dimensional shapes and to provide in-depth

understanding of geometric concepts (Franzella, 2007).

In Turkish education system, students encounter terms related to geometry
from their early childhood years on, and they take geometry courses related to not
only geometric shapes but also geometric solids, which can be exemplified as
rectangular prisms, cubes, cylinders or pyramids (MoNE, 2015). In the middle
schools, students start identifying rectangular prisms, cubes and their
characteristics, nets and their surface area in fifth grade. Although students take
geometry courses from elementary school years on, they have difficulties learning

geometric topics (Y1lmaz, Kesan, & Nizamoglu, 2000).

If an individual aims to achieve sustainable development literacy, she/he
should have some abilities such as interdisciplinary and trans-disciplinary
research methods, contextual appreciation and analysis, and multiple perspectives
for examination and improvement of knowledge (Dale & Newman, 2005). In this
case, school curricula get important to provide major thrusts of ESD which are
improving basic education, reorienting existing education to address sustainable
development, developing public understanding, awareness, and training (UNCED,

1992).
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There are some different ideas about the relationship between the ESD and
EE. While some state that ESD is different than EE, some claim that ESD is
similar to EE (Kopnina, 2012). Additionally, according to UNESCO (2005):

ESD is based on the principles and values that underlie sustainable
development, includes all three spheres of sustainability —
environment, society, and economy- and no single discipline can
claim ESD for itself alone, but all disciplines can contribute to
ESD.

Hence, a common vision and relevance to the curriculum for ESD aims to
save pupils’ lives, raise economic potential in the curriculum, give concrete
examples of abstract concepts and add purpose to education. Additionally,
educational system has a role in preparing citizens and enhancing global
awareness (Zhang, 2010) by means of ESD (Gadotti, 2016) with sustainable
future. According to McKeown, Hopkins, Rizi, and Chrystalbridge (2002),
education has an impact on sustainability in terms of implementation, decision
making and quality of life. In other words, with the help of educated citizens,
education facilitates implementation of informed and sustainable development,

the number of good community-based decisions, and life conditions and economic

status of society, respectively.

In Turkish education system, environmental education has a specific
curriculum that includes five different units which are balance between living and
lifeless features, interaction between people and environment, effects of this
interaction on this balance, limitations in natural resources, global environment
issues and sustainability in balance and limited sources which make up this
program’s content. Besides, students experience different aspects of ESD in
science education in elementary level. In elementary science education, there is a
topic, Living Features and Life, which includes negative effects of wastes on
environment in the third grade, relationship between human and environment and
environmental pollution in fourth and fifth grade, stems and systems in sixth

grade, domestic wastes and recycling, chemical industry and biodiversity in
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seventh grade and sustainable development, biotechnology and climate in eighth

grade (MoNE, 2015).

All in all, the three dimensional objects are important in individuals’ life
(Baki, 2006). According to Thurstone (1950), spatial relations, visualization and
orientation are the elements of spatial ability. In this case, spatial visualization is
“a kind of ability to perform imagined movements of objects in two-dimensional
and three-dimensional space” (Clements & Battista, 1992). As a result, there is a
relationship between students’ spatial ability and their geometric thinking in three
dimensional objects (Pittalis & Christou, 2010). If students are not supported to
develop spatial ability, they have difficulties in understanding real world and in
solving its problems (Jones & Mooney, 2003, Giiven & Kosa, 2008). While the
world changes, the societies choose unsustainable ways to extract and to consume
their resources. This choice leads to some challenges for individuals (Svanstrom
et al., 2008). The term “sustainability”, as original form “sustainable
development”, is perceived as an economic, social, and ecological concept in
Agenda 21 (UNCED, 1992). According to Emanuel and Adams (2011),
renewable energy sources, conservation, recycling, environmentallyfriendly land
development, water management, and waste disposal are some terms which are
included by sustainability. Since the recycling is one of the terms of sustainability,
it aims to decrease the use of toxic substances and to reduce overconsumption of
resources and energy (Glavic & Lukman, 2007). In addition to them, while
NCTM (2000) recommends that the relationship between geometry and other
disciplines be supported, UNESCO (2005) suggests that ESD be supported by all

disciplines.

When support is mentioned, integration of different disciplines into each
other or integrated-curriculum may arise. In this case, according to Beane (1991),
curriculum in schools prepares students for life with unity and meaning because
when individual confronts a problem, s/he does not think about which part of it is

related to mathematics, science or history. As a result, integration is seen as
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necessary. Besides, Fogarty (1991) mentions ten models for curriculum
integration such as the fragmented, the connected, the nested, the sequenced, the
shared, the webbed, the threaded, the integrated, the immersed and the networked.
In addition to them, Kysilka (1998) states that integrated-curriculum has
importance in connecting different disciplines. Also, Kysilka (1998) advises that
concept of integration be clearly understood and then its curriculum planning be

conducted.

In the light of these, the current study cannot be considered as an
integrated-curriculum. Hence, it aims to provide some contributions to supporting
different disciplines. In other words, in this study, it is expected that teaching
prisms in 5th grades will be supported by ESD in terms of recycling and
packaging wastes by means of boxes. Also, it aims to find answers to the thinking
strategies of 5th grade students about classification and nets of prisms and their
thinking about the meaning of ESD in terms of recycling and packing waste by
providing them with recognizing the prism of rectangles, determining the basic
elements, drawing the nets of the rectangular prism, deciding whether the
different nets were related to the rectangular prism; and explaining the concepts of
recycling and recovery and contributing to the reuse of recyclable materials. In
addition to them, another aim is to find answers to Sth grade students thinking

about learning prisms using instruction supported with ESD.
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CHAPTER 2

LITERATURE REVIEW

The current study aims to investigate teaching prisms supported by
education for sustainable development (ESD) in the 5th grades. Hence, the
literature will start with the studies about prisms in education, and then, it will
continue with studies about ESD. Each part also includes studies conducted in

Turkey.

2.1. Studies about Prisms in Education

Prism is the most common term which individuals encounter in their daily
lives in order to explain their environment (Baki, 2006). However, according to
The Geometry Standards of NCTM’s Principles and Standards for School
Mathematics (2000), in the elementary grades, three dimensional geometry does
not get as much attention as the two dimensional one. In other words, while two
dimensional shapes are studied extensively, this is not the case for three
dimensional shapes. In the study conducted by Roth and Thom (2009), the aim
was to find out how students classify the three dimensional (3D) geometry in
classification tasks. In the study, while students classified them with the same
form of 3D objects without considering their different sizes and colors, this
classification was not what teachers desired. However, as a result of the study,
students’ informal and formal geometry knowledge improved with the help of
concrete materials. In the Koester’s study (2003), students tried to explore three
dimensional shapes with the help of simple materials such as paper and drinking
straws, and they participated in two different studies. In the first model, they
constructed cylinders and prisms by using rectangular papers and by folding

papers, and then, they formed cones and pyramids by cutting circular papers. In
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the second study, they used their knowledge which they obtained from the
previous study to form three dimensional shapes by making use of straws. At the
end, after exploring, students found their definitions by combining geometry and
algebra. Thus, they constructed their definitions by using their words without
memorizing. Moreover, there was a study carried out with students in order to
explore their 3D geometric thinking profiles (Pittalis, Mousoulides, & Christou,
2010). This study was conducted by validating a theoretical model with 3D
geometry abilities and by tracing a developmental trend between categories of
students. At the end, while six different statistically significant factors which had
high correlations among themselves for the former fold were obtained, four
different profiles of students which could display four developmental levels of
thinking in 3D geometry appeared. Hence, importance of spatial ability skills was
emphasized. Besides, according to design research project done by Sack (2013),
children’s conceptual development in 3D cube structures was analyzed by using
concrete models, conventional two dimensional (2D) pictures and abstract top-
view numeric representations. In this study, Geocadabra Construction Box was
used. At the end of the study, both children’s conceptual development was
achieved and interest and motivation of classroom increased. Also, individuality,
independence, interdependence and open-mindedness were raised. In another
study, Pittalis and Christou (2013) conducted the confirmatory factor analysis and
the mixed method analysis to evaluate some abilities of 279 students from the
fifth grade level to ninth grade levels in 3D representations. As a result of the
study, they obtained two different abilities such as decoding which is the ability of
representation, and coding which is the act of representation and four different
types of behavior such as the 2D behavior, the intuitive behavior, the implicit-
conventional behavior and the conventional behavior to display 3D shapes.
Moreover, there was another study which aimed to construct an assessment
framework about students’ 3D geometric thinking of students (Fujita et al., 2017).
In this study, existing research studies and data from students who studied
challenging problems were used. In the study, manipulation of mental

representations gained importance and assessment framework was used by
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teachers for their students’ 3D thinking skills. In addition to these studies,
Hallowell, Okamoto, Romo, and La Joy (2015) explored reasoning skills of first-
grade children in plane and solid shapes. In the study, shape- matching tasks
including five 2D plane-shape items and five 3D solid-shape items were used.
Despite some difficulties, increase in children’s spatial ability and their
visualization abilities were observed. In addition to previous studies, there are
many studies about geometry teaching and learning. In one study conducted by
Chen (2013), it was aimed to enhance the effectiveness of geometry teaching and
learning by means of the problem-based learning model. At the end of the study,
while students’ knowledge of geometry was developed, providing high school

mathematics with the geometry concepts was not achieved.

While there are studies related to students, some studies are about pre-
service teachers and teachers. One of these studies is related to basic geometric
shapes and solids. According to results of Marchis’ study (2012), while some pre-
service teachers could not define shapes, some did not know properties of shapes.
In terms of geometric shapes, some did not draw representation of two-
dimensional condition while some did not have idea about the drawing of their
nets. In addition, in the case study conducted by Moss, Hawes, Naqvi, and
Caswell (2015), it was reported that teachers who had lack of content knowledge
and confidence in teaching geometry and their spatial reasoning improved those
skills. In activities, participants tried to gain first-hand experience by doing
mathematics with tangrams and cubes, and they tried to explore reflection
symmetry by using magnetic pattern blocks and magnetic square units on a
coordinate grid. Hence, authors improved professional development model with
design research and Japanese lesson study in order to provide teachers with deep

content knowledge in geometry and spatial reasoning.

In Turkish education system, Geometry and Measurement is mentioned as
one of the content area in mathematics which means all elementary and secondary

school students take geometry education in Turkey (MoNE, 2013). According to
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Ozcakir (2013), development of relations among geometric figures or shapes or
prisms by considering their basic properties is important in the curriculum. While
students in elementary schools do not recognize prisms in terms of their names
and properties or their differences and similarities, they started doing this in
middle school years (MoNE, 2013; 2015). For instance, at the fifth grade level,
students distinguish rectangular prisms and their key features, draw nets and
calculate the area of these nets. At the sixth grade level, students study the
volume of rectangular prisms. At the seventh grade level, they draw three
dimensional objects from different angles with different aspects. At the eighth
grade, they gain knowledge about right prisms, right cylinder, right pyramid and
cones (MoNE, 2013).

In terms of geometric solids, studies generally include different contents.
Some studies conducted with pre-service teachers, includes the knowledge in
terms of content knowledge, CK, (Altayli, Konyalioglu, Hizarci, & Kaplan, 2014;
Bozkurt & Kog, 2012; Gokbulut & Ubuz, 2013) or pedagogical content
knowledge, PCK, (Cakmak, Konyalioglu, & Isik, 2014; Gokkurt et al. 2015) or
subject matter knowledge, SMK, (Tekin-Sitrava & Isiksal-Bostan, 2016) and
misconceptions (Kiiclikaydin, & Gokbulut, 2013). When these studies were
analyzed, pre-service teachers had limited knowledge in geometric solids in terms

of generating definitions and examples and connecting the subject to daily life.

Besides, some studies in teaching geometry subjects were conducted with
students by applying drama method. In Ozsoy’ s study (2003), this approach had
effectiveness in facilitating the teaching of right prisms at eighth grade level
students and in making the topic of right prisms easy to learn for students. Also,
another study done by Giinhan and Ozen (2010) shows although students
mentioned usefulness of drama-based lessons, these were not effective on the
students’ beliefs of self-efficacy. Another approach in studies can be
exemplified by using dynamic software programs. In these studies, teaching and

understanding of geometric objects were easier and students’ motivation got
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higher (Glirbiiz & Giilburnu, 2013; Simsek, & Yiicekaya, 2014, Ugur, Urhan, &
Kocadere, 2016). On the other hand, although development of sixth grade level
students’ spatial ability was observed in the prism topic by using the three
dimensional dynamic geometry software, its effect was not statistically significant
(Simsek, & Yiicekaya, 2014). In a study in which both concrete materials and
dynamic software programs were used (Yolcu & Kurtulus, 2010), it was observed
that sixth grade level students’ spatial ability level improved in the experimental

design.

In geometry lessons, concrete materials dynamic software programs can be
used. For instance, quantitative part of the study on the effects of origami
activities in teaching geometric objects (Simsek, 2012) indicated that when
content of lessons was enriched in order to be effective and useful, there was a
positive and significant relationship between students’ achievement scores and
their attitudes towards geometry at a high level. Moreover, use of puppets as
material in teaching solids was analyzed in terms of students’ achievement
(Yilmazer & Keklikei, 2014). As a result of this experimental study, eighth grade
level students showed success in learning geometric shapes. To add, another study
was on the effect of use of Orff Approach which is used in music education in
teaching geometrical objects (Aktas & Kaya, 2017). In this study, it was aimed to
gain students with mathematical ability by means of music education. Eighth
grade level students participated in this experimental study, and they learnt
geometrical objects through playing some materials such as musical tools and
singing songs related to geometrical objects. As a result of the application, Orff

Approach was beneficial in improving students’ participation and achievement.

2.2. Studies about Education for Sustainable Development (ESD)

The environment became the key focus of local and global law and
institutions (Kates, Parris, & Leiserowitz, 2005) since the environment is one of
the four key items of people in the world which are peace, freedom, development

and environment (National Research Council, 1999). In time, sustainable
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development gains significance in terms of development and environment (Kates

et al., 2005).

According to Alshuwaikhat and Abubakar (2008), it is important to pay
attention to natural resources and to promote their sustainable use in terms of
providing the survival and well-being of the world community. In this case,
sustainability of environmental resources has an important role in supporting
sustainable development. Moreover, Glavic and Lukman (2007) state that
principles containing environmental and ecological, economic, and societal
dimensions provide a framework to establish a more complex system for
sustainable development. One of these principles is recycling to increase
environmental performance by decreasing dangerous materials, energy and
resource use. Despite some limitations, recycling can be mentioned as a more
behavioral and lower technological solution to solid wastes (Ebreo et al., 1999).
Also, when sustainability is considered as protection of environment, recycling
draws attention with economic and ecological solutions in managing waste

(Omran, Mahmood, Abdul Aziz, & Robinson, 2009).

Moreover, sustainable development aims to support individuals with
environmental awareness (Ebreo et al., 1999). According to Bonnett (1999),
sustainable development is a policy in a frame of mind by including everyday
practices. In other words, it presents a perspective about personal or cultural
development. In order to provide development in sustainability, Arbuthnott
(2009) suggests that individuals are supported by changing their behavior by
means of  changing attitudes. Without considering education, gaining
environmental awareness cannot be possible (UNCED, 1992; Hopkings &
McKeown, 2002; Hagglund, & Samuelsson, 2009). In this case, when it
includes basic characteristics of sustainable development, education for
sustainable development has a significant place with respect to local, regional
and global environments, and social and economic development

(Siraj-Blatchford, 2009). Besides, to promote sustainable development, a vision
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was needed, so ESD was defined by UNESCO (2002) for the 2005 - 2014 The Decade

of Education for Sustainable Development:

Education for sustainable development (ESD) is a vision of

education that seeks to balance human and economic well-being

with cultural traditions and to respect earth’s natural resources.

ESD applies trans-disciplinary educational methods and approaches

to develop an ethic for lifelong learning, fosters respect for human

needs that are compatible with sustainable use of natural resources

and the needs of the planet and nurtures a sense of global solidarity.

Although sustainability as a term had its origins in Middle Ages, it was

first used in 19™ century in agriculture, forest and fishing industry (Tiras, 2012).
Later, education was placed into the social dimension of sustainability (Sarikaya
& Kara, 2007). In addition, ESD aims to achieve social transformation
(www.unesco.org.tr, 2016). To enhance this, it is advised to make changes in
curriculum and design school buildings by considering sustainability (Kocabas &
Bademcioglu, 2015; Tas¢t, 2015). In addition, Since ESD aims more sustainable
futures (Wals 2012) by changing minds fundamentally (de Hann, Bormann, &
Leicht, 2010), all areas of education and education levels such as early childhood
education, primary education, secondary education, higher, adult or vocational
education - and formal, non-formal or informal learning settings contain ESD (de
Hann et al., 2010; Bessant, Robinson, & Ormerod, 2015). Hence, while the
number of these studies in education increases day by day in different countries,
changes in curriculum provide effectiveness with this respect (Agut, Ull, &
Minguet , 2014; Cutter-Mackenzie, & Edwards, 2013; Gresch, & Bogeholz, 2013;
Kitamura, & Hoshii, 2014; Milutinovic, & Nikolic, 2014). Additionally, to
provide changes, it is important to provide answers for how educators support
students in ESD (Sauve, 1996; Sund, 2015). Besides, how reduction of solid
wastes can be done is another significant point (Alshuwaikhat & Abubakar, 2008;
de Vega, Benitez, & Barreto, 2008; Elfithri, Ghee, Basri, & Zain, 2012; Smyth,

2010).
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Especially, the number of studies about ESD or sustainability in early
childhood education is more than the ones in other fields. The reason of this can
be that the mission of preschool stresses to educate and to develop not only the
children’s minds but also as a whole individual (Johansson & Samuelsson, 2003;
as cited in Hagglund, & Samuelsson, 2009). In other words, ESD has an important
role in early childhood education since today's early childhood contexts contain
the most fundamental values of tomorrow’s society in terms of sustainability
(Siraj-Blatchford 2009). Furthermore, according to Davis (2009), environmental
education and early childhood education have common points in terms of
education in the environment, education about the environment and education for
the environment. These phrases referred to relationship of children with nature,
their understanding of environmental topics and adoption of children as a means
of change around sustainability, respectively. Moreover, studies in early
childhood education displayed a good adaptation to core principals of ESD and
interpretation of place and responsibility of global citizens in terms of childhood.
According to Hagglund and Samuelsson (2009), at least three areas which are
preschool as an institution, pedagogy of preschools, and the training of preschool
children for considering the sustainable development and early childhood
education are important. According to Pearson and Degotardi (2009), their
proposal focused on the importance of cultural values in practice of early
childhood education, the globalization of early childhood education and interest in
early childhood education. Education has a role which provides sustainability in
terms of cultural beliefs and practices. Additionally, while globalization in early
childhood education leads to developing future citizens of the world, real life
problems provides children with practical applications of education for

sustainable development.

In the study conducted by McNaughton (2010), educational drama in
primary education was effective in learning and teaching ESD. According to the
results of this study, students were candidates for being global citizens since they

gained perspective by considering real world issues and by using body language
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and nonverbal communication by means of reflection of their learning in ESD or
creating learner-centered teaching (McNaughton, 2010). Besides, ESD can be
perceived as a step in terms of equity and equality in secondary education. As a
result, thanks to it, 31% of countries allowed girls to participate in secondary

school education (Alexander, 2010).

In higher education, ESD forms informal and formal settings and provides
better learning opportunities to develop future-oriented competencies (Barth et al.,
2007). In a study from Japan (Kitamura, & Hoshii, 2014), it was mentioned that
although school education contained environmental education, there were not
effective connections between subjects and their perspectives of ESD. Hence, due
to the change, teacher training is important in terms of giving teaching experience
in practice. As a result, despite difficulties in financial and human resources,
collaboration with local stakeholders and industry-academia-government and
supporting the humanities with science were emphasized (Kitamura, & Hoshii,
2014). In addition to these, ESD gained an importance in decision making process
(Gresch, & Bogeholz, 2013) and taking responsibility (Nikel, 2007). Moreover,
de Haan (2006) developed a program to support the introduction of ESD and
overview of the growing international significance of ESD in Germany by testing
interdisciplinary learning, new forms of participatory learning and innovative
structures. Eight sub-competencies such as foresighted thinking, interdisciplinary
work, cosmopolitan perception, transcultural understanding and cooperation and
planning and implementation skills were placed in the program, and their aims
were to act and to solve problems. This program, at the end, had broad effect, and

it was used in the current structure.

In addition to studies with students, perception of educators or teachers is
important in terms of EE and ESD. In the Sauve’s study (1996), it was mentioned
that different conceptions of EE have effect on approaches and strategies in terms
of defining and practicing EE in education. According to these, environment is

perceived as nature, resource, problem, place to live and biosphere and
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community project. These also affect the educational paradigms such as rational,
humanistic and inventive paradigms. According to Sund (2015), how teachers
provide students to be conscious and autonomous democratic citizens by the help
of ESD was analyzed with interview. The study was conducted in Sweden where
the national curriculum contains SD in many disciplines as being significant part
of curriculum, and schools provide students with ongoing changes in ESD. Hence,
this study is important in terms of teacher practice and teaching practice provided
by ESD. According to the results, teachers can feel support or pressure from their
principals. When they are supported, they work with more interdisciplinary
collaboration, behave in a more democratic way in education and achieve good

education.

In some studies, sustainability is analyzed in terms of reducing, reusing
and recycling. In the paper written by Alshuwaikhat and Abubakar (2008),
universities are compared with some smaller cities, and environmental
management and sustainability at colleges and universities are perceived as
necessary. In addition to them, contribution of universities to developments of
society, use of resources and protection of the environment are mentioned. In
another study related to campus life, it is aimed to construct the foundation for
implementation of a recovery, reduction and recycling waste management
program at the Campus Mexicali I of the Autonomous University of Baja
California (de Vega et al., 2008). In the study, estimation of producing solid
wastes, defining solid waste sampling and characterizing samples and analyzing
the data are the stages of the study. As a result, the amount of solid waste
produced daily on campus is 1 ton. Considering that most of that amount consists
of recyclable material, 55% of this amount comes from buildings while 88%
comes from gardens, and 85% comes from recreational areas. Then, it is advised
that different strategies for reusing waste used paper be implemented. In Elfithri
and his friends’ study (2012), management of solid waste and recycling wastes at
the Universiti Kebangsaan Malaysia is supported by developing the current

system. According to study, because of unawareness individuals, it is aimed to
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provide individuals with gaining awareness and practices of solid waste
management. In order to achieve this, paper recycling boxes are placed in each
office. As a result of the study, it is obtained that coordinators are unaware of
paper recycling system. Also, while effectiveness of this system is agreed,
management system should be improved in the future with the target of zero
waste. According to Smyth (2010), waste minimization is provided in solid waste
management programs in order to achieve campus sustainability at the Prince
George campus of the University of Northern British Columbia. Thus, while
campus produced between 1.2 and 2.2 metric tons of waste in one week, waste
reduction, recycling and composting activities were used for more than 70% of
wastes in the 20072008 academic year. In the waste reduction and recycling, the

significant amount of materials is made of packaging wastes.

In Turkish education system, ESD is learnt in science courses and elective
environmental education courses. As mentioned previously, all aim to enhance
students’ environmental sensitivity and to improve their sustainable life skills
(MoNE, 2013; 2015). Thus, ESD gained importance as being interdisciplinary and
totalitarian (Ozdemir, 2010; Toran, 2016). As mentioned previous, in Turkey,
studies on ESD generally include students in early childhood education. For
instance, Toran (2017) reported that there were 17 studies related to early
childhood education conducted between 2010 and 2016. Moreover, while variety
of studies and teaching methods were provided for the early childhood education
(Giilay, 2011), families had significant role in order to enhance environmental
awareness and the significance of ESD for individuals (Erkal, Safak, & Yertutan,
2011).

In addition, in primary level, it was mentioned that Turkish curriculum
was in effective in terms of ESD and a regulation in formal and informal
education regarding ESD was proposed (Tanriverdi 2010; Unal, 2011). Moreover,
according to the study conducted by Yilmaz, Boone, and Andersen (2004), they

aimed to identify ideas of elementary and middle school Turkish students about
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environmental issues in the national curriculum and to determine what
characteristics such as gender, grade level, previous science achievement, socio-
economic status (SES), and school location affect their views. In order to identify
them, they developed a scale and applied it to 458 students from fourth grade to
eighth grade. Hence, survey items were understood similarly by both female/ male
students and elementary and middle school students. Also, if a student has high
achievement in science courses, this student has more positive attitude toward
environmental problems. Additionally, people with more positive attitudes are
older female students and students with high family income in urban areas. In
addition, in secondary education, students do not have enough knowledge about
international developments about the environmental issues in Turkey, and they
have lack of knowledge about some environmental facts (Incekara & Tuna, 2010).
Furthermore, Teks6z (2014) stated that since the application of the curriculum of
elementary science (3rd, 4th, 5th, 6th, 7th and 8th grade) curriculum which was
prepared in 2013 started last year, no data on the results and applications related

to sustainable development has been obtained.

Also, in studies about ESD, environmental awareness in education draws
attention. For instance, Teksoz, Sahin, and Ertepinar, (2010), analyzed pre-service
teachers’ environment literacy and the study showed that pre-service teachers had
positive attitudes towards environment, use of environment, and they cared for
environmental problems. On the other hand, when Oguz, Cakci, and Kavas
(2011), analyzed students’ environmental awareness in the Department of
Landscape Architecture, Environmental Engineering and Town and Regional
Planning, they encountered that students did not keep abreast of environmental

subjects.

All in all, ESD was placed into different courses such as Turkish, social
sciences, science or life science (MoNE, 2015). For example, social sciences
education program had effects on ESD (Kaya & Tomal, 2011). Moreover,

activities in nature provide contributions in terms of ESD (Koc¢ak & Balci, 2010).
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On the other hand, mathematics and geometry courses cannot support ESD as
expected. In this case, teaching prisms supported by ESD in fifth grades will aim
to investigate students’ thinking strategies of classification and nets of prisms and
their thinking about the meaning of ESD in terms of recycling and packaging
waste. In addition to this, investigating this will help different disciplines support
each other. To sum up, there is a gap in the literature about teaching prisms
supported by ESD. As a result, contributions to literature about teaching prisms
supported by ESD in fifth grades will be provided in order to obtain different

thinking of prisms and to gain awareness of recycling and packaging wastes.
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CHAPTER 3

METHODOLOGY

This chapter represents the research design and procedures of this study
containing eight subtopics which are research design, population and sampling,
data collection procedure, data collection tools, data analysis procedure,
reliability of the study, quality and ethical issues and limitations. Overall, in this
chapter, a general view of the methodology of the study will be given to highlight

the main idea of it.

3.1. Research Design of the Study

According to Creswell (2007; 2013), qualitative research is an approach
which is used explore and to understand the meaning of individuals or groups in
terms of a social or human issue. In addition to Creswell, according to Flick
(2013), qualitative research aims to describe details, to compare some cases and

individuals and to develop a theory for empirical material.

For the research design of the study, case study was chosen to investigate
teaching prisms supported by ESD in terms of fifth grade students’ thinking
strategies classification and nets of prisms and their thinking about the meaning of
ESD in terms of recycling and packing waste. According to Shavelson and Towne
(2002), if the research contains a descriptive question such as what happened or
an explanatory question such as how or why something happened, case study is
convenient to apply. Moreover, type of questions, extent of control over
behavioral events and general conditions of the case to be studied are significant
in deciding the type of research design for case study (Yin, 1994). Additionally,
Creswell (2009) states the importance of case study since it contains up-close, in-

depth and detailed analyses of the natural settings with contextual conditions. For
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the case studies, it is necessary clear and detailed context of the case study
(Denscombe, 2003) in order to get first-hand and in-depth understanding of the
related situation by means of direct observations (Bromley, 1986). As a result,
according to Yin (2004), the case study has strengths because of its ability to

examine a case within its real-life context.
3.2. Population and Sampling

According to Frankel and Wallen (2006), sample is called a group from
which data is obtained, and population is the group on which results are applied.
In this study, the target populations of the study were defined as all 5th grade
students attending public schools in Haymana, Ankara. On the other hand, the
accessible population of the study consisted of 5™ grade level students enrolled in
a public school in Haymana, Ankara because it was not possible to access the

target population.

Because of the case study research design in which results of the study
were not generalized, purposeful sampling was used in order to select the sample
of the study. Also, when the needs of the study and obtaining more information
about questions were taken into consideration; the suitable method was purposeful
sampling (Creswell, 2013; Frankel & Wallen, 2006). In other words, it was a
technique in qualitative researches in order to identify and to select the
information-rich conditions (Patton, 2002). In this sampling method, participants
were volunteers to participate in the study, to share their experiences, to reflect
their opinions and to have knowledge about the topic (Bernard, 2002; Creswell &
Plano Clark, 2011; Spradley, 1979).

According to Merriam (1998), some criteria were defined for sample
selection. In the current study, participants were 18 students, 9 male and 9 female
students, from one 5th grade class since members of this classroom made effort to
collect batteries in order to provide their recycling. Also, the researcher was the

mathematics teacher of this classroom. Hence, those students were selected
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because of the application of the case study. Furthermore, based on different
answers of students in the activities, 7 students were selected for the interview
through purposeful sampling method which was useful in selecting participants
who would be interviewed in the current study. These participants had different
aspects or specific approaches in classroom discussions by giving different
answers and examples, and they used specific terms about prisms or ESD in
activity sheets. For instance, one participant was more interested in recycling.
Two of seven interviewers had different ideas about the prisms (P7 tried to fold
nets of prism to check whether it was folded or not or P12 who was the first one
used the term prism before prisms were called with formal names). On the other
hand, other two interviewers had difficulty in defining the nets of prism, but they
had interest in sustainability and recycling. However, the last two participants did

not have any different ideas about either prisms topic or recycling.

3.2.1. Context of the Study

In this part, the classroom where the study was carried out is introduced.
This classroom where 25 students can easily sit had 18 students. Besides, it had
enough space to walk among students when different seating arrangements of
students were applied. There were 9 female students and 9 male students in the
classroom. Additionally, there were 2 Syrian students, 1 female student and 1
male student in the classroom. Socioeconomic status (SES) of students was
evaluated as middle and low. Also, students had been collecting batteries in order
to recycle since the beginning of this semi-semester. However, since the number
of paper recycling boxes was limited, students were unable to recycle paper

showing sensitivity to battery recycling.

During the study, participants were divided into groups of four or five. In
this formation, equality in the number of female and male participants and their
achievement levels were considered. Also, all participants were able to see each

other easily.
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Figure 1. Context of the study.

Before the application, students were informed about the study. Also, they
were informed when and what type of boxes they would bring in one month
before implementation, and during this one month, students were regularly
reminded to bring their boxes. Participants found boxes from the supermarkets
which exemplified both kinds of prisms and packaging wastes. Then, these boxes
which were used in the application were placed in one of the corners in classroom.
During the application, they picked their boxes from the corner, and they worked
with them in their groups. Then, they moved around the classroom in order to
classify boxes or observe each other closely. Also, activity sheets were distributed
by the teacher and participants completed them during the given time in the class

hour.

3.3. Data Collection Procedure

The data collection procedure is introduced in two parts. In the first one,
planning process and in the second one implementation process are explained in
detail. Before collecting data to answer research questions of what 5th grade
students think about the meaning of ESD in terms of recycling and packing waste,
what the thinking strategies of 5th grade students for classification and nets of
prisms are and what 5th grade students think about learning prisms using

instruction supported by ESD, the process was planned, and then it was applied.

3.3.1. Planning Process

The data was collected in the spring semester of 2016-2017 academic year,

and it was expected to last 5 class hours in one week. At the school, each lesson
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hour lasted 40 minutes. In the study, environmental education curriculum,
sustainable education curriculum, elementary science education curriculum,
elementary mathematics curriculum and mathematics textbooks published by the
Turkish Ministry of National Education were used. According to these, two
objectives of the geometry topic in the curriculum and recycling were studied

together.

According to mathematics curriculum, the studied objectives were that
students were able to recognize the prism of rectangles and to determine the basic
elements, and they were able to draw the nets of the rectangular prism and to
decide whether the different nets were related to the rectangular prism. In the
environmental education curriculum, the objective was that students were able to
explain the concepts of recycling and recovery and to contribute to the reuse of

recyclable materials.

Based on the objectives in curriculums, activity sheets (see Appendix B)
were prepared and the implementation process was planned. Since the seating
arrangement in the classroom was U-shaped, the remaining parts were used easily
in the first two lesson hours. The boxes were collected in the middle of the class
in order to send them for recycling after their classification. In the first hour,
students explained the concepts of recycling and recovery in order to provide
answer for what 5th grade students think about the meaning of ESD in terms of
recycling and packing waste. Based on the objective, they were asked what
recycling is, why recycling is needed, what packaging wastes means and which
products can be recycled. According to the objective, students also discussed
contributions to the reuse of recyclable materials. The meaning of reuse of
recyclable materials could be matched with transformation of materials.
Additionally, participants gave examples of recycling paper, packaging wastes,
plastic and battery. Also, different examples were mentioned. After discussing
questions, participants watched a video (http://www.cevkococuk.org, 2016). In

this case, students were expected to compare their thoughts about related
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questions before and after the video. In order to make comparison, the discussion
environment would construct in the classroom. At the end of first hour, students
would be divided into four groups, two groups with five students and two groups
with four students in order to study with their group members in teaching prisms.
The number of girls and boys in the groups and the success of them were close to
each other. The students were going to classify the boxes for recycle. Hence,
students made use of the boxes for the classification and the boxes were classified
as kind of prisms such as rectangular prism, square prism and cube. However,
students first made this classification according to their shape of surfaces, not
their formal names. Students grouped prisms by measuring them with the help of
informal ways or a ruler. Thus, students were also asked to bring a ruler with

them.

In the second hour of the day, the aim was answering what the thinking
strategies of 5th grade students for classification and nets of prisms are. Hence,
the objective focused on the fact that students were able to recognize the prism of
rectangles and to determine the basic elements. In order to achieve this, students
would classify boxes. Different corners of the class were used for this. Firstly,
participants decided the shape of surfaces by measuring the length of edges with
informal or formal methods. To illustrate, they measured it with their pencils or
with their rulers. As a result, it was expected there were rectangular or square
shapes. If all shapes of surfaces were rectangle, this would be the first group. If all
shapes were square, this would be second group, and if there were both
rectangular and square shapes, this would be the third group. Then, second
classification was done with respect to the number of corners, edges and surface
of these boxes. For this, participants counted numbers, and they achieved the idea
that boxes were in the same group. For the last classification, participants would
decide the shape of bases of boxes by measuring the length of edges. After they
decided kind of bases, formal definitions of prisms were given. In this case, it was
expected that participants would use the formal names of prisms while classifying.

After measuring, they again placed boxes in groups. In this case, the first group
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contained rectangular prisms. The second one included square prism, and the last
one involved cubes. For each classification, it was questioned whether boxes were
in the right group, and if the boxes were in the wrong group, they were sent to the
correct groups. After all the boxes were collected in their groups, students
explained how they made this classification. Students were expected to show their
work on the activity sheets which would be given two different papers (Activity
Sheet 1, see Appendix B). In the first one, students solved the problem which
included the relationship between paper and tree. Then, they defined recycling,
packaging waste. Then, they answered why we needed recycling and which
materials could be recyclable. In the second paper which was given before the last
classification, students answered questions about classification of prisms, their

names and the number of corners, edges and surface of prisms.

The aim of the second day was to prepare students to draw the nets of the
rectangular prism. For this, students firstly unfolded some boxes by dividing them
into pieces since they would construct nets of prisms. As mentioned previously, in
order to send the boxes for recycling, participants mentioned that space saving
was necessary, and they discussed how to save space and what benefits there
might be. Also, this was matched with the importance of less consumption,
continuation of life or protection of environment. At the end of the discussion, it
was expected that participants would go for the open status of the box. This could
be matched with the nets of prisms. Later, how to construct the nets of prisms
would be discussed. In order to construct these, each group of students chose a
box and constructed the nets of prisms by using its pieces with respect to
examples related to the nets of prisms (activity sheet 2.1, see Appendix B). Thus,
participants constructed five different nets in one kind of prism such as a cube, a
rectangular prism or a square prism. After completing the construction of nets,
each group presented their own kind of nets, and they tried to decide what kind of
prism it could be. Then, the similarities and differences in the nets were discussed.
Also, participants shared what difficulties they experienced in constructing nets or

how they dealt with these. Then, all participants chose a box that could be used
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without unfolding in order to draw the nets of prism individually. If they wanted,
they could fold boxes. After drawing on activity sheet 2.2 (see Appendix B),
participants were expected that they would match folding situation and unfolding
situation of boxes. In this case, participants were expected to find no difference
between folding situation and unfolding situation of prisms. As a result,
participants discussed which situations could and could not construct a prism.
According to this, if the shape formed a prism, participants could name them, and

also they would explain how they matched name of prisms with kind of prisms.

In the last hours, participants decided whether given shapes construct a
prism or not in activity sheet 3 (see Appendix B). For this, there were five
different shapes in the paper. While some shapes were nets of prisms, some were
not because of different reasons such as inequality in length of edges or
overlapped surfaces or non-overlapped edges. As a result, it was expected
participants would explain their decisions with their reason on the paper. Also,
they were asked to name the kind of prisms. At the end of first hour, participants
shared their decisions and explained the reasons of this decision in the classroom
environment. In the second hour of the day, participants would complete an
activity sheet 4 (see Appendix B) in order to summarize what they experience and
whether there was a relationship between classroom application and daily life.
Hence, participants would answer questions such as how they started the lesson
and what attracted their attention the most in the lecture, what kind of connection
they had with their daily life, how they classified the boxes and what kind of
boxes they used in our daily life. In addition to these, participants answered the
questions what they paid attention to when classifying these boxes, why it was
important and what benefits individuals were provided by using what we do in
this lesson in our daily life. Also, participants were expected to write if they had

other suggestions with their explanations.

All in all, participants were selected for the interview according to their

answers, explanations and discussions in classroom. During the interview,
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participants were expected to define prisms, to classify them and to define
recycling and packaging wastes. Moreover, they exemplified packaging wastes,
connected relation between nets of prism and kind of prism and explained needs
for surface saving and recycling. Also, participants had special questions related

to their answers, explanations and discussions in classroom.

3.3.2. Implementation Process

The implementation hours of the current study lasted more than 5 class
hours because of some reasons. All teaching and learning activities were applied

during the lessons. Interview was conducted after activities were completed.

During the implementation of the first two hours, the application steps
changed since participants could not bring their boxes into the classroom on time.
Thus, the application started with a focus on recycling. Hence, the objective that
students were able to explain the concepts of recycling and recovery and to
contribute to the reuse of recyclable materials was the focus. In the first class
hour, participants were questioned about why they brought boxes into the
classroom and what could be associated with these boxes. According to these,
participants associated them with teaching geometry topics such as 2D shapes, 3D
objects or measurement. Since they could not connect them with recycling, why
they collected batteries in class was asked. In this case, some participants related
boxes with recycling. After questioning about recycling and packaging wastes,
they shared their knowledge about recycling, recovery and reuse of recyclable
materials. Then, they watched a video about packaging of wastes and the process
of paper recycling. With the help of this video in CEVKO’s web page
(http://www.cevkococuk.org, 2016), it was aimed that participants would have an
idea about what objects are packaging wastes and how recycling of packaging
wastes is done. After watching the video, participants discussed the terms and
process of recycling again. Also, they continued their discussion about why we
need recycling. Moreover, they shared examples of wastes which are recycled.

During this activity, they shared their own experiences about recycling of papers
35



and batteries. In the second hour, they completed the activity sheet 1.1 (see
Appendix B). This sheet contained questions about the definition of recycling,
necessity of recycling, examples of wastes and definition of packaging wastes.
Then, they discussed their definitions of recycling, packaging wastes, importance
of recycling and examples of recyclable wastes, again. As a result, the aim of the
activities on the first day was that participants would have an idea about recycling
and packaging wastes and reusing them. In this course, it was expected to provide
answers for the question what 5th grade students think about the meaning of ESD

in terms of recycling and packing waste.

In the following two-hour class, the aim was to achieve the objective that
students were able to recognize the prism of rectangles and to determine the basic
elements. Thus, participants were firstly guided to distinguish and classify boxes
in terms of their shapes of surfaces. In order to achieve this, participants decided
the kind of shapes of surfaces on boxes by measuring. Instead of using a ruler,
they measured the length of edges by using a pencil, pencil box or spanning.
Then, they found shapes as rectangle and square, and they classified according to
shape of surfaces firstly. There were three groups in the first classification.
According to this, one group contained only square shapes on surfaces and
another one contained only rectangle shapes on surfaces. There were both
rectangle and square shapes on surfaces in another group. Then, these group
names were formed with respect to the number of rectangles and squares on the
surfaces. For example, the first classification group had both rectangular and
square surfaces. The second group had only rectangular surfaces, and the third one
had only square surfaces. In this activity, participants also gained idea about the
surface, corner and edges by counting them. In this case, they constructed second
classification groups. As a result, they recognized that these boxes were not
different from each other in terms of the number of edges, corners and surfaces.
Then, last classification was formed according to the base of prisms by
participants. Before classifying, participants decided bases of boxes and shape of

bases of boxes. They again benefitted from measuring with informal ways. After
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boxes were classified according to their shape of bases, participants completed the
activity sheet 1.2. This sheet contained questions about classifying prisms,
matching examples of prisms on worksheets with the types of prisms and showing
edges, corners and surfaces of prisms. Then, answers were discussed by
participants and formal definitions of prisms were given. Hence, participants
classified prisms in terms of rectangular prisms, cube and square prisms. Then,
they distinguished differences between rectangular prisms, cube and square
prisms. During these, participants defined basic properties of prisms. All in all, the
aim of the activities of first two days was that participants would gain knowledge

about classification of prisms, properties of prisms.

In the next class, students tried to draw the nets of the rectangular prism
and to decide whether the different nets were related to the rectangular prism.
Hence, in these hours, participants also tried to support teaching prisms with ESD
through recycling and surface covering. Moreover, they tried to form different
nets of boxes or prisms, and to match different nets with prisms. During this
process, the importance and the need of surface covering of boxes were
participants’ focuses. In the first hour, participants were asked to compare the
folding and unfolding status of the box in terms of its surface covering. For this,
this example was given “You tried to carry these boxes on a truck. Which is more
advantageous for environment while carrying them- open or closed? What can
these advantages be?” After discussing results and dividing boxes into their
pieces, participants completed activity sheet 2.1 (see Appendix B) which was
about constructing nets of prisms. Also, they tried to call them with their formal
names. They explained their experiences after constructing all nets of prisms.
During this, they mentioned how to construct, what difficulty they had, why they

had this difficulty and how to overcome.

Then, they started doing activity sheet 2.2 (see Appendix B) which was
about drawing nets and matching it with suitable classification group. In this

paper, participants tried to draw nets of their boxes by considering quality in
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length of edges, overlapped edges and non-overlapped surfaces. Then, they tried
to call them correctly and they tried to explain why they chose this name. In the
activity sheet 3 (see Appendix B) which had questions about whether nets defined
a prism or not, participants tried to associate nets with the right kind of prisms.
Also, if the shape did not mention a kind of prism, participants explained its
reason. Otherwise, if the shape did not form a prism, participants could name
them. After doing the activity sheet, they shared their answer with other
participants. As a result of two hour-class, the aim of these activities was that
participants would gain knowledge about nets of prisms, differentiation of nets
and the importance of less surface covering which provided space saving in order

to save nature.

In the last hour, participants explained what they learnt during this
application, and they defined some terms such as prisms, kinds of prisms,
recycling and packaging wastes by writing it on an activity sheet 4. Hence,
activity sheet 4 (see Appendix B) was also applied in order to provide the
relationship between courses and daily life and assessment of participants in terms

of their understanding. At the end, they discussed their answers.

In the interview, after the application of the activity, seven participants
answered questions about prisms and recycling. Also, they answered questions
that include the teaching prisms supported by ESD and what they changed in their
environment in terms of recycling. Participants who were interviewed answered
the questions about their expressions about what they did differently or defined

differently in the application.

3.4. Data Collection Tools

During the lessons, teaching and learning activities were recorded with a
camera. Participants were observed by the researcher, and activity sheets were
completed by the participants. In the end, selected participants with respect to

their different answers and approaches in implementing process, 5 female and 2
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male, were interviewed. Data collection was done through documentation,

observations and interview that are explained below.

3.4.1. Documentation

According to Yin (1994), there are six sources of evidence such as
documents, archival records, interviews, direct observation, participant
observation and physical artefacts. In this case, documentation was one of the data
collection tools in this study. According to Bowen (2009) documentation is used
to provide data about the context, to obtain information about questions, to
provide supplementary research data, to provide change and development, and to
verify findings or corroborate evidence from other sources. In this study, activity
sheets which contained subtopics of prisms and recycling were used to collect

data.

Before the study, participants were informed about the content of the
courses. In addition to this, course content and activity sheets were prepared
according to the curriculum and textbook, and they were controlled and organized

by the researcher/ mathematics teacher and advisors.

All activity sheets were collected from participants after they completed
them. All the questions apart from activity sheet 4 were discussed in the
classroom after all participants completed the answers. In this case, while some
questions were discussed at the end of the lesson, some were discussed at the
beginning of the lesson as a continuation of the previous lesson. Hence,
participants who voluntarily shared their answers obtained feedback about their
answers. Data about the answers of these participants was obtained from both the
activity sheets and observation notes. Answers of the other participants were

obtained after analyzing their activity sheets.
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3.4.2. Observation

One of the data collection tools was observation in which the researcher
directly observed and interpreted participants’ behaviors and discourses
simultaneously. In the content analysis, observation was used (Hsieh & Shannon,
2005) since its purpose in this study was to show connection between the results

of documentation and interview during the teaching prisms supported by ESD.

Creswell (2013) mentioned the importance of observation protocol with
two parts such as descriptive and reflective. However, teacher was the researcher
of the study. Hence, lessons were recorded with a camera in order to see details in

observation notes. Data from those records was transcribed.

In observations, it was expected to determine whether there was
somebody who gave different examples about recycling, who had different
aspect about packaging wastes, who behaved differently in classifying prisms,
who used terms about prisms or recycling first or who had different ideas about

constructing or drawing prisms.

3.4.3. Interview

According to Frankel and Wallen (2006), interviewing has an importance
for a researcher in order to control accuracy of impressions sourced from his/her
observations, and its purpose can be defined as finding out what is in people’s
mind. In the current study, seven students were selected to be interviewed about
their answers in the activity sheets, their different ideas and examples in the
classroom and their approaches to sustainability and geometry teaching within the
context of prisms topic. During the application, these seven students gave specific
examples which were not used by other participants and they used different terms
and approaches in the class. Additionally, although some had misunderstandings
about especially prism, they tried to overcome them by themselves. Hence,

interviews were used to identify and clarify participants’ answers and approaches.
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All interviews were face-to-face, and they were conducted in accordance
with the participants’ lesson program. Interviews were conducted individually
during the school hours. Sufficient time, approximately 1- 1.5 minutes, was given
to students and if they had difficulties, guiding questions were asked by the
researcher. Besides, direct tips about the topics were not given during the
interviews, but they were reminded of their answers that they gave in the activity
sheets. Questions were repeated and explained when necessary. These seven
participants’ interviews were recorded, and then they were transcribed for
analysis. The total duration of interviews was approximately 75 minutes (see

Appendix C for the transcription of the interview).
3.5. Data Analysis

In this section, data analysis of the current study was explained. Data was
analyzed using qualitative research methods. Data sources included students’
documents, recordings, observation and transcriptions of interviews. Moreover,
participants were expected to reflect on their thinking and explain the strategies

that they used rather than giving the correct answers.

In order to interpret data in case studies, there are two analyses which are
descriptive analysis and content analysis (Strauss & Corbin, 1990; Ozdemir, 2010;
Wolcott 1994). Since descriptive analysis was more superficial than content
analysis, in the current study, content analysis, which is the most used analysis
type in qualitative methods, was used (Ozdemir, 2010) and the current study was
supported by visual representations, written documents and verbal discourse
(Krippendorft, 1989). Hence, in order to examine the related research questions,
content analysis method in qualitative research method was used. Also, Stemler
(2001) mentioned that content analysis is a strong way for data reduction or data
categorization in the qualitative research since it contains systematic and
replicable techniques for grouping words in categories. Moreover, Weber (1990)
mentioned that content analysis enables researchers to characterize the focus of

individuals, groups or social consideration. Furthermore, Mayring (2014)
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highlighted that content analysis is a systematic way in order to analyze texts by
categorizing data. Besides, Holsti (1969; as cited in Stemler, 2001) defined
content analysis as a basic research tool due to some of its characteristics. In
addition to them, Hsieh and Shannon (2005) displayed three distinct applications
of content analysis in practice. While coding categories are sourced directly from
the text data in the conventional content analysis, they are done from a theory or
relevant research findings in directed content analysis. In the third one, summative
content analysis is conducted by counting the keywords and comparing them with

the interpretation of the basic context.

Also, Krippendorf (1989; 2004) stated that the roots of content analysis in
qualitative approaches consisted of literary theory, the social sciences and critical
scholarship, and he believed content analysis contained verbal, pictorial,
symbolic, and communication data in order to make inferences. As this study
contains observation, documentation and interview during teaching prisms
supported by ESD, by using content analysis methods, the researcher had the
opportunity to compare these three data sources and to improve deep change of
understanding in students’ sustainability attitude. In addition, the researcher has
an advantage to develop another deep understanding about interdisciplinary
approach in education because this design can help participants reflect on their

own experience.

For the content analysis, open coding was used. A code refers to a word, a
short phrase or a sentence to display the data (Saldana, 2015). In the open coding,
large amount of data was converted to fewer content categories (Weber, 1990),
and notes and headings were formed in reading the materials (Hsieh & Shannon,
2005; Elo, & Kyngas, 2008). In this case, coding was perceived as a method
enabling researchers to construct families which had similar characteristics (as

cited in Saldana, 2015). The Figure 2 below shows the basic process.
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Figure 2. How to organize concept in coding (Adapted from Saldana, 2015, p.
13).

The first data source of this study was documentation which included
activity sheets which were gathered from participants. These documents were also
used to determine whether additional questions are needed during the interview.
In order to analyze them, these documents were checked several times and open
coding was used. Hence, important words or word groups or numbers were used

to obtain necessary items. The activity sheets were sorted according to topics.

Observation notes and videotape recordings were the second data source.
They were used together since the researcher was alone in the classroom, and
during these times, the researcher could not observe all participants at the same
time. Hence, videotape recordings were watched several times, and these
recordings were matched with observation notes. Also, deficiencies in observation
notes were completed by the help of these recordings. The third data source for
the study was interview. As in analysis of the document, the same procedure was
applied again in order to analyze the data from the interview. After the
transcription of the interviews, open coding which was one of the techniques of
analyzing textual content was done. It contained labeling concepts, defining and

developing categories based on their properties and dimensions (Khandkar, 2009).
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3.6. Reliability of the Study

According to Lincoln and Guba (1985), external validity, internal validity,
reliability and objectivity are mentioned as the classic criteria for reliability in
studies. However, qualitative research differs from quantitative one in terms of
validity and reliability (Agar, 1986; as cited in Krefting, 1991). Hence, qualitative
researches have indicators. These indicators are provided as reliability,
transferability, dependability and confirmability which refer to internal validity,
external validity, reliability and objectivity, respectively (Lincoln & Guba, 1985).

Those items are explained in detail below.

Credibility as mentioned previously corresponds to internal validity, and
there are some ways to construct credibility (Lincoln & Guba, 1985), which can
be exemplified in the current study. Firstly, prolonged engagement was the one of
them. It refers to spending time to get to know about the culture or social
environment of the study environment. Since the participants were students and
the researcher was their mathematics teacher, they were familiar with each other
as the teaching environment that the study was conducted had been same for
approximately one year. The second one is persistent observation whose purpose
is to provide depth understanding and identification of characteristics and
elements of problem or issue in details. During the study, participants answered
the same questions and explained the same situations several times with different
perspectives. Additionally, member checking was performed in order to ensure
the accuracy of obtained data (Creswell, 2013). Triangulation was also used
during the analysis. According to Denzin (1978), there were four types of
triangulation which are use of multiple sources, methods, investigators and
theories. In the study, multiple sources were beneficial for providing triangulation.
For instance, documentations, video recordings and observations were used to
reach the expected results of the research. Lastly, peer debriefing was used in

order to enhance credibility.
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Transferability indicates external validity in qualitative studies (Lincoln &
Guba, 1985). In other words, it shows whether the results of the study can apply to
different and new situations. However, according to Krefting (1991), because of
situational uniqueness of qualitative researches, this is difficult. Another difficulty
that is mentioned is that these studies are applied in limited number of
environments and individuals (Shenton, 2004). In order to enhance transferability,
there are some strategies (Krefting, 1991). One of these is sampling method. In
this case, purposeful sampling was suitable for this study because participants
served to the purpose of the study in interviewing. Another strategy is defined as
giving detailed background information about the aims and context of the study.
The aim of this strategy is to provide connections between participants’
background and their learning outcomes. In addition, this strategy might help
other researchers to develop new assumptions with respect to findings of the
study. The last one is considering data rather than subjects. In other words, it is
decided whether the content of study which can be classified as typical or atypical
is suitable for participants’ lives. In order to identify typical data, time sampling
and member checking can be used. In the current study, time sampling was used
during application since participants were repeated what they did or said previous
papers and classroom discussions. Also, member checking was supported with
interview. In this time, participants were asked about what they did and said and
why they did. As a result of these, it was expected that there was a consistency

between their doing and saying at different times.

Dependability addresses to reliability (Shenton, 2004) and relates to the
consistency findings (Guba, 1981; as cited in Krefting, 1991; Lincoln & Guba,
1985). In order to enhance dependability, same strategies as in credibility can be
used (Lincoln & Guba, 1985). Since this study could not be repeated in this class,
all actions were recorded and transcribed. Then, these were watched, listened and

reviewed several times.
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Confirmability refers to objectivity (Lincoln & Guba, 1985). However,
because of inevitable researcher bias, real objectivity is not supplied (Patton,
1990). Hence, triangulation is helpful to enhance confirmability. Besides, the aim

and role of researcher was explained in detail to remove researcher bias.

3.7. Quality and Ethical Issues

In order to collect data, the researcher took all the necessary permissions.
First of all, the researcher firstly applied to the Research Center for Applied Ethics
at the Middle East Technical University. After obtaining permission from the
university, she applied to Turkish Ministry of National Education ethical
committee to get permission for the research in one of the public schools in
Ankara. Both committees decided that participants of this study were not damaged
mentally or physically.

In addition to these permissions, there were some procedures to conduct
the study in terms of protecting the rights of the participants. In order to fulfill
these procedures, forms such as parents’ consent forms and informative forms
about the results of study were prepared (see Appendix D). The aim of these
forms was to inform participants who are younger than 18 old and their parents
about the study and its effects. If necessary, the pseudonym names (P1, P2, etc.)
were used for participants instead of using their real names. Hence, identities of
participants and their privacy were protected (Creswell, 2013). Moreover,
observation notes along with videotape recordings and interview were only used

for the study, and they were kept confidential.

3.7.1. Researcher’s Role

Since qualitative researches are interpretative ones (Creswell, 2013),
researcher’s concerns such as biases, values, and personal background have an
effect on the interpretations of the researcher (Locke et al., 2014). As the

researcher was the mathematics teacher of the participants, they were not affected
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by the researcher negatively during the observation and filling documents. This
situation also resulted in the fact that students behaved as usual in the classroom.
At the beginning of the study, participants thought that video recordings were
strange since the camera was placed on the teacher desk. However, after the study

was explained, they easily got used to them.

Moreover, since the researcher who was the mathematics teacher of this
classroom had an active role in the study. Thus, all of the lesson implementations
and all the interviews were recorded in order to minimize her biases during data
collection and their analysis. Additionally, during the study, the researcher had
interaction with the participants. Hence, in addition to observation and interview,

this interaction helped the teacher during the study.
3.8. Limitations of the Study

Firstly, this study was limited in terms of the sampling method since using
non-random sampling method affected the generalizability of the study (Frankel
& Wallen, 2006). In this case, purposeful sampling methods were used to
select the sample according to the needs of study in interviews. Another limitation
of the study is sourced from the type of study. Because of being a case study,
there were 18 participants in one of the fifth grade level classrooms. Hence, data
was obtained only from one 5t grade level classroom at a public school. On the
other hand, the aim of the content analysis was to examine a situation in depth
(Yin, 2013) instead of generalizing. Also, during this process, although the
researcher tried to be objective, she might have behaved in a biased way since she

is the mathematics teacher in this public school.

Furthermore, content of the study was limited. For instance, the current
study included topics such as prisms in 5™ grade level geometry and recycling in
ESD. In other words, while prisms were only considered for classification and
nets of prisms, ESD was only considered for recycling and packaging wastes.

Therefore, it was suggested to carry out the study on different topics with more
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participants. Also, the content was restricted in terms of manipulative use which
included boxes or packing wastes. In this case, this content could be supported
with dynamic geometry software systems or other virtual manipulative. Moreover,
the amount of time, which was only one week according to the yearly lesson plans
during 2016/2017 second semester, was limited. As a result, the researcher did not

have enough time for extra practices.
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CHAPTER 4

FINDINGS

The purpose of this study is to investigate teaching prisms supported by
ESD in terms of fifth grade students’ understanding. Hence, the questions what
5th grade students think about the meaning of ESD in terms of recycling and
packing waste, what the thinking strategies of 5th grade students for classification
and nets of prisms are and what 5th grade students think about learning prisms

using instruction supported with ESD were answered.

In this chapter, findings of the study and participants’ views were
summarized under three headings by considering the order of implementation.
The first topic is related to ESD and included questions such as what recycling
means for students and whether they have gained awareness of the importance of
recycling after implementation courses. The second topic included how they
classify prisms, what affects this classification and how participants define prisms.
This part also consisted questions such as how to construct nets of prisms, how to
draw them, how to fold them and the relationship between the nets and their
surface coverage with surface saving. After studying with closed boxes at the
beginning of the study, participants worked with the nets in the end. The last topic
included teaching geometry supported by ESD focusing on participants of
awareness of recycling and packaging wastes during the study. Also, these

included students’ understanding and their difficulties in current topics.

Detailed analysis of participants’ performance in the tasks was presented
on the basis of correctness and depth of the ideas they proposed. Their responses
obtained in each section were documented, and some of those, which are writings

of students in the activity sheets and direct quotations from interviews,
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observations and video records, were shared. For data analysis, the main topic
“Boxes” was analyzed in terms of its three aspects which are prisms, ESD and
advantages of teaching prisms supported by ESD. Then, these were divided again

into subtopics which are shown below (Figure 3).
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Figure 3 was created based on overall data analysis, and the categories
were organized according to the obtained data. Based on the Figure 3, the study
consisted of three main themes such as ESD, prisms and advantages of
supporting, respectively. Also, while ESD is expressed under four subtopics
which are recycling, reusing, needs for both of them, examples related to
recyclable wastes and packaging wastes, prisms were analyzed under two
subtopics in terms of their classification and nets and advantages of supporting
was also analyzed with different aspects in terms of daily life, benefits, and

participants’ suggestions and their opinion.

4.1. Education for Sustainable Development (ESD)

In the current study, education for sustainable development focused on
recycling and packaging wastes in order to answer what Sth grade students think
about the meaning of ESD in terms of recycling and packing waste. For this, the
objective that students were able to explain the concepts of recycling and recovery
and to contribute to the reuse of recyclable materials was used. Additionally, at
the end of the study, it was expected that participants would have an idea about
the terms related to recycling, packaging wastes, and importance of recycling, and
that they could try to make an effort to increase the amount of recycling and

decrease packaging wastes.

At the beginning of the lesson, participants got informed about outline of
current lesson, and then they watched a video. Before watching it, participants
discussed the terms in topic. Also they were instructed to focus on these terms and
processes in that video since they would discuss those after watching it

(http://www.cevkococuk.org, 2016).

After the classroom discussion about the video, participants did the
activity sheet 1.1 (see Appendix B). In the activity sheet, participants answered
questions such as what definitions of recycling and packaging waste are, why

recycling is necessary and which wastes are recyclable. Furthermore, in the video,
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it was mentioned that 17 trees are cut for 1 ton of paper. In the first question of the
first paper, participants were asked to calculate how many boxes were needed for
17 trees. Hence, the recycling was remarkable for participants. Moreover, the aim
of some questions in activity sheet 4 (see Appendix B) and in interview showed

similarity with the aim of activity sheet 1.

After the obtained data was evaluated, the following results were obtained.
As a result, four main topics appeared in the analysis. The first one was the
definition of recycling, and the second one was needs for recycling. Also, the third
one was about examples of recyclable waste, and the last one was about

packaging waste. The answers of participants were presented in these parts.

4.1.1. Is It Recycling or Reusing?

In answers, it was seen that participants thought that reusing is equal to
recycling. Also, transformation of wastes was very frequent in the answers of

participants.

As for the findings of documents and observation, recycling was perceived
as life by one participant and as reutilization of creatures and objects by another
participant. Furthermore, one defined it as making something new, and one
responded that it was recycling of old things. While one participant stated that
recycling was reusing batteries, two participants mentioned that recycling was

reusing papers.

When P2 mentioned some steps of recycling process (Figure 41a, see
Appendix A), she was the only person who could be affected from the video since
this process was mentioned in it. Moreover, while one participant mentioned the
kind of transformation for boxes, another one did this for wastes. In this case,

there could be difference between both participants in terms of using terms.

According to one participant, recycling could be a kind of transformation.

In this case, waste could be transformed into the newest object. However,
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participants did not mention stages of recycling process. Moreover, two students
described recycling as throwing wastes to recycling boxes. While one student
preferred reutilization of wastes instead of throwing them away, one student
underlined not only recyclable products but also its importance in order for the

environment to turn green (Figure 41b, see Appendix A).

Also, three of them stated recycling could be done for products if their
usages were completed. Of these three participants, only two mentioned that
wastes were refurbished and one participant stated wastes were recycled with the

help of recycling.

In general, six participants stated that if products lost their use, they could
be recycled. Also, three participants thought wastes were sent to recycle bin.
Moreover, one participant illustrated how batteries were collected for recycling in
the classroom where students bring in used batteries for recycling (Figure 41c, see
Appendix A). Additionally, definition of recycling in documentation and

observation is shown in Table 1.
Table 1

Data Analysis Results: Documentation and Observation - What is recycling?

Recycling is Number of participants
Life 1

Making something new (after losing products’ 6

use)

Transforming the oldest into the newest 2

Reusing (batteries, paper) 3

Recycling of paper 1

Sending wastes to recycling bin 3

Returning 2

When one participant mentioned that wastes were gathered in a special
place for recycling, another stated that wastes were gathered in special boxes.

Besides, while two participants underlined that recycling referred to
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transformation, one participant defined it as reusing, and two participants defined

it as returning.

In the interview, when seven participants were interviewed, they showed

different aspects in definition of recycling. The answers were shared below:

P2: After recycling, individuals can use the same thing. Also,
recycling is necessary for the prevention of trees from being cut.

P3: We support recycling in order to protect nature.
P7: We prevent cutting trees and we aim to reuse the same thing.

P12: Recycling was transforming the oldest into the newest one.
As a result, we can protect papers.

P13: Thanks to recycling, wastes are turned into products. Thus,
environment and trees cannot be damaged.

P15: It is the protection of nature and the prevention of trees from
being cut.

P16: It is our life. In other words, it is necessary to continue our
lives.

As a result, one defined it as life. Also, while two identified it as

reutilization, one defined it as transforming the oldest into the newest. Besides,

two said that its duty was to protect nature, and one stated that recycling was

transformation. Additionally, definition of recycling in the interview is shown in

Table 2.

Table 2

Data Analysis Results: Interview - What is recycling?

Recycling is Number of participants
Life 7
Reusing 1
Transforming the oldest into the newest 1
Protecting the nature 2
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According to all, recycling was perceived differently by participants. In
this case, some participants might have perceived recycling as transformation
because of the Turkish meaning of recycling. Additionally, some might have
expressed it as the protection of nature in order to support less consumption. Also,
others might have connected recycling with an experience. In the next part,

participants answered why recycling is necessary.

4.1.2. Is Recycling Necessary? Why?

When participants answered the question why recycling is necessary, ten
different statements appeared, and some participants used more than one of these
statements. In this part, participants had the perception that recycling had the same

meaning as reusing.

When documents and observation results were analyzed, some different
perceptions were obtained from the participants. According to these, seven
participants gave importance to recycling in order not to cut trees (Figure 42a, see
Appendix A). In this case, it was thought that participants were affected from the

video about recycling of packaging wastes.

While two participants mentioned that it was necessary since individuals
produced more garbage, two participants gave importance to it in order to make

life easier, and it was helpful to humans (Figure 42b, see Appendix A).

Also, three participants supported it for protection of nature and
environment, and one wanted the environment to turn green. In addition, one
participant did not want nature to die and this participant thought that recycling
was necessary for healthy and safe life. In addition, another one wanted recycling

for regenerating and one did not want the products to be wasted.

Moreover, one participant wanted individuals to get sensitive about this
topic, and two participants stated if wastes were not recycled, the amount of

oxygen decreased. Another one added that ozone layer could be damaged without
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recycling and one participant gave importance to the ozone layer and she
mentioned the importance of oxygen for creatures (Figure 42¢, see Appendix A).

Additionally, reasons why recycling is important is shown in Table 3.

Table 3

Data Analysis Results: Documentation and Observation — Why is recycling

necessary?

Recycling is necessary in order Number of participants
To provide healthy and safe life

To make life easier

Not to cut trees

To protect nature/environment

To protect ozone layer

Not to decrease the amount of oxygen

DO — W QD

Additionally, in classroom discussion, while one of the participants
claimed that recycling is important in order to prevent toxic gas, another one

valued it to save it from solar radiation.

In addition to documents and observation, seven participants answered
why recycling was necessary in the interview.
P2: Recycling is necessary to prevent trees from being cut.
P3: We can protect nature.

P7: We can prevent trees from being cut and we aim to reuse same
thing.

P12: We can protect papers.
P13: Environment and trees cannot be damaged.

P15: It is the protection of nature and it is the prevention of trees
from being cut.

P16: It is necessary to continue our lives.
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According to the answers, one believed that it was necessary for the
continuation of life. While one aimed to protect papers, four aimed not to cut
trees. Also, one had the purpose of protecting nature while one did have the

purpose of environment. These are also shown in Table 4.
Table 4

Data Analysis Results: Interview - Why is recycling necessary?

It is necessary in order Number of participants
Not to cut trees 4
To protect paper 1
To protect nature/environment 2
To continue life 1

All in all, participants understood that recycling was necessary to protect

nature and to provide continuity in life.

4.1.3. Examples of Recyclable Wastes

After participants answered how to recycle wastes, they gave examples for
recyclable wastes. According to answers in the activity sheets (see Appendix B),
participants were grouped based on the examples of recyclable wastes in their

activity sheets. All of them used paper as waste for recycling.

While ten participants illustrated batteries since they gathered batteries in
classroom for recycling, nine participants gave recycling of glass as an example.
Also, eight participants mentioned plastic wastes, and four participants stated
bottles, but they did not mention their types. Moreover, while two participants
stated glass bottles, one suggested plastic bottles. In addition, two participants
gave used oil as an example, and two mentioned boxes as an example for
recycling. Furthermore, one for each exemplified tree, stone, frazzling objects and

vegetables or food. These are shown in Table 5.
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Table 5

Data Analysis Results: Activity Sheet 1-Q5- What are examples of wastes for

recycling?

Example Number of participants
Paper 2
Paper, battery, glass 2
Paper, glass, plastic 1
Paper, battery, bottle 1
Paper, battery, bottle, plastic 3
3
1
1
1
1
1

Paper, bottle, glass, plastic

Paper, battery, glass, oil

Paper, battery, box, oil

Paper, battery, box, glass, rock, tree

Paper, carton, frazzling attires

Paper, battery, glass, plastic, vegetable, food

According to these, participants mostly focused on battery and paper
recycling. Additionally, while some of them gave glass and plastic as examples,
some might have been affected by classroom discussion and gave vegetable, food
and oil as examples. However, the reason why one participant gave rock as an

example is unknown.

By carrying out observations in classroom, one participant asked whether
all the creatures were recyclable or not. Then, some participants tried to exemplify
how creatures were recycled if possible. Then, while one of them mentioned
leaves falling from tree during fall and snakes molting, another one proposed that

people could be recycled after death.
P6: When snakes molted, this could be recycling.

P4: People could be recycled after dying.

P16: In fall, leaves drop from tree and then they transform. They
could be used as plant-food.

P13: After certain procedures, some products could be used as fuel
in transportation.
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This question of participant might have resulted in the fact that other
participants wrote examples such as animals, plants, wood or vegetables and fruits
in activity sheets. In addition, one participant exemplified carbon cycle as
recycling. While giving examples, one participant, the first person to mention
glass bottles were examples of wastes for recycling, drew the figure of a glass
recycling bin in which glass bottles are collected for recycling (Figure 4.), in order

to exemplify and introduce it.

Figure 4. P15’s drawing of glass recycle bin.

During the interview, participants exemplified wastes for recycling except
paper. Their answers that are wood, fabric, dye, computer, food and animals were
different.

P2: Packaging wastes, battery, glass and wood.

P3: Battery, glass, plastic, oil, wood, fabric and dye.
P7: Foods.

P12: Computer, bottle of coke.

P13: Oil, battery, packaging wastes and plastic.
P15: Glass and plastic.

P16: Glass, plastic, paper and animals.

60



In addition, one participant who drew the glass recycling bin said glass and
plastic as an example, and also he answered whether he had interest in recycling
because he was the only one who gave different examples such as glass in

classroom discussion.

P15: Recycling sounded interesting to me, and also my previous
school had projects about it. For example, there were boxes which
were owned by CEVKO and wastes were classified into suitable
bins.

In this case, it can be proposed that participants’ experience had an effect

on their answers and their examples.

4.1.4. Definition and Examples of Packaging Wastes

Questions such as what packaging waste means and what examples can be
given were asked. When answers were analyzed for packaging wastes, only seven
participants gave examples, and only eight participants described it. Also, only
two participants described and gave examples about packaging wastes. For all

answers, nine groups were formed, and some contained definition of packages.

From the activity sheets, some results were obtained. Three participants
described package as a protection shield for products and foods since food was
wrapped with this matter (Figure 43a, see Appendix A), and consumers controlled
whether the package was already opened before or not. While one identified that
packaging wastes were lines on boxes, two said packaging wastes were recycling.
Besides, one mentioned that it was a plastic bag in order to cover a package, and
one said it was a box of product. Also, one participant thought that packaging
waste was a waste material, and it was the source of pollution. Moreover, one
participant stated that they are labels on different packets. These are shown in

Table 6.
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Table 6

Data Analysis Results: Documentation — Definition of Packaging Wastes

Packaging waste is Number of participants
Protection shield for products and foods

Line on boxes

For recycling

Waste material/source of pollution
Plastic bag to cover package
Label on different package

— = N = W

Moreover, two participants exemplified that packaging wastes were toy
packages, and another participant exemplified packaging waste as an object
surrounding the surface of the battery. While four participants mentioned
examples such as cartons, packets of chocolate and packages of balloons (Figure
43b, see Appendix A), one participant gave the same examples except packets of

chocolate. These are also shown in the Table 7.
Table 7

Data Analysis Results: Documentation — Examples of Packaging Wastes

Packaging waste(s) is/are Number of participants
Toy packages 2

Object surrounding the surface of the 1

battery

Cartons, packets of chocolate and 4

packages of balloons

Cartons and packages of balloons 1

In the classroom, after the video about recycling was watched, participants
shared their packaging wastes examples, and they started with the definition of

packet.
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P11: Packaging wastes could be milk boxes, packets of toys or
paper cups.

P16: Packets were results of control, and the packages cover the
outer surface of the boxes.

P7: While packages protect items, packaging wastes were for

recycling of packages.
According to results, the most of the participants did not have difficulty in
exemplifying packaging wastes. However, they had difficulties in defining
packaging wastes. In this case, it can be said that participants had idea about

examples of packaging wastes, but they could not define them.

4.2. Teaching Prims

In this part, teaching prisms in the fifth grade level of mathematics courses
was analyzed in terms of their classification and their nets. While learning prisms,
participants used boxes such as rectangular prisms, square prisms and cubes.
Especially, boxes which were brought into the classroom mostly demonstrated
rectangular prisms and two boxes exemplified cubes. Hence, since the formal
names of prisms and prisms as a term were not given, prisms were mentioned as
boxes. After participants analyzed and shared their ideas about boxes, names of
prisms and their relations with each other became clear. During the application,
participants distinguished and classified boxes in terms of their surface shapes, the
number of edges, corners and surfaces and the bases of prisms. Then, they
constructed nets of prisms and drew them. Additionally, they differentiated their

closed and open forms by analyzing different nets.

The aim of this part is to investigate the question what the thinking
strategies of 5th grade students for classification and nets of prisms are. Hence,
the objective is to recognize the rectangular prisms and to determine the basic
elements in the first part. Then, the study continued in order to draw the nets of
the rectangular prism and to decide whether the different nets belonged to the

rectangular prism in the second part.
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4.2.1. How Are Prisms Classified?

In this part, it was aimed that students would be able to recognize the
prism of rectangles and to determine the basic elements. Participants classified
prisms in terms of their shapes of surfaces, the number of corners, edges and
surfaces and shapes of bases of boxes, respectively. Each participant had picked
one box randomly from the corner of classroom where all boxes were gathered
before they analyzed them. For this part, the activity sheet 1.1 (see Appendix B)
was used firstly, and it contained the questions how classification was done, how
many groups were formed, how boxes could be called, how objects matched with
types of prisms and what the number of surfaces, edges and corners was. Also,
some questions in activity sheet 4 were used at the end of this application, and
these aimed to explain how classification of boxes had been done and what the
important consideration(s) in classifying boxes was (were). Additionally, answers
for the first paper were discussed by participants in the classroom, and these

answers were analyzed in the next sections.

4.2.1.1. According to Shapes of Surfaces

In this classification, participants decided what shape of surfaces the
rectangular and square boxes had. In analyzing the results of documents and
observations, participants firstly answered what geometric shapes they saw on
boxes after they analyzed their boxes. All the participants in the classroom
mentioned that they had rectangular and square shapes, and all showed these
shapes on their boxes. Then, they explained how they decided whether these
shapes were rectangle or square. Some of the students shared their answers in the

classroom as below.

P13: I looked at every surface of the box, and then saw that this
side was longer than the other. In other words, it had a long side
and a short side, and this was valid for other surfaces.

P3: I predicted...While this part looked like rectangle, other one
looked like a square. For square, I felt its length of sides was
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approximately equal to each other. However, for rectangle, length
of the sides was different. Hence, I had rectangular and square
shapes.

P7: Teacher, I want to share how I decided. I measured firstly. I
used my pencil; this is its (pencil’s) length. Then I measured all
sides. As a result, there was equality in the length of opposite sides,
but all sides were not equal to each other, so these were rectangle,
and I had only rectangular shapes on my box.

Figure 5. P7 measures the sides of boxes with pencil.

P15: I used my pencil box, and I obtained rectangular shapes.

P2: When I measured by spanning, I had four rectangles and two
squares.

P5: I measured with my finger. In this case, some sides are equal to
each other in one part, but for the other, these are not. Hence, I
have rectangular and square shapes.

Figure 6. P5 measures the sides of boxes with her finger.

While deciding the shapes of surfaces, participants made use of different
materials such as pencil, pencil box in order to measure length of edges. During
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decision period, it was observed that participants used informal measurement
instead of formal one. Then, participants formed classification groups according
to the number of surfaces of the same shapes. After the discussion, participants
decided on three groups, and they called these groups of boxes as both rectangular
and square shapes (the first group), only rectangular shapes (the second group)

and only square shapes (the third group).

Later, students answered what their special names can be and why they
can choose these names. For the first part of the question, there was a participant
who mentioned that these boxes do not have a special name. While the term
“cube” was used by three participants, “prism” was mentioned by two
participants. When they showed the reason why they called it as such, they said
they remembered these names from previous years. Moreover, rectangle was used
by five participants, and square was stated by six participants. The reason of this
can be the naming in the first classification which was done according to shapes
of surfaces. Also, some participants used different names such as geometric
boxes, length of rectangle, length of square and length of square- rectangle, half
square, all square, all rectangle, all square all rectangle; some square some
rectangle, short-long box perpendicular box, short-long-perpendicular box and
vertical and horizontal boxes were used once. Students’ answers might be based

on the discussion related to naming for the first classification before this question.

For the second part, students discussed how they chose these names. While
many students could not answer this question, one participant explained that she
named the shape based on lengths of edges. From what she said, it was observed

that this student used her estimation skills:

I measured the lengths of the shapes by using my finger, and some
lengths were different, some were the same. As a result, we
classified these in the first group (both rectangular and square
shapes). The name of these boxes had to be compatible with this

group.
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Before the next question, students were not given the formal geometric
names of these shapes such as rectangular prism, square prism and cube by the
teacher, and then they were asked to group the materials from real life. First
example (cabinet) was rectangular prism, and the second example (dice) was

cube. Finally, third example (refrigerator) was square prism.

Figure 7. Examples of rectangular prism, cube and square prism,

respectively.

However, participants placed examples according to the first classification
which contained shapes of all surfaces, not bases of boxes. According to this,
examples such as cabinet, dice and refrigerator were matched with the second
group, all surfaces of which were rectangular shapes, the third one, all surfaces of
which were square shapes, and the first group, surfaces of which contained both
square and rectangular shapes, respectively. In the end, six students could not
answer, and they did not place them in any group because they mostly spent time
on counting the surfaces, seven participants placed all examples in correct groups.
Additionally, one of the students named the correct place for cabinet and dice but
not the refrigerator. This might stem from the fact that the bases of refrigerator

were not seen clearly.
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4.2.1.2. According to the Number of Corners, Edges and Surfaces

In this part, sixteen participants answered how many corners there were on
the rectangular prisms, cube and square prisms. Also, participants defined the
number of edges and the number of surfaces of the rectangular prisms, cube and
square prisms which were exemplified as cabinet, dice and refrigerator,
respectively. (This is the second part of question 8 in the activity sheet 1.2). The
expected answer from participants was that rectangular prisms (cabinet), cube
(dice) and square prisms (refrigerator) had 8 corners. However, while some
participants answered correctly, others had difficulties in defining the number of

corners.

For the cabinet (example of rectangular prism), while one participant
answered it had 4 corners, another (P10) said it had 7 corners, and P10 used the
term ‘diagonal line’ instead of corner. They answered incorrectly since they did
not count some corners. Also, one student said it had 13 corners while another one
answered it had 18 corners. They might have counted some corners twice.
Besides, ten participants answered correctly by saying the cabinet had 8 corners
since after they counted the corners on one surface, they multiplied it by two.
Although one participant (P6) did not write answer for numbers of corners, edges
and surfaces on the paper, he marked their places on the given examples (Figure

8).

h"“‘-.l .--""'

Figure 8. P6’s markings for corners.
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However, he did not mark all corners since he could not realize corners at
the back. In other words, he marked corners in front of the cabinet which were
seen at the first glance. Hence, he did not mark the corners which were placed at

the back of the cabinet.

In the example of prisms which was a cube represented by a dice, while
one participant said it had 24 corners, one participant said it had 9 corners, and
another one answered it had 7 corners. They had incorrect answers because they
either had counted some corners twice or counted the dots on dice. For the same
part, one participant incorrectly stated it had 4 corners since some corners at the
back could not be observed. Moreover, nine of the sixteen participants answered
correctly that the dice had 8 corners since they made use of boxes while counting
them. In the example of refrigerator for square prisms, one participant said that it
had 2 corners while one of them said it had 4 corners, and one participant said it
had 6 corners since they did not notice invisible corners. Hence, their answers
were not correct. Eleven participants mentioned correctly that it had 8 corners by
counting or marking corners on the boxes. At the end of this part, the reasons why
differences in the numbers of corners were different were mentioned by some

participants below.

P1: I did not count some corners on box since I did not see them.
Hence, I thought the answer was fewer than 8 corners for all kinds
of prisms.

P15: I had incorrect answers since I counted some corners of the
cabinet twice. Also, for the dice, I counted the dots on surfaces as
corners. As a result, I thought it had more than 8 corners. However,
I did not give any answer for the refrigerator since I did not see
some corners at the back.

P7: I found correct numbers for all examples since I marked the
corners on the box.
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Figure 9. The student marks the corners on the box.

For the number of corners, seven participants correctly gave answers as 8
corners for all because they either counted them on their boxes or multiplied the
number of corners on one surface by thinking that both surfaces have the same
number of corners. Also, participants stated the number of corners was more than
8 corners since they mentioned they counted dots or pieces on surfaces as corners
of objects. Participants who stated the number of corners was fewer than 8 corners
did not count the corners which were on the other side of objects since they did
not see those corners. In terms of the number of edges, it was expected answer
that rectangular prisms (cabinet), cube (dice) and square prisms (refrigerator) have
12 edges. However, while the correct numbers were shown, the mistakes were

obtained for the number of edges.

When answers related to the cabinet (rectangular prism) were analyzed,
there were 4 different incorrect answers which were 2 edges, 4 edges, 8 edges and
10 edges given by four different participants. They gave incorrect answers since
they either could not count some edges or they could only count edges on one
surface or two surfaces. Another participant incorrectly answered it by saying it
had 15 edges since he counted some edges twice. Also, eight participants
answered that the number of edges in prisms was 12 since they counted edges
both on concrete material, box, and on paper, simultaneously. In the next example
which was a dice for cube, 2 edges, 6 edges, 7 edges and 11 edges were given as
answers for the number of edges by four participants. Also, two participants said

that there were 9 edges. These six participants did not give correct answers since
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they did not count all edges which were not seen on paper. Seven participants
mentioned the dice had 12 edges since some either counted edges on boxes or
some marked edges on boxes. In another example for square prisms, the
refrigerator, because of unseen edges on paper, some participants gave incorrect
answers. While one participant stated there were 2 edges and three participants
said it had 6 edges, two participants said there were 8 edges. Also, eight
participants answered correctly that it had 12 edges because these participants
marked and counted edges on the boxes. In all of the answers about the number of
edges, the reasons of differences in numbers of edges were mentioned by some

participants below.

P1 & P2: I did not count some edges on the box since I did not see
them. Hence, I figured out the answer was fewer than 12 edges for
all kinds of prisms.

P11: I had incorrect answers since I counted some edges of the
cabinet twice, so I found more than 12 edges. Also, for the dice and
refrigerator, I did not count some edges, so I found fewer than 12
edges. As a result, I found more than 8 corners.

P5: I found correct numbers for all examples since I counted edges
on the box.

Figure 10. Counting edges on boxes.

For all, six participants gave correct answers for the number of edges as
12. The reason of different answers was that covers of boxes had two pieces, and
participants tried to count them. While some participants counted some edges

twice, some counted one surface and multiplied it by two. In addition, in the given
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examples, one surface was formed by more than one piece, and participants
counted them separately. Besides, while P14 used the term “edges” for
rectangular prism, he used the term “side” for the other two kinds of prisms but he

did not explain the reason.

Figure 11. P14’s answer regarding the number of edges, corners and

surfaces.

As a result, he could not distinguish the difference between edge and side,
or he thought that they were the same. When participants answered the question
about the number of surfaces, expected answer was that rectangular prisms
(cabinet), cube (dice) and square prisms (refrigerator) had 6 surfaces. However,

while the correct numbers were shown, there were mistakes in the answers.

When answers for the number of surfaces in the cabinet were analyzed,
while one participant answered that it had 4 surfaces since unseen surfaces of
cabinet could not be counted, another participant answered it had 12 surfaces
since all pieces on surfaces could be counted. There were nine participants who
correctly answered, 6 surfaces, since some participants counted the surfaces on the

boxes. For the dice, while one participant said it had 4 surfaces, one said it had 5
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surfaces since they did not count all the surfaces. Also, another participant stated
that there were 12 surfaces since all the surfaces were counted twice.
Additionally, eight participants gave the correct answer as 6 surfaces because they
marked surfaces on their boxes. In the example of refrigerator, two participants
said it had 2 surfaces since they counted the surfaces on the front of the
refrigerator on which there were two pieces. Two participants said it had 8
surfaces since they counted all the pieces which they saw. Additionally, eight
participants gave the correct answer, 6 surfaces, because of counting surfaces on
the boxes. The reasons of differences in the answers were mentioned by some

participants below.

P1: I did not count some surfaces on paper since I did not see them.
Hence, I figured out the answer was fewer than 6 surfaces for all
kinds of prisms.

P2: I had incorrect answers since I counted all the pieces on the
cabinet and refrigerator, and for dice I miscounted some surfaces,
so I found out that the number of surfaces was more than 6
surfaces.

P12: I found correct numbers for all examples since 1 wrote the
numbers for surfaces on the box.

Figure 12. Writing the number of surfaces on the box.

For all, eight participants gave correct answer that is 6 surfaces as they
could either count the surfaces or write the numbers on surfaces. The reasons of
differences in numbers may stem from two aspects. While one reason can be that
participants did not count or see the opposite surfaces, the other one might be the

fact that one surface was formed by more than one piece.
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4.2.1.3. According to Shapes of Bases of Boxes

Before the last classification, sixteen participants defined their surfaces of
box as rectangular and square. Then, they decided what surface was the base(s) of
the box and what kind of prism they had. Firstly, they decided their sort of prisms
according to shapes of surfaces which was their first classification. Then, they
were informed about how prisms are called or classified with an instruction which
was if all the surfaces are square, it is cube, but if the bases of the box are
rectangle, it is a rectangular prism, and if the bases of box are square, it is a square
prism. In this case, it was aimed that participants distinguished differences
between rectangular prisms and square prisms since they had similar opinions
about cubes. Then, some students showed their ideas and while some had different
surfaces such as rectangular and square shapes, some had the same shapes for all

surfaces which are either rectangular shapes or square shapes.

P3 & P13: I could not decide since I had different surfaces. If I
choose this surface (square surface), this box is a square prism.
However, if I choose this surface (rectangular surface), this box is a
rectangular prism. In this case, how could we decide?

P7: All the surfaces in one of the boxes which I found were square.
In this case, we called it as cube. However, in this box, there were
both rectangular and square shapes. Hence, I called it as rectangular
prisms since I chose rectangular surface as a base.

P16: My box was a rectangular prism since all the surfaces were
rectangle.

In this case, when all the surfaces had similar shapes, participants did not
have any difficulty to call them. On the other hand, when prisms had different
surfaces, participants had difficulty calling them correctly since they could not
decide which surface made up the bases of prism or box. As a result, participants
had the same opinion about rectangular prisms and cubes, but their definition of
square prism was problematic. Then, they were informed about differences

between rectangular prisms and square prisms. In this case, if all surfaces of box
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are rectangle, this is called a rectangular prism. If the box has both rectangle

surfaces and two square surfaces, then, this is a square prism.

Later, they completed their last classification according to the shapes of
bases of boxes. Thus, fifteen participants correctly classified their boxes in new

groups.

P3: After this, I called my box as square prism since there were
rectangular and square shapes. If it only had rectangular surfaces, I
would call it a rectangular prism.

P12: My box was a rectangular prism since all the surfaces were
rectangle.

P13: My box was both rectangular and square. Hence, it was
moved to another group since I placed it in the wrong group.

In this case, it was observed that participants could distinguish differences
between prisms, and they could classify prisms in correct groups. However, one
participant could not decide on the bases of her box. In other words, she had prism
with either rectangular bases or square bases. Then, her friends advised that she
measured the length of edges on bases. Thus, she found different lengths for
edges, and the she decided it was a rectangular prism. Then, students were
remembered the formal geometric name of these shapes such as rectangular prism,
square prism and cube, and their specific properties were repeated by the teacher

again.

All in all, answers for how many groups were formed for classification
were analyzed. There were two participants who said there were two groups since
they could not remember the group which contained the cube. Thirteen
participants correctly mentioned three classified groups in prisms. In the next

question, participants answered how these groups were formed.

P4 & P12: I classified them according to names and objects.
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While two participants stated that they classified them according to their
names and objects, objects can be matched with shape of surfaces. In this answer,
it was not understood clearly why participant classified them according to names.

Also, names could refer to shape of surfaces.

P13& P16: I did classification according to their corners, edges
and surfaces.

After two said they did the classification according to their corners, edges
and surfaces, it was asked whether there were differences between the number of
corners, edges and surfaces. Participants answered that these numbers were
similar for three kinds of prisms. Thus, they can benefit from the different length

of edges and surfaces while classifying prisms.

P2: 1 made use of differences or similarities of surfaces of the
boxes, and I classified them.
Similar to P2, six participants made use of shapes of surfaces of boxes in
order to classify boxes. It was observed that nobody used the statement
“according to their bases” since this question was asked before prisms were

classified according to their bases.

Then, the last activity sheet was analyzed, and the results were taken only
from papers. In this paper, participants answered the previous question which was
How were the prisms classified? again (this question in the activity sheet 4 was
rearranged in the class hour since its original form had a different meaning).
When the answers were analyzed, it was seen that nine participants mentioned
they classified the boxes according to their surfaces, and three participants did this
according to boxes’ names and objects which may refer to shape of surfaces. This
shows that participants did the first classification according to shapes of surfaces
and the second classification according to the number of corners, edges and

surfaces, but they did not do the third classification according to bases of boxes.
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In the answer, the participant wrote some terms of geometry in order to
answer how the prisms were classified (Figure 44a, see Appendix A). However,
diagonal lines as a term were not used in the study. Hence, it might show that
participant made use of the previous knowledge, but it was irrelevant to the

current topic.

Also, two participants said that they classified boxes by means of scissors
(Figure 44b, Appendix A) and three participants mentioned that they classified
boxes by cutting. They expressed in this way since this question was answered on
paper at the end of the study, and one of the last activities was constructing nets.
While constructing nets, boxes were cut into pieces to construct nets and draw
nets. In other words, these participants might have misunderstood that boxes were

cut into pieces instead of the fact that prisms were unfolded.

In addition, participants answered the fifth question after it was
reorganized in the classroom. The questions were reorganized as What should be
considered while classifying prisms? and Why is classification of prisms
important? (The original question was What do you pay attention to while you are
separating the boxes?) When they were obtained from only papers again, two
different groups were formed according to the perception of participants. While
participants in the first group called this as classification of prisms, participants in
the second group focused on substantiality of boxes or packages since they
answered these questions at the end of application, and they could not decide
whether it was about prisms or recycling. In the detailed answers of this question
of the first part, while three participants classified boxes according to surfaces,
two participants did this according to edges and corners. Besides, four participants
stated that they did classification according to shapes of boxes, but two of them
mentioned they classified them as square and rectangle. Moreover, two
participants classified prisms in terms of their names and objects. In these
answers, it was obtained that participants can focus on classification according to

the shapes of surfaces in prisms and the number of corners, edges and surfaces of
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prisms. Hence, they cannot be aware of the importance of bases of prisms for
classification. While one took care of packages of boxes for classification, two of
them highlighted that packages of boxes were not torn. In other case, they

mentioned they could not study with them.

In the second part of this question in terms of importance, while one
proposed that learning got easier, another one gave the importance for finding
whatever we seek (Figure 45a, Appendix A). Also, three participants emphasized
the importance of classification. Furthermore, one aimed to study prisms while
one purposed to build prisms, and one showed the importance in terms of learning
the shapes of prisms. In this case, this participant might have thought that
classification of prisms helped him learn what shapes of surfaces prisms

contained.

In this case, it can be observed that participants answered why
classification was important according to their perceptions such as classification
of prisms and recycling of packages (Figure 45b, Appendix A). Hence, they can
associate classification of prisms with recycling in unexpected ways. These are

shown in Table 8.

Table 8

The number of students who classified prisms

Classify prisms The number of students
according to surfaces 9
according to names & objects 3
by means of scissors 2
by cutting 3

During the interview at the end of study, seven participants were
interviewed individually, and their answers about how prisms are classified were

shown in detail.
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P3: We classified them according to bottom and top surfaces. If
they were rectangle, they were rectangular prisms. If they were
square, they were square prisms. If all surfaces were square, they
were cubes.

P7: When we classified, we considered their surfaces (Then, which
surfaces of prisms we considered was asked). We considered its
bases.

Then, four of seven participants said that they classified prisms according
to their bases, and three said they did the classification considering their special
names. During this process, it was observed that participants could not give the
answer at once. However, after getting some clues, they came up with the

answers.

P2: We studied classification of prisms according to their angles,
corners, edges as first, and surfaces as second and bases as third
and last. Also, we organized them with the help of estimation.
Then, we named prisms according to their bases.

This participant mentioned the classification steps in the classroom, and
then she needed some other ways about how we did and what the second one was.
Also, she highlighted estimation since they made use of estimation in deciding the
length of edges or differences between the surfaces of the box. Another one
claimed that classification was done according to corner, edge and sides, and then
it was reorganized according to shapes of surfaces of prisms. While one
participant agreed with the previous one on the idea that suggested classification
according to corner, edge and surfaces, he gave their names as cube, rectangles
and rectangle - squares. One participant mentioned they did two classifications
such as first and second one and during these, their surfaces had effect on
classification. It was observed that they considered the first two classifications at
the start of the study, and they might not have thought that prisms were classified

according to the bases of prisms.

P13: We classified prisms as rectangles, cube and rectangles -
squares. While classifying, we considered their surfaces, corners
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and edges, but they were numerically equal to each other in all
prisms. For instance, the number of surfaces in all prisms was 6.

P15: We classified prisms as rectangular prisms, square prisms and
rectangle- square prisms since this classification create
opportunities in recycling of boxes.

It was clear that participants had difficulty in naming prisms. They could
not consider the focus on the last classification, or since they classified prisms
three times, they might have confused the terms with each other. Additionally, in
the interview, while one participant mentioned that cube had a special situation
since all the surfaces of it were square, one participant stated both edge and side
could be used for prism because of their similarity. In this case, it was found out
that participants can distinguish characteristics of prisms while calling them, but

they can have difficulty in distinguishing some terms such as edge and term.

As a result of the interview related to this part, while four of seven
participants mentioned the bases of prisms affected classification, three
emphasized the surfaces of prisms along with corner and edges of prisms in

classification of prisms.

4.2.1.4 Relationship between Nets of Prisms and Classification of

Prisms

This subtopic was formed according to the results of the interview. In this
case, seven participants answered whether the differences in the prism nets affect
classification of prisms at different times by ordering the school numbers.

Participants’ answers were shared below.

P3: Both prism and its net were analyzed for classification. On the
other hand, we could not decide what groups this prism contained.

P3 & P13: We could not classify prisms according to the nets of
prisms.

P2 & P12: If nets had been shown at the beginning, we could have
placed prisms in different groups.
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P16: We could decide the type of prisms after we formed the prism
by folding the nets of prism.

P7: Classification did not change according to nets.

In this part, participants are expected to say that differences in nets of
prisms do not change the type of prism since if all surfaces of prism are rectangle,
it is called a rectangular prism while if all the surfaces of prism are square, it is
called a cube, and if a prism contains both rectangular and square surfaces, it is
called a square prism. As a result, five participants who were interviewed thought
that prism nets might have had effect on classifying. In other words, they
underlined that nets of prism could be misleading while deciding the type of
prism. It can be seen that some participants thought that prisms and their nets
were different from each other. In order to ensure the type of prisms, participants
advised that they tried to fold nets. Hence, they could easily define the type of
prism. In the answers, only one participant emphasized that classification was not
affected by the folding or unfolding situation of nets of prisms. According to this
participant, type of surfaces or bases can refer to the type of prism. In this case, it
can be thought that majority of participants cannot focus on the kind of surfaces in

defining the types of prisms.

4.2.1.5. Definition of Prisms

Definition of prisms was asked to seven participants in interview. All
participants had difficulty defining the prisms correctly. Hence, while some
mentioned they did not remember the definition, some stated they forgot it
because they were too anxious while getting interviewed. Then, it is asked
whether participants would define prism by means of a book if the book were a
type of prism according to its characteristics. According to the results, five of
seven participants chose the terms such as surfaces, corners and edges through

numeric ways such as 6 surfaces, 6 corners and 12 for the definition of prisms.

P2, P3, P7, P12 and P13: These were the objects which had 6
surfaces, 8 corners and 12 edges.
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While giving answers, it was observed that some participants memorized
these numbers, but they could not remember them exactly. Hence, all participants

who were asked this question tried to count them on the book.

It was observed that participants firstly used the number of corners, edges
and surfaces in order to define prisms. However, they had difficulty defining them
correctly without counting them since they could not match the numbers with the
terms such as corners, edges and surfaces. In this case, they were asked to show it
on a book. Then, they counted and showed the number of corners, edges and
surfaces simultaneously. In addition to these, they had an idea about whether the

book is a kind of prism. In this case, other 3D objects can also be a type of prism.

While one mentioned that prism was an object, one said that prism was the
object with different sides. After another one had difficulty in defining, it was
asked whether a book was a kind of prism or not. Then, he mentioned book was a
kind of prism. In addition, another one mentioned they had surfaces, edges, sides
and right angles. Moreover, three of them used the term side instead of edges
while defining at the beginning. While four used both side and edge at the same
time and one used only edge in defining prisms, one emphasized that both could
be used, but edges were most frequently used for prisms. However, during the
interview, none of these seven participants correctly defined prisms. The correct
definition was that lower and upper floors of prism are parallel and equal to each

other while lateral surfaces are equal and parallel to each other.

4.2.2. Nets of Prisms

During the application, the research question is “What are the thinking
strategies of 5th grade students for classification and nets of prisms?” In order to
give an answer for thinking strategies of 5th grade students for nets of prisms,
another studied objective is to draw the nets of the rectangular prism and to decide
whether the different nets belonged to the rectangular prism. Hence, three activity

sheets were distributed related to the nets of prisms and each contained different
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topics such as constructing nets, drawing nets and closing nets. For the first one,
participants with quaternion tried to construct given nets with their boxes. One
group had four different nets of cube and one had four different nets of square
prism. Two groups had four different nets of rectangular prisms to construct. In
the second one, participants tried to draw their nets of boxes and they matched
their box and classification groups by explaining their reasons. In the last paper,
participants explained whether given nets constructed prisms or not. In other
words, participants decided whether they were folded or not. Hence, it was
expected that participants could analyze whether the number of surfaces was 6 or
not, whether the length of edges in opposite surfaces were equal or not and
whether the surfaces overlapped each other or not. Some examples of the last

activity sheet related to the nets of prism are seen below.

Figure 13. Some examples from last paper.

At the end of this part, it was expected that participants would be able to
define characteristics of surfaces of prisms. Moreover, it was expected that that
they would be able to consider differences and similarities of nets in drawing and
calling them and that they would be able to distinguish whether the different nets

were related to the rectangular prism.

4.2.2.1. Constructing Nets of Prisms

At the beginning of the lesson, boxes were separated into their pieces to

construct nets. In this case, since covers of boxes had two pieces, it was advised to
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unite them by a sticky tape in order not to cause a disturbance. Then, all groups

showed their nets in classroom.

The first group of participants had four different nets of cube. They tried to

construct the nets below.

Figure 14. Some nets of cube.

In the constructing process, it was observed that they drew nets on given
pieces, and they did not organize pieces four times in order to construct different
nets of prisms. When the reason was asked in class, they mentioned they did not
want to construct again and again, and they had rectangular prisms. Hence, they
could not construct nets of cube since they emphasized that they had rectangular

surfaces.

Figure 15. The first group’s constructing nets as drawing on pieces.

Then, two participants of this group (P3, P7) were interviewed related to

constructing nets. When deciding kind of their prism, they stated that they counted
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squares in nets on a given paper, and then they measured edges of their box.
Hence, while they had nets of cube on the paper, they had rectangular prisms on
their desk. Thus, they had to change it, and they preferred drawing squares on
pieces. Moreover, they said if they had rectangular prism, they would draw them
again without wasting time. On the other hand, they mentioned if they did not
draw separately, they would not obtain a cube since their pieces were rectangle,

and they obtained a rectangular prism.

The second group of participants had four different nets of square prism.

They tried to construct the nets below.

Figure 16. Some nets of square prism.

In the constructing process, it was observed that they did not decide the
kind of their prism. They firstly said that it was a cube, then a rectangular prism
and finally a square prism. Then, they constructed one of these nets since they

said that they did not have enough pieces.

Figure 17. The second group’s constructing nets with pieces.
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After the teacher asked them, they changed places of pieces in order to
construct nets, which they completed all of them successfully. They said that they
had two square pieces and four rectangular pieces on paper. Then, they

constructed the other nets.

The third group of participants had four different nets of rectangular prism.

They tried to construct the nets below.

Figure 18. Some nets of rectangular prism.

In the constructing process, they called their prism correctly. Also, it was
observed that they benefitted from squared parts of paper to construct nets. They
stated their pieces were bigger than the ones on the paper. Then, they firstly tried

to use small pieces of box, and they constructed four different nets.

Figure 19. The third group’s constructing nets with incorrect pieces.
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However, when they folded pieces to construct a prism, they were not
successful since the prism had blanks on surfaces. By using bigger pieces, they
reached their aims and corrected their mistakes. Then, they explained the reasons

why they made mistakes.

P13 & P16: This was not folded in that situation. Hence, we could
try another piece which was bigger than the other pieces.

Figure 20. The third group’s constructing nets with correct pieces.

After two participants of this group (P13, P16) were interviewed, one
(P16) explained the reason of this situation as the box had more pieces and we
could not decide which one was used. Another one (P13) mentioned that the

drawing of nets on paper was deceptive.

The fourth group of participants had nets of rectangular prisms like the
third group. After deciding the type of their prism, they constructed the nets on

their activity sheet one by one.

Figure 21. The fourth group’s constructing nets with pieces.

It was observed they copied nets on the paper. While constructing nets, it

was observed that participants of group had some confusion over the position of
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pieces. The reason of this confusion can be stated that each participant was sitting
in different places in groups of four, and participants in group looked at the nets of
prisms on paper from different angles. Thus, the place of the pieces was not the

same for all members in the groups.

All in all, the first group was the first group in terms of closing these nets
to analyze whether they constructed a prism/cube or not. Also, other groups tried
to do this after the first group tried and shared theirs. During the application, all
groups analyzed the activity sheets in terms of squares in nets. In this case, they
can be aware of the importance of edges’ lengths. Two participants stated that
surfaces of prisms in nets were thought as square. If students counted the squares
on paper for defining the length of edges, they understood the shape of surface as

rectangle.

4.2.2.2. Drawing Nets of Prisms

In the activity sheet 2.2 (see Appendix B), fifteen participants were
expected to draw the nets of their box in a given area and explain why they drew
the nets of their prisms like that. In this part, participants were expected to draw
six surfaces with equal length of some or all edges by making use of their kinds of

prisms.

While one participant drew nets with seven surfaces (Figure 22) and
another participant (P6) who showed the number of corners on the figure drew

nets with eight surfaces (Figure 23).

Figure 22. Net of prism with seven surfaces.
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Figure 23. Net of prism with eight surfaces.

While thirteen participants drew six surfaces on nets of their prisms
correctly, some of them cannot consider equality of length of edges. Hence, only
three of these participants (P3, P4, P13) took the length of edges into
consideration. In other words, they counted squares on papers for length of edges

in order to draw nets of prisms (Figure 24).

Figure 24. Drawing of P4.

Hence, these participants paid attention to length of the edges since if
lengths of edges were equal, they were matched with each other and net was

entirely folded. Ten participants drew them randomly.

Figure 25. Example related to different length of edges.

In other words, they did not consider equality of length of edges or the
number of squares on surfaces of prisms, but they tried to draw suitably.

However, while one of these ten participants (P7) tried to draw correctly, she tried
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to change the length of edges. However, she did not apply this change into all
overlapped edges (Figure 26).
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Figure 26. P7’s drawing and regulation of nets.

Overall, while evaluating students’ drawings, it was observed that they
mostly had difficulties in deciding the length of the shapes in the nets, despite
having grid paper for drawing. It was revealed that twelve of fifteen participants
had difficulties in drawing nets of prisms and could not draw nets of prisms
correctly. Even though many students focused on the number of surfaces of the
prism during the drawing of nets of prisms, they did not take the equality in length
of edges into account and they overlapped some surfaces. Also, only two students
had difficulties deciding the number of faces. In other words, these students could
not imagine that the faces would overlap when they closed the shape. Only three
of fifteen students could correctly draw the number of faces, the lengths of the
shapes and the shapes' places in the nets of prisms. These are also shown in Table

9.

Table 9

The number of students who drew nets of prisms

Drawing nets of prisms The number of students
Nets with 6-sides (lengths not appropriate) 10

Nets with 7-sides 1

Nets with 8-sides 1

Nets with overlapped surfaces 2

Edges with non-overlapped 10

Correct drawings 3
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When participants defined their box by considering their nets in the second
part, it was observed that some participants only wrote the name of prisms without
an explanation. As a result, one participant gave importance to the surfaces to
obtain square prism, but she could not give importance to equality of lengths and

matching surfaces.

Figure 27. P11°s response to drawing and explanation of matching.

In this case, it is thought this participant might have had confusion about
two dimensional shapes and three dimensional objects. Also, the participant used
the term “surface” which was used in prisms instead of the term “side of square”

which was used in shapes.

While six drew a rectangular prism, both of them had correct matching.
Also, two of them mentioned that they folded nets and obtained rectangular

prisms, but both had square prisms.
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Figure 28. P2’s response to drawing and explanation to matching.

In this case, it can be thought that she could not either count the squares on
paper which defined the length of edges in order to find the type of shape of
surface or consider the shape of bases of prisms which defined the type of prisms.
Also, she could not distinguish specific features of prisms, and she could not
consider the equality of overlapping edges. Hence, there was a mismatch problem

for her.

Besides, four participants stated that prisms were called according to their
bases, which was the expected answer. However, during the matching, three
participants of them chose square prisms in drawing by considering the equality of
length of edges and features of prisms. One of these participants mentioned the

importance of bases in defining the kind of prisms.
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Figure 29. P13’s response to drawing and explanation of matching.

Only one of the participants (P16) decided that their prisms were
rectangular ones since especially P16 said that all surfaces were rectangular

shapes, but she did not draw all surfaces of prism with equal lengths.

Figure 30. P16’s response to drawing and explanation of matching.
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According to these, the number of participants who explained how they
determined the kind of prism in the net of prism that they drew is shown in Table

10.

Table 10

The number of students who matched their drawing and kind of prisms.

Matching The number of students
according to surfaces
according to bases

When it is closed

All surfaces are rectangle
Matching correctly
Unanswered

—_— = N R

As a result, it was seen that she could correctly match nets of prisms with
the kinds of prisms. Totally, only five of the participants could match their
explanations and drawings. This showed that some of the participants could not
draw nets of prism correctly, and they could not call prisms according to their

bases.

4.2.2.3. Closing Nets

In this part, participants tried to decide whether nets construct prisms or
not. In the activity sheet 3, there are five different nets of prisms, and while some
of them construct a prism, some do not construct a prism due to some reasons. In
this case, the participants were expected to define whether these nets possess
prisms or not. Moreover, if they do not construct prisms, participants are
supposed to explain the reason. In the paper, questions did not contain naming
prism, but this was mentioned in the application. However, some participants
might have overlooked this warning, so they could not state the kinds of prisms.
Nets (Adapted from MoNE, 2016, p. 446) are illustrated below, but some nets

cannot construct a prism.
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Figure 31. Net of square prism.

In Figure 31, participants were expected to call it as a square prism since it
folded completely, and then its surfaces were parallel to each other and its bases
are square. Nine participants said that when all surfaces were non-overlapping,
edges overlapped each other, and there was no empty square. One mentioned

below that it was a square prism, and all surfaces were matched.
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Figure 32. Participant’s explanation for a.

Five of them stated that this did not fold since while one participant said
all surfaces were not rectangle and two mentioned lengths of edges were not
equal, two of them did not explain its reason. Hence, nobody used the term

parallel surfaces.

In addition, while eight of them did not call it, three participants called it a
cube and one participant called it a rectangular prism since they thought shapes of
surfaces as square and rectangular shapes, but they did not count squares on a
squared paper. Three of them called square prism correctly since they accepted

that bases were square.
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As a result of these, more than half of the participants could find an answer
to the question whether it was a prism or not. However, fewer than half of them

could not understand how to call prisms.

Figure 33. Net of rectangle prism with different lengths of edges.

In this Figure 33, it was expected that it did not fold completely because
lengths of edges were different in one surface. According to this, one participant
mentioned “This could be folded since all surfaces were matched.” In this case,
participant could not consider equality of lengths and participant only focused on

the surfaces which were parallel to each other.

Twelve of the participants mentioned this was not folded entirely, and so,
this was not a prism. While two did not show reason, ten of these twelve
participants stated lengths of edges were not equal in opposite surfaces. One

explained that it was not folded since there was no equality.
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Figure 34. Participant’s explanation for b.

Moreover, one mentioned this was the net of the cube. Also, three

participants said this was a rectangular prism. Ten of eleven participants who did
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not give any answer did not define what kind of prism it was. Additionally, they
could say that it was not a prism since it was not folded. Thus, while more than
half of the participants mentioned the reason why nets could not be folded
correctly, some participants could focus on the number of surfaces, and some

could not be aware of inequality of squares in terms of the length of edges.

Figure 35. Net for rectangular prism, but pieces were misplaced.

In this Figure 35, expected answer was that it did not fold completely
because two surfaces overlapped each other, and one surface stayed open. Two of
them did not give any reason about why it was not folded, but they only said this
was not folded. Also, three of them mentioned it was completely folded. They
might not have thought that one surface of the prism was not folded and two
surfaces were overlapped. In addition, ten of the participants stated this was not
folded since six participants said that one surface was misplaced. Also, two
participants claimed that there were unequal places. In this case, they might have
mentioned in this claim that there was inequality in the length of edges, or there
were non-overlapped edges or surfaces. Since they did not mark these places, it

was not clear what they stated.
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Figure 36. Participant’s explanation for c.
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Furthermore, nobody called this prism with its specific name, but nine of
fifteen participants could display why it remained open. Thus, when more than
half of the participants mentioned the reason why nets were not folded correctly, it
was explained that there was no unit cube which was not matched, but one surface

was misplaced. Also, some were not aware of overlapping surfaces.

Figure 37. Net for rectangular prism, but pieces were misplaced.

In this Figure 37, the expected answer was that it was not completely
folded because replacement for two surfaces was necessary. Three of them said it
was folded. Ten of them correctly mentioned that this remained open since while

six proposed replacements, three did inequality, and one did not state the reason.
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Figure 38. Participant’s explanation for d.

Besides, while nobody gave its special name, ten of them could mention its
reason that it was not a prism. Hence, while more than half of the participants
mentioned the reason why nets could not be folded correctly, some were not
aware of places of surfaces. In this case, the reason was shown that it was open

since one surface was misplaced.
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Figure 39. Net of rectangular prism.

In this Figure 39, it was expected that it was completely folded because
edges and surfaces fitted each other. Thus, one mentioned it was open without
giving any reason. In addition to them, twelve of fifteen participants said “This
completely folded.” Also, five of these thirteen gave a reason why all surfaces and

edges were equal and complete.

Figure 40. Participant’s explanation for e.

While seven participants did not give any reason, only one called it a
rectangular prism. Moreover, one of the participants called it a cube. While, seven
defined rectangular prism, seven participants did not give its name. Hence, while
almost all of the participants mentioned the reason why nets folded correctly or

incorrectly, they made different but unclear explanations.
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Table 11

The number of participants who showed correct reasons about nets

For Expected answer Showing correct reasons
A Folded 9

B Not folded (inequality in length of edges) 12

C Not folded (overlapped surfaces) 9

D Not folded (overlapped surfaces) 10

E Folded 12

According to results in Table 11, more than half of participants matched
nets of prisms and their folded and unfolded situations. Based on the results, some
participants had difficulties in deciding whether nets were folded or not because
of the same reasons in drawing nets of prisms such as not considering inequality

of length of edges or overlapped surfaces.

All in all, for this part, five of the participants answered all five nets
correctly. Four of them answered four of five nets correctly while three
participants answered three of them correctly. Moreover, one participant for each
gave the right answer for two of five and one of five nets, respectively. Also, one
participant did not give the correct answer for any of them. For all, five of the
participants gave correct reasons. According to the results of the nets, some
participants might have understood that nets constructed a prism when the nets
had six surfaces. On the other hand, other participants thought that having six
surfaces is not enough to construct a prism. In this case, they focused whether
length of edges was equal or not and whether surfaces overlapped each other or

not in order to close nets.

Overall, analysis of prisms in teaching geometry in the current study was
completed. The aim of the table below is to compare difficult and easy topics for

participants in this part.
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Table 12

Showing main topics and reasoning of students

Main Topic Subtopics Correct Incorrect Reasoning of
students
Classificatio Corners, 6 10 Prisms have 8 corners,
nof prisms  edges, surfaces 12 edges, 6 surfaces
Shape of 7 9 All are square, All are
surfaces rectangle
Some are square and
some are rectangle
Shape of bases 3 13
Definition Definition 0 7
of prism
(parallel bases)
Example/ 5 1 Book is a kind of
characteristic prism
There are 8 corners,
12 edges, 6 surfaces
Constructin 4(as 0 They are matched
g nets of team) with nets in given
prisms papers. It was closed
completely
Drawing of 3 10 Edges have the same
prisms lengths.
Some surfaces are
parallel.
Matching of Drawing and 5 8 Top and bottom bases
prisms explanation define the kind of
prism.
Defining 12 3 Edges are overlapped,
whether nets of and surfaces are not
prism close (correct overlapped when nets
matching are closed.
for more
than
half)
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According to the Table 12, participants had more difficulties in classifying
prisms (according to shape of bases), defining prisms and drawing nets of prisms.
For classification, participants focused on the number of corners, edges and
surfaces and kinds of surfaces. While defining prisms, although participants used
the terms they used to classify prisms, they had an idea about the number of
corner, surface of prisms and prism examples of from daily life. While drawing
the nets, participants might not have considered the fact that the length of
overlapped edges was equal, that surfaces were overlapped, and that bases of
prisms were rectangle or square. On the other hand, participants had easier ways
while constructing nets of prisms and matching prisms. While doing this, they
considered the equalities in lengths of the edges, place of surfaces and overlapped

edges and surfaces.

4.3. Evaluating the Results in terms of the Advantages of Teaching
Prisms Supported by ESD

This part is the last part of findings of the data. In this part, the research
question “What do 5th grade students think about learning prisms using
instruction supported with ESD?” will be answered. Also, teaching prisms
supported by ESD is analyzed in terms of advantages in surface coverage,
advantages in daily life, and the benefits according to the participants and the
participants’ opinion about this kind of lecture. In other words, we will find out
how we can use this support in daily life and what it changes in participants’ lives.
For this, results in the activity sheet 4 (see Appendix B) and reactions or answers

of the participants during the interview will be evaluated.

4.3.1. Surface Coverage

In this part, participants were expected to associate the nets of prisms with
surface coverage in terms of recycling and packaging wastes. Hence, participants
were asked to compare the folding and unfolding state of the box in terms of

surface coverage by using nets of them. As a result, participants gained perception
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that the unfolded state of boxes was related not only to the nets of prisms but also

to the advantages of environment. For this, the example below was given.

You tried to carry these boxes on a truck. Which state of boxes
(opened or closed) is more advantageous for environment in
carrying them? What can these advantages be?

The aim of this example was that participants were encouraged for critical
thinking. For instance, if they choose closed state of the boxes to carry them, these
boxes take up a lot of space. In this case, they need more space, more trucks, more
fuel, etc. As a result, it leads to environment pollution. On the other hand, if they
choose opened state of the boxes, they need less space to carry. This also
contributes to protection of environment. In the classroom’s application,
participants discussed which state was more advantageous in terms of surface
covering. While some participants mentioned its aim was to recycle them, some
remarked that these boxes covered fewer surfaces if they were opened.

P1: We could open them in order to send them for recycling.

Otherwise, it was difficult to place them for recycling.

P13: If we cannot open the boxes, we may need more space to
carry them. On the other hand, if we open them, we can carry more
boxes on a truck. For instance, we opened boxes for nets of them
and when they were added up, they covered less space.
Hence, the former participant focused on the reason why those boxes were
sent instead of how they were sent, so he connected this with recycling. Then, the

latter participant gave the expected answer and underlined saving space by

connecting nets of prisms.

The question related to surface coverage was asked again during the
interview. In this case, why we need unfolded boxes was answered by seven
participants, and they were expected to associate nets of prisms with surface

coverage. Answers of six participants are as below.
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P2: When the boxes were unfolded, we analyzed how many pieces
they contained and what kind of prisms could be constructed by
folding nets.

P7: We understood the topics such as edges and recycling easily.
Also, surface coverage and nets of prism might have relationship.

P12: We learnt the topic. We opened the boxes because of
recycling.

P13: We aimed to classify them and analyzed their nets. In
addition, they were used for recycling easily since the more boxes
there were, the less space they covered.

P15: In order to find their weight. We could write the names of
wastes on boxes in order to distinguish them.

P16: Our purpose was to gain knowledge about learning prisms,
and we understood easily by dividing boxes into small pieces
which were surfaces of prisms. It had advantage in terms of saving
space. While boxes were folded, they covered more space.
However, we placed more boxes or nets of prims in truck when we
unfolded them.

None of these participants associated nets of prisms directly with the
surface coverage. However, five participants connected surface coverage and nets
of prisms after their relations with each other were asked. On the other hand, other
interviewed participants highlighted that the purpose of opening boxes was related
either only to prisms or recycling. While they discussed different aims in terms of
surface coverage at start, three of them mentioned its importance on surface

coverage. Hence, it can be understood that some participants could not have any

idea about the relationship between nets of prisms and surface coverage.

4.3.2. Its Effects on Daily Life

In this part, fifteen participants answered questions about supporting
mathematics lectures with ESD in terms of relationship between prisms and
recycling in daily life and relationship of boxes with daily life. According to the

answers in the activity sheet, some participants evaluated supporting mathematics
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lectures with ESD in terms of only nature. In this case, it was seen that one
participant who considered packages as garbage emphasized the amount of
garbage (Figure 46a, Appendix A). Moreover, some participants had positive
attitudes towards supporting mathematics lectures with ESD in terms of protection
of nature (Figure 46b, Appendix A). Besides, three participants emphasized the
importance of supporting mathematics lectures with ESD in terms of oxygen
level. In this case, they could associate this support with science courses (Figure
46¢, Appendix A). Also, one participant matched recycling with unused materials

in daily life:

P4: If I do not use the materials, I use them for recycling.

In addition, while one participant did this with broken or damaged
materials in daily life (Figure 46d, Appendix A), five of fifteen participants
mentioned the relationship between supporting mathematics lectures with ESD
and daily life in terms of recycling (Figure 46e, Appendix A). Thus, it was found
that participants evaluated supporting mathematics lectures with ESD in terms of
only sustainability. While they focused on recycling and wastes, they aimed to
protect the nature. However, they did not associate this support with prisms or

surface coverage. The answers about the relationship are shown in Table 13.

Table 13

Data Analysis Results: Documentation and Observation - What is the relationship

between prisms and recycling in daily life?

Relationship between prisms and recycling Number of participants
in daily life in terms of
Nature/ Protection of nature
Level of oxygen

Unused materials

Broken/ damaged materials
Recycling

DN — = W W
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The second part of the question related to the kind of boxes in daily lives
was answered by fifteen participants. It was expected that participants would
underline the packaging wastes in the answers. However, different answers which
are exemplified below were found out. While one participant mentioned that they
brought brown boxes into classroom, another one expressed this by carrying

patterned boxes (Figure 47a, Appendix A).

In addition, one participant stated used boxes, and one answered all the
boxes. Also, one participant defined boxes as square, rectangle and cube.
Additionally, three participants used the word “packing” in order to answer
question (Figure 47b, Appendix A). Furthermore, nine participants said that they
brought boxes from the supermarket (Figure 47¢c, Appendix A). These are shown
in Table 14.

Table 14

Data Analysis Results: Documentation and Observation - What kind of boxes

were used?

Boxes were Number of participants
Brown

Used

From supermarket
Packaging wastes
Rectangle, square, cube
Shaped

All kinds
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According to Table 14, it was seen that more than half of the participants
focused on the physical features of the boxes instead of packaging wastes. In this
case, while some participants tried to connect boxes and prisms, some could do
this for recycling. Additionally, participants focused on where they brought from

boxes instead packaging wastes.
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In the interview, seven participants were questioned about the changes in

their daily lives after their experience in the course:

P2: I liked having a lesson in this way, but there was no change in
my daily life.

P3: I liked this. Hence, I got more careful, and I tried to separate
wastes for recycling sometimes.

P7: I liked, and so I tried to waste less paper.

P12: I enjoyed it and I tried to behave more carefully. However, I
did not warn people and my environment about recycling.

P13: I liked this course. Then, I separated wastes and I warned
individuals in my environment about recycling.

P15: It was fine.

P16: I felt its positive effects. I separated wastes. Moreover, I
searched about not only recycling, but also recycling of living
features.
As a result, it was observed that this application had effect on lives of
some participants in terms of gaining perception about nature and its
sustainability. However, while some of them perceived it only as an engaging

course, some did not have any change in their lives.

4.3.3. Benefits and Suggestions

For this subtitle, participants were expected to answer what benefits of this
support could be and what suggestions could be made. In this part, it was expected
that participants would gain learning experience about teaching prisms supported
by ESD. Additionally, participants shared their opinions on teaching prisms
supported by ESD.

When documents were analyzed with respect to content, P2 mentioned its
importance for exams. In other words, when P2 took some exams, she faced

questions about such kind of topics (Figure 48a, Appendix A). While one
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considered its benefits in terms of classification of prisms, another participant
considered prisms and recycling together. Moreover, four participants emphasized
the benefits in terms of recycling, and seven participants mentioned their aims in

terms of learning (Figure 48b, Appendix A).

While answering questions, some expressed their aims. For example, they
evaluated supporting mathematics lectures with ESD in terms of the relationship
between daily life and recycling in terms of generalizability (Figure 48c,
Appendix A). In other words, they stated recycling was done by everyone, and it
was valid for every waste. Also, some connected relation between prisms and
furniture in their houses in terms of classification (Figure 48d, Appendix A). To
illustrate, they decided what classification group contained door or television. The
answers about benefits of this kind of support given by participants are displayed
in Table 15.

Table 15

Data Analysis Results: Documentation and Observation - What are benefits of

this kind of support?
It is beneficial for Number of participants
Learning 7
Classifying prisms 1
Recycling 5
Exams 1

According to these, participants had ideas about the benefits of learning
which were evaluated in terms of recycling, prisms, exams or learning of different
topics. In this case, it is observed that they could associate the topic with their

environment.

Additionally, participants suggested ideas in order to develop mathematics

lectures supported by ESD in different topics. While nine participants remarked
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that they did not have any suggestion or addition, one participant gave advice to

people in terms of recycling (Figure 49a, Appendix A).

Also, two participants highlighted its understandability with this way.
Moreover, P16 preferred forming connection with daily life through recycling
fruits and vegetables (Figure 49b, Appendix A). Furthermore, one mentioned if
different applications were supported by this, it would be more fun. Lastly,
another participant suggested similar applications could be done on fractions
(Figure 49c, Appendix A). However, more than half of participants did not give

any ideas about this. These are shown in Table 16.
Table 16

Data Analysis Results: Documentation and Observation — What do you add or

suggest?

Adding & Suggestions in Number of participants
Understanding recycling
Teaching fractions
Understandable lessons
Connecting different topics
Connecting daily life topics
No idea

O N = N = =

As a result of this part, it was observed that participants had fun during the
practice, and they wanted to apply this in learning different mathematics or
geometry topics. Also, according to their answers, while they developed limited
knowledge in recycling, they could have permanent knowledge about prisms.
Additionally, some participants could connect this application with their daily
lives in different aspects. The table below summarizes the approach of

participants in this part.
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Table 17

Reasoning of participants for teaching prisms supported by ESD

Subtopic General ideas of participants

Surface coverage Taking up less space leads to saving the nature.

Daily life The awareness of participants of recycling and
packaging wastes increased.

Lessons The lesson was more attractive and meaningful.

Benefits & This provided permanent knowledge about concepts and

Suggestions this kind of support should be made with different
topics.

In addition to these, participants were expected to answer what their
opinions on supporting mathematics lectures with ESD were. While nine
participants highlighted recycling, four participants underlined the selection of
boxes. One participant emphasized supporting mathematics lectures with ESD in
terms of relationship of recycling with garbage and another one emphasized
recycling by remarking the importance of not consuming trees (Figure 50a,
Appendix A). Others only mentioned recycling. Also, two participants explained
how to start lesson by bringing boxes into the classroom. Moreover, one stated
that some elements of prisms such as edges were marked on the boxes (Figure

50b, Appendix A).

Although the courses started with recycling, it was observed in these
answers that the beginning of the lesson differed from person to person since
participants focused on different parts of the subject. Additionally, three of the
participants mentioned that this did not catch their attention. Moreover, while two
of them emphasized that this application was attractive, one suggested that the
most attractive thing in lessons was rectangle (Figure 50c, Appendix A).
Furthermore, P4 state that all were different, and they were all important for her.
While one highlighted recycling as being attractive, another one mentioned

recycling and prisms were attractive (Figure 50d, Appendix A).
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Besides, P16 mentioned that a ton of trees is cut for only one paper.
However, the correct statement is that seventeen trees are cut for one ton of paper.
In this case, she might have had difficulty in remembering this information
(Figure 50e, Appendix A). The answers about participants’ attention are

represented in Table 18.
Table 18

Data Analysis Results: Documentation and Observation - How was class started

and what attracted your attention?

The reason of attention is/are Number of participants
Recycling 11
Recycling and prisms 1

Classifying boxes/ defining properties
Recycling for protection of trees

1 tone paper = 17 tress

No attention

Attractive lesson

All were different

—_— N W= = N

According to these results, more than half of the participants focused on
either learning prisms or purposes of recycling. Fewer than half of them
highlighted both topics. In other words, there were not any answers about how

they used mathematics in the protection of environment.
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CHAPTER 5

DISCUSSION AND IMPLICATIONS

This study showed results in order to investigate teaching prisms in fifth
grades supported by education for sustainable development. To reach this aim,
participants were observed during eight class hours. They studied on activity
sheets and some were interviewed at the end. Moreover, participants’ answers or
approach were analyzed according to three main topics which were education for
sustainable development, prisms in teaching geometry and its advantages in
teaching. The results of the study displayed what 5th grade students think about
the meaning of ESD in terms of recycling and packaging waste, what the thinking
strategies of 5th grade students for classification and nets of prisms are and what
Sth grade students think about learning prisms using instruction supported with
ESD. Results of the study were explained in previous chapter in detail. This
chapter includes discussion of the findings, potential implications of the study and

suggestions for future research.

5.1. Discussion of the Findings

5.1.1. About Teaching Prisms

In the current study, participants tried to classify prisms, to define prisms
and to understand nets of prisms by folding and unfolding prisms and by drawing
them. During these, they benefitted from concrete materials such as boxes which
were examples for packaging wastes. There were similarities as well as
differences between the current study and the study by Roth and Thom (2009).
These similarities were about changes in informal and formal geometry

knowledge of participants who used concrete materials while classifying prisms.
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Based on the observation notes in the study, although participants had concrete
materials, they firstly tried to show their knowledge which sourced from
memorization of knowledge in previous years. Then, after they started making use
of materials, they tried to achieve meaningful understanding and learning. The
reason of this might be that participants made concrete learning through material
and they found answers to the questions by trial and error method. Although
participants highlighted the similarity of numbers of surfaces, edges and corners
in all kind of prisms, they continued stating these as distinctive property in
classifying. The order of topics in classification might be a reason for this. In
other words, participants’ expression would be different because the classification
started with the surfaces of prisms. If the prisms would be classified with respect
to their numbers of surfaces, edges and corners, all boxes would be in the same
groups. Similar to Koester’s study (2003), participants explored definition of
prisms without memorizing it. Although participants did not use the expression
like “parallel bases”, they made an effort to give numbers of different parts of the
related prisms such as the number of surfaces, corners, edges and examples for
kinds of prisms like a book. The reason of this situation might be that the
implementation had started with the classification of the prisms by exploring the
shape of surfaces and then by counting the number of surfaces, edges and corners
instead of the definition of the prism first. In addition to these, participants tried to
develop their spatial ability skills, conceptual developments in 3D structures,
matching 3D shapes and 2D planes and their visualization abilities like in some
studies (Pittalis et. al., 2010; Sack, 2013; Pittalis & Christou, 2013; Fujita et al.,
2017; Hallowell et. al., 2015). However, when compared to current study, talking
about the development of students’ abilities is not possible. Although some
participants had difficulties in constructing and drawing nets of prisms, these
developments had effect on their understanding nets of prisms in constructing,
drawing and folding nets to construct prisms. The reason of these difficulties
might stem from the fact that participants did not consider the equality in length of
edges and units in edges. In addition to these difficulties, participants did not

consider whether the surfaces would overlap during the drawing. These
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difficulties might be resulted from participants' lack of experiences in drawing
nets (Piaget & Inhelder, 1948) or they might not imagine nets of prisms (Cohen,
2003). Despite difficulties in folding and unfolding the nets of prisms, the fewer
participants tried to overcome this with trial and error and then they tried to
explain reasons of their difficulty. Besides, the number of participants that
constructed relationship between classification of prisms and nets of prisms is the
least. In this case, some participants mentioned that they might place prisms in
different classification groups. Then, they exemplified that a net might be called a
rectangular prism in unfolded state of the box, but this net might be called a
square prism in folded state. The reason of this might be similar to difficulty in
constructing and drawing them. Additionally, participants might have not
considered the parallelism of bases in prisms and they might have perceived that

unfolded state of the box was different from the folded situation.

In previous studies, different applications were observed in teaching prism
such as supported by the drama (Ozsoy, 2003; Giinhan & Ozen, 2010) and the use
of Orff Approach in the teaching of geometrical objects (Aktas & Kaya, 2017). At
the end of these studies, higher motivation, higher interests, higher participation of
students were observed, and the meaningful teaching and learning environment
were constructed. In the current study, similar to previous studies’ results, it was
observed that teaching prisms supported by ESD was beneficial to participants to
support their motivation and interest, to increase their participation and to provide
individuality, independence, interdependence, cooperation and open-mindedness
while expressing themselves in implementation. Additionally, they understood the
importance of solidarity. For instance, when some participants had confusions in
counting the number of surfaces or corners of prisms, others advised them to try
new ways or they showed opportunity to overcome this confusion by helping their
counting. Hence, they had the chance of finding their own mistakes and of dealing

with their difficulties. Also, participants experienced peer learning environment.
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5.1.2. About ESD

In the current study, similar to Kates et. al., mention (2005), it was found
out that protection and development of environment are important in terms of
sustainability of environment. Additionally, more than half of the participants had
new perspectives on ESD and they were sensitive to the environment, to the
recycling and to the packaging wastes and to the overconsumption. These changes
were supported for more sustainable future (de Hann et. al., 2010). At the end of
the current study, it was possible to observe some changes in participants’
awareness of sustainable future, but it might not be possible to say that it was
enough. For instance, some participants alerted some classmates to turning the
lights off in class if it was not necessary or to unplugging the smart boards in
leaving classroom in order to prevent overconsumption of electric. Additionally,
some participants tried to decrease the overconsumption of paper and to increase
the amount of recycled paper. In the current study, it was observed that findings of
studies in different grade levels had similarities in terms of representing formal
and informal learning environment (Alexander, 2010; Gresch, & Bogeholz, 2013;
Nikel, 2007). It was observed that participants benefitted from their daily life
experiences in order to give examples and ask different questions for ESD. Hence,
it could be concluded that participants learned in a meaningful way because they
used their pre-knowledge in order to learn a new topic. For example, during
discussing the process of paper recycling, participants said that waste oil, waste
glass or waste batteries might be recycled. Based on the results of the current
study, participants gave these examples since one had waste glass recycling boxes
in his previous school, some had waste batteries recycling box in their class and
another one watched an advertisement about collecting waste oil project. In
addition to these, participants supported their formal and informal settings in
terms of decision making process, responsibility and equity and equality. To
illustrate, some students who were withdrawn in individual studies tried to take
responsibility in group works and they tried to share their ideas in order to prevent

mismatching during folding nets in group works. Also, while some students had

115



tended to talk simultaneously, they have waited each other for completing their
talking in decision making processes. This might be important in learning the
terms such as equity and equality. Moreover, like McNaughton (2010),
participants had opportunity to express their learning, to consider real world issues
and to improve prudential attainment, and to use nonverbal communication by the
means of learning- centered teaching during the implementation. During the
study, participants exemplified the real world issues by considering negative
effects of drought, deforestation, disasters caused by humans or damages in ozone
layer. Then, they mentioned that recycling might prevent these. In addition to
these, participants had a tendency to apply trial and error method by using their

prior knowledge and to learn by doing for some activities.

According to Barr et al., (2001), recycling and reusing are different terms,
and they have different definitions. However, in the study, participants had
confusion about the terms recycling and reusing. During the study, participants
had the idea that they were similar approaches, and they gave their examples and
definitions based on the same idea. For instance, according to some students,
recycling was either transformation of the oldest thing into the newest one or
reusing of the things after sending them to modernize. The limited number of
participants who mentioned recycling process in activity sheets showed recycling
and reusing might be different terms. Additionally, King et al., (2006) mentioned
if recycling provides more energy than other methods such as repairing,
reconditioning and remanufacturing, it is preferable, and so recycling is better
than wasting. In specifying the necessity of recycling, participants supported
recycling for the protection of nature, continuation of life and protection of trees
since participants constructed relationship between recycling and paper. In
addition to these, some participants highlighted the necessity of recycling in terms
of decreasing the level of toxic gas and solar radiation. This also showed that
participants benefitted from prior knowledge and knowledge from different
disciplines such as science. Furthermore, de Vega et al., (2008) represented the

examples of recyclable wastes such as paper and cardboard, plastics, organic
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wastes like food waste, leaves and grass, tree branches, metals, glass, hazardous
wastes like batteries and construction/demolition in their study. Also, while some
examples such as rocks were grouped as a recyclable waste for which there did
not exist a local market in the city of Mexicali, some types of plastic or organic
wastes were grouped as non-recyclable waste. These examples had similarities
with participants’ answers such as paper, plastic, waste oil, rocks and vegetables
or food in the current study. In giving these examples, participants benefitted from
both their daily life and classroom discussion. Based on the results of discussion
in classroom environment, examples were differentiated from the first participant
to last participant and these examples were showed similarities towards the last
participants. The packaging wastes were defined by the European Parliament and
Council Directive (94/62/EC) as “any packaging or packaging material covered
by the definition of waste”. For the economic sustainability, collaboration of
stakeholders and participation of citizens are necessary for the efficient and
effective recycling process of packaging wastes (Ezebilo & Animasaun, 2011). In
the current study, fewer than the half of participants did not have any meaningful
definition of packaging wastes. However, more than half of them gave the
examples what these were and some words such as slashed, old materials or
garbage were highlighted. In this case, they experienced a difficulty in defining
them. The reason of this difficulty might be resulted from the participants’

difficulty in defining the terms like recycling and reusing.

5.2. Implications of the Study

The results of the study showed that geometry can be associated with the
concrete world by leaving the abstract world in prism teaching. At the same time,
it was ensured that the use of packaging waste, which is a prism sample, for the
purpose of raising awareness of recycling, and the prism teaching was associated
with the solution of environmental problems. Both disciplines have been tried to
be served in line with the requirements of the age. The findings of the study

suggest that teaching prisms in fifth grades is supported by ESD since this offered
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opportunities for participants to connect courses with daily life and forming
discussion environment in order to share their ideas freely. This kind of
supporting might lead to variety of learning activities in teaching and learning.
This variety might be supported in not only learning activities but also gaining
different perspectives and ideas. These activities might enhance students in terms
of understanding some concepts more deeply and applying these into different
situations by generalizing ideas. Moreover, definition of concepts about prisms
and recycling should have more importance during learning in this study. During
this, while informal definitions are highlighted, formal definitions should be a part
of the study. For instance, participants stated these definitions by using their own
words and by comparing alternative definitions, and they made them
understandable with their explanations. Otherwise, some definitions are
meaningless on paper. Moreover, participants might have opportunity for self-
expression during discussions, if they might not do this by writing on paper. Also,
for some cases, they might understand the importance of trial and error method
instead of memorizing formulas or solution ways. Furthermore, participants
should have opportunity to correct their mistakes. By the means of boxes which
were used as prisms and packaging waste, discussions on boxes may also be
useful in terms of classification, definitions or counting numbers of edges, corners
or surfaces or examples of recycled wastes, and also participants’ estimation
ability. These might be the advantage of using concrete material since some
participants might learn by touching upon a material. Besides, since participants
associated these with their daily life, they can find answers for “Why do we learn
these?” or “Where do we use these?” These were clear when participants asked
questions and found answers related daily life. Hence, participants have
opportunity in terms of facilitating their knowledge and applying these, and
participants should have connection among different courses. This kind of support
in teaching might have effect on not only students but also teachers. In this case,
this might enhance teachers’ understanding in definition of concepts as formal and

informal. Also, this might allow teachers to construct variety in learning and
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teaching environment by collaborating with other teachers and by supporting

students’ learning with different aspects.

In the application of the current study, it was observed that students were
active in learning, and they had an engaging learning environment. After the
application, it could be concluded that they had some changes in their
understanding of prisms and recycling. Additionally, participants might have had
the idea that courses were related to each other and these could contribute to each
other. During the study, it was observed that participants benefitted from their
prior knowledge which sourced from science courses in exemplifying importance
and necessity of recycling and participants mentioned that this kind of supports
might be generalized for other courses such as science or English. Also, during
learning, it was easy to observe and to define participants’ misconceptions and
difficulties in their understanding. While students expressed their ideas, some also
understood their mistakes and overcame their difficulties. Hence, this was

beneficial for both students and teachers.

5.3. For Future Research

The study has some recommendations for future research. Findings of this
study are restricted to the specific content area, prisms and recycling. Future
research can contain other content areas in terms of both geometry and education
for sustainable development and tasks of study, and interview questions can be
developed. In the current study, participants advised that this kind of support
might be repeated in learning fractions and basic operations. Additionally, this
study can be carried out by using the dynamics software programs with concrete
materials to provide participants with folding and unfolding nets of prisms.
Besides, this can be conducted in outside of the classroom. As a result,
participants might have opportunity to construct a relationship between nature and
continuity of life with learning mathematics or geometry. Moreover, similar
studies can be conducted with pre-service teachers in order to gain knowledge

about how they perceive this teaching, what understanding /awareness they will
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gain at the end of study, how they define prisms, how they classify prism, how
they fold or unfold nets of prism or how they define recycling. In addition to
these, pre-service teachers might have idea how they teach these topics or how
they continue learning by doing. Besides, participants can be questioned about
how they perceive world as 3D object or a member of the universe, what they
consider about real world issues and how they solve them. In this case, the kind of

support in teaching can be shaped according to understanding of participants.

A limited number of students from a fifth grade class in middle school
participated in this study. Hence, this study can be re-applied on more
participants. Also, these participants might be chosen from different districts since
individuals have different life styles and they have different perception of living.
In addition, this study can be conducted in different contexts with participants
from different grade levels. In other words, these kinds of supporting with
different contexts can be prepared for students at preschool level, at elementary
school level or at secondary school level. While this study displayed opportunity
to observe participants with eight class hours, another implication can be applied
longer than 8 class hours in order to obtain more detailed information about
participants’ understanding and changes in their daily life. Or participants can be
observed during their middle school years by applying this kind of supporting in
teaching different disciplines in order to explain effects of these applications. In
other words, how this support affects participants’ understanding and what it
changes in their lives will be observed. Participants who learn with this kind of
support in teaching can be compared with participants who learn with classic
teaching and learning methods in terms of their ESD perception and effectiveness

of learning.

120



REFERENCES

Agar, M. (1986). Speaking of ethnography (Vol. 2). Sage.

Agut, M. P. M., Ull, M. A., & Minguet, P. A. (2014). Education for sustainable
development in early childhood education in Spain. Evolution, trends and

proposals. European Early Childhood Education Research Journal, 22(2),
213-228.

Aktas, M., & Kaya, S. E. (2017). 8. Sinmiflarda Geometrik Cisimler Ogggtiminde
Orff Yaklagimi Kullaniminin Akademik Basariya Etkisi. YYU Egitim
Fakiiltesi Dergisi 2017, XIV(1), 47-72.

Alexander, R. (2010). Children, their world, their education. Final report and
recommendations of the Cambridge Primary Review.

Alkis, S. (2008). Education for sustainable development in Turkey. Internationale
Schulbuchforschung, 597-608.

Alshuwaikhat, H. M., & Abubakar, I. (2008). An integrated approach to achieving
campus sustainability: assessment of the current campus environmental
management practices. Journal of cleaner production, 16(16), 1777-1785.

Altayli, D., Konyalioglu, A. C., Hizarci, S., & Kaplan, A. (2014). The
investigation of pre-service elementary mathematics teachers’ pedagogical
content knowledge on three-dimensional objects. Middle Eastern &
African Journal of Educational Research, 10, 4-24.

Arbuthnott, K. D. (2009). Education for sustainable development beyond attitude
change. International ~ Journal  of  Sustainability — in  Higher
Education, 10(2), 152-163.

Baki, A. (2006). Kuramdan Uygulamaya Matematik Egitimi. Trabzon: Derya
Kitabevi Yayinlar

121



Balderjahn, 1. (1988). Personality variables and environmental attitudes as

predictors of ecologically responsible consumption patterns. Journal of
Business Research, 17, 51-56.

Barr, S., Gilg, A. W., & Ford, N. J. (2001). Differences between household waste

reduction, reuse and recycling behaviour: a study of reported behaviours,
intentions and  explanatory variables. Environmental &  Waste
Management, 4(2), 69-82.

Barth, M., Godemann, J., Rieckmann, M., & Stoltenberg, U. (2007). Developing
key  competencies for  sustainable

education. International  Journal
Education, 8(4), 416-430.

development  in

higher
of  Sustainability

in  Higher

Battista, M. T. (1990) Spatial visualization and gender differences in high school
geometry. Journal for Research in Mathematics Education, 21(1), 47-60.

Beane, J. (1991). The middle school: The natural home of integrated
curriculum. Educational Leadership, 49(2), 9-13.

Bernard, H. R. (2002). Research methods in anthropology: Qualitative and
quantitative approaches. 3rd Alta Mira Press; Walnut Creek.

Bessant, S. E., Robinson, Z. P., & Ormerod, R. M. (2015). Neoliberalism, new
public management and the sustainable development agenda of higher

education: history, contradictions and synergies. Environmental Education
Research, 21(3), 417-432.

Blewitt, J. (2005). Education for sustainable development, governmentality and
learning to last. Environmental Education Research, 11(2), 173-185.

Bonnett, M. (1999). Education for sustainable development: a coherent
philosophy for environmental education?. Cambridge Journal of
education, 29(3), 313-324.

Bowen, G. A. (2009). Document analysis as a qualitative research
method. Qualitative research journal, 9(2), 27-40.

122



Bozkurt, A., & Kog, Y. (2012). Ilkdgretim matematik dgretmenligi birinci smif
ogrencilerinin prizma kavramina dair bilgilerinin incelenmesi. Kuram ve
Uygulamada Egitim Bilimleri, 12(4), 2941-2952.

Bromley, D. B. (1986). The Case-Study Method in Psychology and Related
Disciplines, John Wiley, Chichester, Great Britain.

Cakmak, Z., Konyalioglu, A. C., & Isik, A. (2014). Ilkogretim matematik
O0gretmen adaylarmin {i¢ boyutlu cisimlere iligkin konu alan bilgilerinin
incelenmesi. Middle Eastern & African Journal of Educational Research
MAJER Issue: 8.

Cevko.org.tr. (2016). Kagit-karton-ambalaj-atiklart. On March 15, 2016.
Retrieved from http://www.cevkococuk.org/index.php?option=com_con
tent&view=article&id=82:kagit-karton-ambalajatiklari&catid=16:egitim-
animasyonlari&Itemid=143.

Cevko.org.tr. (2017). What does packaging waste mean? On May 02, 2017.
Retrieved from http://www.cevko.org.tr/index.php?option=com
content&view=article&id=25&Itemid=138&lang=en.

Checkland, P. (1999). Systems thinking. Rethinking management information
systems, 45-56.

Chen, W. H. (2013). Teaching Geometry through Problem-Based Learning and
Creative Design. In Proceedings of the 2013 International Conference on
Education and Educational Technologies (Vol. 1, pp. 235-238).

Clements, D. H. & Battista, M. T. (1992). Geometry and spatial reasoning. In: D.
A. Grouws (Ed.), Handbook on mathematics teaching and learning (pp.
420-464). New York: Macmillan.

Clements, D. H. (2003). Teaching and learning geometry. A research companion
to principles and standards for school mathematics, 151-178.

Clements, D. H., & Sarama, J. (2011). Early childhood teacher education: The
case of geometry. Journal of mathematics teacher education, 14(2), 133-
148.

123



Cohen, N. (2003). Curved solid nets. In N. Paterman, B. J. Doughery, & J. Zillox
(Eds.), Proceedings of the 27th international conference of psychology in
mathematics education, vol. 2 (pp. 229-236). Honolulu, USA.

Cresswell, J. W., & Plano Clark, V.L. (2011). Designing and conducting mixed
method research. 2nd Sage; Thousand Oaks.

Creswell, J. (2009). Research Design; Qualitative and Quantitative and Mixed
Methods Approaches. London: Sage.

Creswell, J. W. (2013). Research design: Qualitative, quantitative, and mixed
methods approaches. Sage publications.

Creswell, J.W. (2007). Qualitative inquiry and research design: Choosing among
five approaches (2nd ed.). Thousand Oaks, CA: Sage.

Cutter-Mackenzie, A., & Edwards, S. (2013). Toward a model for early childhood
environmental education: Foregrounding, developing, and connecting
knowledge through play-based learning. The Journal of Environmental
Education, 44(3), 195-213.

Dale, A., & Newman, L. (2005). Sustainable development, education and
literacy. International Journal of Sustainability in Higher Education, 6(4),
351-362.

Davis, J. (2009). Revealing the research ‘hole’ of early childhood education for
sustainability: A preliminary survey of the literature. Environmental
Education Research, 15(2), 227-241.

de Haan, G. (2006). The BLK ‘21’programme in Germany: a
‘Gestaltungskompetenz’-based model for Education for Sustainable
Development. Environmental Education Research, 12(1), 19-32.

de Haan, G., Bormann, I., & Leicht, A. (2010). Introduction: The midway point of
the UN Decade of Education for Sustainable Development: Current

research and practice in ESD. International Review of Education, 56(2-3),
199-206.

124



de Vega, C. A., Benitez, S. O., & Barreto, M. E. R. (2008). Solid waste
characterization and recycling potential for a university campus. Waste
management, 28, S21-S26.

Denscombe, M. (2003). The Good Research Guide: For Small-Scale Social
Research Projects. London: Open University Press.

Denzin, N. K. (1971). The logic of naturalistic inquiry. Social Forces, 50(2), 166-
182.

Ebreo, A., Hershey, J., & Vining, J. (1999). Reducing solid waste: Linking
recycling to environmentally responsible consumerism. Environment and
Behavior, 31(1), 107-135.

Elfithri, R., Ghee, T. K., Basri, N. E. A., & Zain, S. M. (2012). Integrated paper
recycling management system in UKM campus. Procedia-Social and
Behavioral Sciences, 60, 556-561.

Elo, S., & Kyngas, H. (2008). The qualitative content analysis process. Journal of
advanced nursing, 62(1), 107-115.

Emanuel, R., & Adams, J. N. (2011). College students' perceptions of campus
sustainability. International Journal of Sustainability in Higher
Education, 12(1), 79-92.a

EPA. (2017). Retrieved from https://www.epa.gov/recycle/recycling-basics

Erkal, S., Safak, S., & Yertutan, C. (2011). The role of family in creating
awareness of sustainable development and
environment. Socioeconomic, 1(110107), 145-158.

Ezebilo, E.E. & Animasaun, E.D. (2011). Households' perceptions of private
sector municipal solid waste management services: A binary choice
analysis. Int. J. Environ. Sci. Tech. 8,677-686.

Fennema, E., & Tartre, L. A. (1985). The use of spatial visualization in
mathematics by girls and boys. Journal for Research in Mathematics
Education, 184-206.

125



Fidan, Y., & Tiirniiklii, E. (2010). {lkdgretim 5. Simif Ogrencilerinin Geometrik

Diistinme Diizeylerinin Bazi Degiskenler Acisindan
Incelenmesil. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 27(27),
185-197.

Flick, U. (Ed.). (2013). The SAGE handbook of qualitative data analysis. Sage

Fogarty, R. (1991). Ten ways to integrate curriculum. Educational
leadership, 49(2), 61-65.

Frankel, J. R., & Wallen, N. E.(2006). How to design and evaluate research in
education.

Franzella, M. (2007). Shapes Shape Our World: An Introduction to
Geometry (Doctoral dissertation, Hofstra University).

French, D. (2004). Teaching and learning geometry. London: Continuum.

Fujita, T., & Jones, K. (2007). Learners’ understanding of the definitions and
hierarchical classification of quadrilaterals: Towards a theoretical
framing. Research in Mathematics Education, 9(1), 3-20.

Fujita, T., Kondo, Y., Kumakura, H., & Kunimune, S. (2017). Students’
geometric thinking with cube representations: Assessment framework and
empirical evidence. The Journal of Mathematical Behavior, 46, 96-111.

Gadotti, M. (2016). Education for sustainability-A critical contribution to the
Decade of Education for Sustainable Development. Retrieved from
http://gadotti.org.br:8080/xmlui/bitstream/handle/123456789/420/AMG _P
UB_01 006.pdf?sequence=2&isAllowed=y

Glavic, P., & Lukman, R. (2007). Review of sustainability terms and their
definitions. Journal of cleaner production, 15(18), 1875-1885.

Gokbulut, Y., & Ubuz, B. (2013). Smif 6gretmeni adaylarinin prizma bilgileri:
Tanim ve 6rnekler olusturma. I/lkégretim Online, 12(2).

126



Gokkurt, B., Sahin, O., Soylu, Y., & Dogan, Y. (2015). Pre-service teachers
pedagogical content knowledge regarding students’ mistakes on the
subject of geometric shapes. Elementary Education Online, 14(1), 55-71.

Gough, S., & Scott, W. (2003). Sustainable development and learning: Framing
the issues. Routledge.

Gresch, H., & Bogeholz, S. (2013). Identifying non-sustainable courses of action:
a prerequisite for decision-making in education for sustainable
development. Research in Science Education, 43(2), 733-754.

Guba, E. G. (1981). Criteria for assessing the trustworthiness of naturalistic
inquiries. Educational Technology Research and Development, 29(2), 75-
91.

Giilay, H. (2011). Agac yas iken egilir: yasamin ilk yillarinda ¢evre egitiminin
onemi. TUBAV Bilim Dergisi, 4(3), 240-245.

Giinhan, B. C. & Ozen, D. (2010). The application of drama method on prisms
subject. Dokuz Eyliil Universitesi Buca Egitim Fakiiltesi Dergisi, 27(1),
111-122.

Giirbiiz, R., & Giilburnu, M. (2013). 8. sinif geometri 6gretiminde kullanilan cabri
3D’nin kavramsal 6grenmeye etkisi. Turkish Journal of Computer and
Mathematics Education, 4(3), 224-241.

Giliven, B., & Kosa, T. (2008). The effect of dynamic geometry software on
student mathematics teachers' spatial visualization skills. Turkish Online
Journal of Educational Technology-TOJET, 7(4), 100-107.

Habibi, M. (2012). The Role of Intuitive and Life-related Activities in Improving
Teaching of Geometry in Primary School. Journal of American Science,
8(6), 359-366.

Hagglund, S., & Samuelsson, 1. P. (2009). Early childhood education and learning
for sustainable development and citizenship. International Journal of
Early Childhood, 41(2), 49.

127



Hallowell, D. A., Okamoto, Y., Romo, L. F., & La Joy, J. R. (2015). First-
graders’ spatial-mathematical reasoning about plane and solid shapes and
their representations. ZDM, 47(3), 363-375.

Han, H. (2007). Middle school students’ quadrilateral learning: a comparision
study. Unpublished Doctoral Thesis. University of Minnesota, The Faculty
of the Graduate School.

Henion, K. (1976). Ecological marketing. Columbus, OH: Grid.

Holsti, O.R. (1969). Content Analysis for the Social Sciences and Humanities.
Reading, MA: Addison-Wesley.

Hopkins, C., & McKeown, R. (2002). Education for sustainable development: an
international perspective. Education and sustainability: Responding to the
global challenge, 13.

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content
analysis. Qualitative health research, 15(9), 1277-1288.

Wolcott, H. F. (1994). Transforming qualitative data: Description, analysis, and
interpretation. Sage.

Incekara, S., & Tuna, F. (2010). Ortadgretim dgrencilerinin ¢evresel konularla
ilgili bilgi diizeylerinin dl¢iilmesi: Cankirt ili 6rnegi.

Johansson, E. & Samuelsson P. I. (2001). "Omsorg — en central aspekt av
forskolepedagogiken. Exemplet maéltiden." Pedagogisk Forskning i
Sverige 6 (2): 81-101.

Jones, K. & Mooney, C. (2003). Making space for geometry in primary
mathematics. In L.Thompson (Ed.), Enhancing Primary Mathematics
Teaching and Learning (pp3-15). London: Open University Press.

Jones, K. (2002), Issues in the Teaching and Learning of Geometry. In: Linda
Haggarty (Ed), Aspects of Teaching Secondary Mathematics: perspectives
on practice. London: Routledge Falmer. Chapter 8, pp 121-139. ISBN: 0-
415-26641-6

128



Karaman, T., & Togrol, A. Y. (2009). Relationship between gender, spatial
visualization, spatial orientation, flexibility of closure abilities and
performance related to plane geometry subject among sixth grade
students. Bogazici Universitesi Egitim Dergisi, 26(1).

Kates, R. W., Parris, T. M., & Leiserowitz, A. A. (2005). What is sustainable
development? Goals, indicators, values, and practice. Environment
(Washington DC), 47(3), 8-21.

Kaufmann, H., Schmalstieg, D., & Wagner, M. (2000). Construct3D: a virtual
reality application for mathematics and geometry education. Education
and information technologies, 5(4), 263-276.

Kaya, M. F., & Tomal, N. (2011). Sosyal Bilgiler Dersi Ogretim Programi’nin
Siirdiiriilebilir Kalkinma Egitimi Ag¢isindan incelenmesi. Egitim Bilimleri
Arastirmalart Dergisi, 1(2), 49-65.

Khandkar, S. H. (2009). Open coding. University of Calgary, 23, 2009.

Kilpatrick, J., Swafford, J., & Findell, B. (2001). The strands of mathematical
proficiency. Adding it up: Helping children learn mathematics, 115-118.

King, A. M., Burgess, S. C., [jomah, W., & McMahon, C. A. (2006). Reducing
waste: repair, recondition, remanufacture or recycle?. Sustainable
Development, 14(4), 257-267.

Kitamura, Y., & Hoshii, N. (2014). Education for sustainable development at
Universities in Japan. In Emerging international dimensions in East Asian
higher education (pp. 207-225). Springer Netherlands.

Kocabas, 1., & Bademcioglu, M. (2016). Sustainability in Education
Buildings. International Online Journal of Educational Sciences, 8(3).

Kocgak, F., & Balci, V. (2010). Dogada yapilan sportif etkinliklerde g¢evresel
stirdiiriilebilirlik.

129



Koester, B. A. (2003). Prisms and pyramids: Constructing three-dimensional
models to build understanding. Teaching Children Mathematics, 9(8), 436-
443.

Kopnina, H. (2012). Education for sustainable development (ESD): the turn away
from ‘environment’ in environmental education?. Environmental
Education Research, 18(5), 699-717.

Krefting, L. (1991). Rigor in qualitative research: The assessment of

trustworthiness. American journal of occupational therapy,45(3), 214-
222.

Krippendorff, K. (1989). Content analysis. In E. Barnouw, G. Gerbner, W.
Schramm, T. L. Worth, & L. Gross (Eds.), International encyclopedia of
communication (Vol. 1, pp. 403-407). New York, NY: Oxford University
Press. Retrieved from http://repository.upenn.edu/asc_papers/226

Krippendorff, K. (2004). Content analysis: An introduction to its methodology.
Sage.

Kripendorff, K. (2004). Reliability in content analysis: Some common
misconceptions. Human Communications Research, 30, 411-433.

Kiiciikaydm, M. A., & Go&kbulut, Y. (2013). Smif Ogretmeni Adaylarmin
Geometrik Cisimlerin Tanimlanmas1 Ve Acilimma Iliskin Kavram
Yanilgilart. Cumhuriyet International Journal of Education, 2(1).

Kysilka, M. L. (1998). Understanding integrated curriculum. Curriculum
journal, 9(2), 197-2009.

Lincoln, Y. S., & Guba, E. G. (1985). Establishing trustworthiness. Naturalistic
inquiry, 289, 331.

Locke, L. F., Spirduso, W. W., & Silverman, S. J. (2014). Proposals that work: A
guide for planning dissertations and grant proposals (6th ed.). Thousand
Oaks, CA: Sage

130



Marchis, 1. (2012). Preservice Primary School Teachers' Elementary Geometry
Knowledge. Acta Didactica Napocensia, 5(2), 33.

Mariotti, M. A., & Fischbein, E. (1997). Defining in classroom activities.
Educational Studies in Mathematics, 34(3), 219-248.

Mayring, P. (2014). Qualitative content analysis: theoretical foundation, basic
procedures  and  software  solution.  Klagenfurt.  https://nbn-
resolving.org/urn:nbn:de:0168-ssoar-395173

McCarty, J. A., & Shrum, L. J. (1994). The recycling of solid wastes: Personal
values, value orientations, and attitudes about recycling as antecedents of
recycling behavior. Journal of Business Research, 30(1), 53-62.

McKeown, R., Hopkins, C. A., Rizi, R., & Chrystalbridge, M. (2002). Education
for sustainable development toolkit. Knoxville: Energy, Environment and
Resources Center, University of Tennessee.

McNaughton, M. J. (2010). Educational drama in education for sustainable
development: Ecopedagogy in action. Pedagogy, Culture & Society, 18(3),
289-308.

Merriam, S. B. (1998). Qualitative Research and Case Study Applications in
Education. Revised and Expanded from" Case Study Research in
Education.". Jossey-Bass Publishers, 350 Sansome St, San Francisco, CA
94104.

Milutinovic, S., & Nikolic, V. (2014). Rethinking higher education for sustainable
development in Serbia: an assessment of Copernicus charter principles in

current higher education practices. Journal of cleaner production, 62,
107-113.

Ministry of National Education [MoNE], (2013). Ilkokul ve ortaokul fen bilimleri
dersi (3, 4, 5, 6, 7 ve 8. siniflar) 6gretim programi. Ankara: MEB Devlet
Kitaplari. Retrieved from http://ttkb.meb.gov.tr/www/ogretim-
programlari/icerik/72

131



Ministry of National Education [MoNE], (2013). Ortaokul matematik dersi (5, 6,
7 ve 8. smiflar) 6gretim programi. Ankara: MEB Devlet Kitaplar
Retrieved from http://ttkb.meb.gov.tr/www/ogretim-programlari/icerik/72

Ministry of National Education [MoNE], (2015). Ortaokul cevre egitimi dersi
Ogretim programi. Ankara: MEB Devlet Kitaplari. Retrieved from
http://ttkb.meb.gov.tr/www/ogretim-programlari/icerik/72

Ministry of National Education [MoNE], (2016). Ortaokul ve Imam Haitp
Ortaokulu Matematik 5. Sinif Ders Kitabi. Ankara: MEB Devlet Kitaplari.

Ministry of National Education [MoNE], (2018). Ortaokul Matematik 5. Simf
Ders Kitabi. Ankara: MEB Devlet Kitaplari.

Ministry of National Education [MoNE], (2016). TIMSS 2015 Ulusal Matematik
ve Fen On Raporu, 2016. Ankara, TURKIYE.

Moss, J., Hawes, Z., Naqvi, S., & Caswell, B. (2015). Adapting Japanese Lesson
Study to enhance the teaching and learning of geometry and spatial
reasoning in early years classrooms: a case study. ZDM, 47(3), 377-390.

Mullis, I. V. S., Martin, M. O., Beaton, A. E., Gonzalez, E. J., Kelly, D. L., &
Smith, T. A. (1997). Mathematics achievement in the primary school
years: IEA’s third international mathematics and science study (TIMSS).
Chestnut Hill, MA: Center for the Study of Testing, Evaluation, and
Educational Policy, Boston College.

Mullis, I. V. S., Martin, M. O., Gonzalez, E. J., Gregory, K. D., Garden, R. A.,
O’Connor, K. M., et al. (2000). TIMSS 1999 International Mathematics
Report:  Findings from IEA’s repeat of the Third International
Mathematics and Science Study at the Eighth Grade. Chestnut Hill, MA:
Boston College.

Mullis, LV.S., Martin, M.O., & Foy, P. (with Olson, J.F., Preuschoff, C.,
Erberber, E., Arora, A., & Galia, J.). (2008). TIMSS 2007 International
Mathematics Report: Finding from IEA’s trends in international

mathematics and science study at the fourth and eighth grades. Chestnut
Hill, MA: TIMSS & PIRLS International Study Center, Boston College.

132



National Council of Teachers of Mathematics. (NCTM). Principles and Standards
for School Mathematics. Reston, Va.:NCTM, 1989.

National Council of Teachers of Mathematics. (NCTM). Principles and Standards
for School Mathematics. Reston, Va.:NCTM, 2000.

National Research Council, Policy Division, Board on Sustainable Development,

Our Common Journey: A Transition toward Sustainability (Washington,
DC: National Academy Press, 1999), 22.

Nikel, J. (2007). Making sense of education ‘responsibly’: findings from a study
of student teachers' understanding (s) of education, sustainable

development and Education for Sustainable Development. Environmental
Education Research, 13(5), 545-564.

Oguz, D., Cakel, I, & Kavas, S. (2011). Yiiksek 6gretimde dgrencilerin ¢evre
bilinci. SDU Orman Fakiiltesi Dergisi, 12(34-39).

Ojose, B. (2011). Mathematics literacy: Are we able to put the mathematics we
learn into everyday use. Journal of Mathematics Education, 4(1), 89-100.

Omran, A., Mahmood, A., Abdul Aziz, H., & Robinson, G. M. (2009).
Investigating households attitude toward recycling of solid waste in

Malaysia: a case study. International journal

of environmental
research, 3(2), 275-288.

Organisation for Economic Co-operation and Development. (2013). PIS4 2012
assessment and analytical framework: Mathematics, reading, science,
problem solving and financial literacy. OECD Publishing.

Ozgakir, B. (2013). The effects of mathematics instruction supported by dynamic

geometry activities on seventh grade students’ achievement in area of
quadrilaterals. Unpublished graduate thesis, Middle East Technical
University, the Graduate School of Social Sciences, Ankara.

Ozdemir, O. (2010). Yeni bir ¢evre egitimi perspektifi: Siirdiiriilebilir gelisme
amacl egitim. Egitim ve Bilim, 32(145), 23-38.

133



Ozsoy, N. (2003). Ilkogretim matematik derslerinde yaratici drama yonteminin
kullanilmasi. BAU Fen Bilimleri Enstitiisii Dergisi, 5(2), 112-119.

Patton, M. Q. (1990). Qualitative evaluation and research methods. SAGE
Publications, inc.

Patton, M. Q. (2002). Qualitative research and evaluation methods. 3rd Sage
Publications; Thousand Oaks.

Pearson, E., & Degotardi, S. (2009). Education for sustainable development in
early  childhood education: A  global solution to local
concerns?. International Journal of Early Childhood, 41(2), 97-111.

Piaget, J. & Inhelder, B. (1948). The Child's Conception of Space. New York: W.
W. Norton & Company.

Pittalis, M., & Christou, C. (2010). Types of reasoning in 3D geometry thinking
and their relation with spatial ability. Educational Studies in
Mathematics, 75(2), 191-212.

Pittalis, M., & Christou, C. (2013). Coding and decoding representations of 3D
shapes. The Journal of Mathematical Behavior, 32(3), 673-6809.

Pittalis, M., Mousoulides, N., & Christou, C. (2010). Students’ 3D Geometry
Thinking Profiles. Proceedings of CERMEG, 816-825.

Risma, D. A. (2013). Spatial Visualization and Spatial Orientation Tasks To
Support the Development of Students' Spatial Ability. Universitas
Sriwijaya.

Roth, W. M., & Thom, J. S. (2009). The emergence of 3d geometry from
children's (teacher-guided) classification tasks. The journal of the learning
sciences, 18(1), 45-99.

Sack, J. J. (2013). Development of a top-view numeric coding teaching-learning
trajectory within an elementary grades 3-D visualization design research
project. The Journal of Mathematical Behavior, 32(2), 183-196.

134



Saldana, J. (2015). The coding manual for qualitative researchers. Sage

Sandoval, 1., Moctezuma, M., & Lupianez, J. L. (2016). Mathematics Knowledge
for Teaching the Volume of Prisms in Elementary School. International
Group for the Psychology of Mathematics Education.

Sarikaya, M., & Kara, F. Z. (2007). Sirdiirtilebilir Kalkinmada sletmenin Roli:
Kurumsal Vatandaslik. Yonetim ve Ekonomi: Celal Bayar Universitesi
Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 14(2), 221-233.

Sarwadi, H. R. H., & Shahrill, M. (2014). Understanding students’ mathematical
errors and misconceptions: The case of year 11 repeating
students. Mathematics Education Trends and Research, 2014, 1-10.

Sauve, L. (1996). Environmental education and sustainable development: A
further appraisal. Canadian Journal of Environmental Education, 1, 7-34.

Schwepker, C. H., & Cornwell, T. B. (1991). An examination of ecologically
concerned consumers and their intention to purchase ecologically
packaged products. Journal of Public Policy and Marketing, 10, 77-101.

Shavelson, R. J., and Towne, L. (2002). (eds.), Scientific Research in Education,
National Academy Press, Washington, DC.

Shenton, A. K. (2004). Strategies for ensuring trustworthiness in qualitative
research projects. Education for information, 22(2), 63-75.

Simsek, E., & Yiicekaya, G. K. (2014). Dinamik geometri yazilimi ile 6gretimin
ilkdgretim 6. simf 6grencilerinin uzamsal yeteneklerine etkisi. A4hi Evran
Universitesi Kirsehir Egitim Fakiiltesi Dergisi, 15(1).

Simsek, M. (2012). Geometrik Cisimler Konusunun Origami Destekli Etkinlikler
ile Ogretiminin Basariya Etkisi. On Dokuz Mayis Universitesi, Turkey.

Siraj-Blatchford, J. (2009). Education for sustainable development in early
childhood. International Journal of Early Childhood, 41(2), 9.

135



Smyth, D. P., Fredeen, A. L., & Booth, A. L. (2010). Reducing solid waste in
higher education: The first step towards ‘greening’ a university
campus. Resources, Conservation and Recycling, 54(11), 1007-1016.

Sorby, S. A. (2007). Developing 3D spatial skills for engineering
students. Australasian Journal of Engineering Education, 13(1), 1-11.

Spradley, J.P. (1979). The ethnographic interview. Holt, Rinehart & Winston;
New York.

Steen, L. A. (1990). Pattern. On the shoulders of giants: New approaches to
numeracy, 1-10.

Stemler, S. (2001). An Introduction to Content Analysis. ERIC Digest.

Stemler, S. (2001). An overview of content analysis. Practical assessment,
research & evaluation, 7(17), 137-146.

Sund, P. (2015). Experienced ESD-schoolteachers’ teaching—an issue of
complexity. Environmental Education Research, 21(1), 24-44.

Svanstrom, M., Lozano-Garcia, F. J., & Rowe, D. (2008). Learning outcomes for
sustainable development in higher education. International Journal of

Sustainability in Higher Education, 9(3), 339-351.

Tall, D., & Razali, M. R. (1993). Diagnosing students’ difficulties in learning
mathematics. International Journal of Mathematical Education in Science
and Technology, 24(2), 209-222.

Tanriverdi, B. (2010). Siirdiiriilebilir c¢evre egitimi acgisindan ilkégretim
programlarinin degerlendirilmesi. Egitim ve Bilim, 34(151).

Tas¢1, B. G. (2015). “Sustainability” Education by Sustainable School
Design. Procedia-Social and Behavioral Sciences, 186, 868-873.

Tekin-Sitrava, R., & Isiksal-Bostan, M. (2016). The nature of middle school
mathematics teachers’ subject matter knowledge: the case of volume of
prisms. International Journal of Educational Sciences, 12(1), 29-37.

136



Teks6z, G. (2014). Gegmisten ders almak: Sirdirilebilir kalkinma i¢in
egitim. Bogazi¢i Universitesi Egitim Dergisi, 31(2).

Teksoz, G., Sahin, E., & Ertepinar, H. (2010). Cevre okur}{azarhgl, Ogretmen
adaylar1 ve siirdiiriilebilir bir gelecek. Hacettepe Universitesi Egitim
Fakiiltesi Dergisi, 39(39).

Thurstone, L. L. (1950). Some primary abilities in visual thinking. Psychometric
Laboratory Research Report No. 59. University of Chicago Press,
Chicago.

Tilbury, D. (1995). Environmental education for sustainability: Defining the new
focus of environmental education in the 1990s. Environmental education
research, 1(2), 195-212.

Twas, H. H. (2012). Sirdirilebilir Kalkinma ve Cevre: Teorik Bir
Inceleme. Kahramanmaras Siitcii Imam Universitesi Iktisadi ve Idari
Bilimler Fakiiltesi Dergisi, 2(2), 57-73.

Titus, S., & Horsman, E. (2009). Characterizing and improving spatial
visualization skills. Journal of Geoscience Education, 57(4), 242-254.

Toran, M. (2016). Siirdiiriilebilir anaokullari: Okul oncesi egitim kurumlarinin
degerlendirilmesi. Abant Izzet Baysal Universitesi Egitim Fakiiltesi
Dergisi, 16(3).

Toran, M. (2017). Erken ¢ocukluk egitimi i¢in siirdiiriilebilir kalkinma: Tiirkiye
kokenli yayinlara yonelik bir degerlendirme. Erken Cocukluk Calismalari
Dergisi, 1(1), 33-44.

Ubuz, B., Ustun, 1., & Erbas, A. K. (2009). Effect of dynamic geometry
environment on immediate and retention level achievements of seventh

grade students. Eurasian Journal of Educational Research, 9(35), 147-
164.

Ugur, B., Urhan, S., & Kocadere, S. A. (2016). Teaching Geometric Objects with
Dynamic Geometry Software. Necatibey Faculty of Education Electronic
Journal of Science and Mathematics Education, 10 (2),339-366.

137



Unal, F. (2011). ilkdgretimde siirdiiriilebilir cevre egitiminde suyun yeri. Bilim ve
Aklin Aydinhiginda Egitim, 132, 68-73.

UNESCO. (1977) Final Report: Tbilisi. UNESCO, 14-26 Oct 1977. DOC:
UNESCO/UNEP/MP/U9. Paris, UNESCO.

United Nations (2009). The UNECE Strategy for Education for Sustainable
Development 2009. New York and Geneva: United Nations.

United Nations Conference on Environment and Development. (1992). Agenda
21, the United Nations Programme of Action from Rio. New York: UN
Department of Public Information.

United Nations Department of Public Information (1997). Earth Summit: Agenda
21 The United Nations Programme of Action From Rio. Chapter 36, pp.
264-269. DPI/1344/Rev.1-97-01888-February 1997-5m.

United Nations Educational, Scientific and Cultural Organization (UNESCO).
(2002). “Education for Sustainable Development Information Brief.”
United Nations Educational, Scientific and Cultural Organisation.
Retrieved from http://www.unesco.org/education/tlsf/extras/img/DESD
briefWhatisESD.pdf.

United Nations Educational, Scientific and Cultural Organization (UNESCO).
(2005). UN Decade of Education for Sustainable Development 2005 —
2014: The DESD at a glance. Paris: UNESCO

United Nations Educational, Scientific and Cultural Organization (UNESCO).
(2014). Roadmap for implementing the global action programme on
education for sustainable development. Paris: UNESCO.

Usiskin, Z. (1987). Resolving the continuing dilemmas in school geometry. In M.
Lindquist & A. Shulte (Eds.), Learning and teaching geometry, k-12: 1987
yearbook. Reston, VA: National Council of Teachers of Mathematics.

Van de Walle, J. A. (2001). Geometric Thinking and Geometric Concepts. In
Elementary and Middle School Mathematics: Teaching Developmentally,
4th ed. Boston: Allyn and Bacon.

138



Van de Walle, J. A., Karp, K. S., Bay-Williams, J. M., Wray, J. A., & Brown, E.
T. (2013). Elementary and middle school mathematics: Teaching
developmentally, 8th ed.

Vare, P. and Scott, W. (2007) Learning for a Change: Exploring the Relationship
Between Education and Sustainable Development. Journal of Education
for Sustainable Development, 1 (2). pp. 191-198.

Wals, A. E. (2012). Shaping the education of tomorrow: 2012 full-length report
on the UN decade of education for sustainable development. Unesco.

WCED, U. (1987). Our common future. World Commission on Environment and
Development Oxford University Press.

Weber, R. P. (1990). Basic content analysis (Vol. 49). Sage.

Wu, H. (2012). Teaching geometry according to the common core
standards. Retrieved  from. https://scholar.google.com.tr/scholar?q=
Teaching+Geometry+According+to+the+Common+Core+Standards&btn
G=&hl=tr&as_sdt=0%2C5

Yilmaz, O., Boone, W. J., & Andersen, H. O. (2004). Views of elementary and
middle school Turkish students toward environmental issues. International
Journal of Science Education, 26(12), 1527-1546.

Yilmaz, S., Kesan, C., & Nizamoglu, S. (2000). {lkdgretimde ve ortadgretimde
geometri Ogretimi-6greniminde Ogretmenler-6grencilerin  karsilastiklar:
sorunlar ve ¢6zlim Onerileri. IV. Fen Bilimleri Kongresi Bildirileri, 6-8.

Yilmazer, Z. ve Keklik¢i, H. (2014). Gelistirilen kukla materyali kullanilarak
yapilan geometri Ogretimine yonelik Ogrenci goriisleri. Journal of
Research in Education and Teaching. 3 (1),271-277.

Yin, R. K. (1994). Case study research: Design and methods, London.

Yin, R. K. (2004). The case study anthology. Sage.

Yin, R. K. (2013). Case study research: Design and methods. Sage publications.
139



Yolcu, B., & Kurtulus, A. (2010). A study on developing sixth-grade students'
spatial visualization ability. /lkogretim Online, 9(1), 256-274.

Zenelaj, E. (2013). Education for sustainable development. European Journal of
Sustainable Development, 2(4), 227.

Zhang, T. (2010). From environment to sustainable development: China’s
strategies for ESD in basic education. International Review of Education, 56(2-3),

329-341

140



APPENDICES

A. FIGURES ABOUT PARTICIPANTS’ RESPONSES
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Figure 41. The participants’ response to definition of recycling.
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Figure 42. The participants’ response to necessity of recycling.
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Figure 43. The participants’ response to definition of packaging wastes.
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Figure 44. The participants’ response to classification of prisms for Q3 in activity

sheet 4.
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Figure 45. The participants’ response to importance of classification of prisms for

Q5 in activity sheet 4.
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Figure 46. The participants’ response to relationship between current topic and

daily life.
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4. Gunltk hayatta kullandigimiz hangi kutulan getirdik?
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Figure 47. The participants’ response to which boxes were brought.
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6. Ganlik hayatta bu derste yapuklanmizin bize nasil faydas: olabilir?
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(c)

6. Gunlik hayatta bu derste yapuklanmizin bize nasil faydasi olabilir?
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Figure 48. The participants’ response to advantages of lecture in daily life.
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7. Eklemek istedikleriniz ya da Snerileriniz var an? Yaziniz.
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7. Eklemek istedikleriniz ya da Snerileriniz var mi? Yazimz.
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7. Eklemek istedikleriniz va da Oncnlenmz var mi? Yazimz.
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Figure 49. The participants’ response to adding and suggestions.
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1. Derse nasil girig yapuk? Dikkatinizi en cok ne gekti?
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(2)

L :ID')crse nasil 1';iri; yaptik? Dikkatinizi en ¢ok ne gekti?
erse Wb basta K 414, kbiniz, Kose
Ful.nu Ve 40»"4‘ Olaak c\.smozl!,

(b)

I. Derse ““‘f" girig yapuk? Dikkatinizi en gok ne ¢ekii?
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(c)
1. Derse nasil giris yapuk? Dikkatinizi en ok ne geki?
Gr.‘ J3aiFomin  Ne AdGunu Prizemeler. IkkedTm?
ColhT. )

(d)

Figure 50. The participants’ response to how class was started and what

attracted their attention.
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B. ACTIVITY SHEETS USED IN CLASSROOM

Calisma Kagidi 1.1

1.

Heeyyy sen. Ozel bir gérev icin se¢ildin. Bilmen gereken 1 ton kagit igin
17 agac kesildigi. Elindeki kutunun agirligi ortalama 200 gram/m’ ve
gorevin bu 17 agaci kesilmekten kurtarmak. Bunun i¢in kag tane kutu
biriktirmelisin?

Sizce geri donlisiim nedir?

Geri doniistime neden ihtiya¢ duyulur?

Ambalaj at1g1 ne demektir? Ornek veriniz.

Hangi iirlinler geri doniistiirtilebilir?
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Calisma Kagidi 1.2

6.
7.
8.

Kutular1 hangi 6zelliklerine gore siniflandirdiniz? Kag¢ grup olustu?
Bu smiflarin 6zel isimleri olsa, sizce ne olurdu? Nasil belirlediniz?
Asagidaki cisimler belirlediginiz gruplarin hangileriyle benzerlik

gostermektedir? Kose, ayrit ve yiizeylerini gosteriniz, sayilarini yaziniz.
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Calisma Kagidi 2.1
Grup 1
Elinizdeki kutuyu parcalara ayiriniz ve asagida verilen acinimlart bu parcalar

araciligiyla kendi kutunuzla olusturunuz.
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Calisma Kagidi 2.1
Grup 2
Elinizdeki kutuyu parcalara ayiriniz ve asagida verilen acinimlart bu parcalar

araciligiyla kendi kutunuzla olusturunuz.

[ —F -
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Calisma Kagidi 2.1
Grup 3
Elinizdeki kutuyu parcalara ayiriniz ve asagida verilen acinimlart bu parcalar

araciligiyla kendi kutunuzla olusturunuz.

H-H
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Calisma Kagidi 2.1
Grup 4
Elinizdeki kutuyu parcalara ayiriniz ve asagida verilen aginimlart bu parcalar

araciligiyla kendi kutunuzla olusturunuz.

{EiE s
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Calisma Kagidi 2.2
1. Elinizdeki diger kutuyu agmiz ve bu a¢mimi asagidaki kareli kagida

¢iziniz.

2. Cizmis oldugunuz aginim, kutular araciligiyla a¢inimi

olusturduklariizdan hangisine benzemektedir? Neden?
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Calisma Kagidi 3
1. Asagida verilen agiimlarin prizma olusturup olusturmadiklarini nedenleriyle

aciklayiniz.
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Calisma Kagidi 4

1. Derse nasil giris yaptik? Dikkatinizi en ¢ok ne ¢ekti?

2. @Giinliik hayatla konumuzun nasil bir baglantis1 vardi?

3. Kutulari nasil ayirdik?

4. Giinliik hayatta kullandigimiz hangi kutular1 getirdik?

5. Bu kutular1 ayirirken neye dikkat ettik? Neden kutular1 ayirmak énemli?

6. Giinliik hayatta bu derste yaptiklarimizin bize nasil faydasi olabilir?

7. Eklemek istedikleriniz ya da nerileriniz var m1? Yaziniz.
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C. INTERVIEW QUESTIONS

GORUSME SORULARI (Participant 3-P3/ Interviewer- 1)

1.

I: Prizmay1 nasil tanimlarsiniz?

P3: Once gruplara ayirdik. Yiizeyleri dikdortgen olanlar, tamami kare
olanlar, dikdortgen ve kare olanlar.

I: Kose, ayrit, yiizey sayis1? (kitap lizerinden saydi)

P3: 8 kose, 12 ayrit-kenar, 6 ylizey

I: Ayrit miydi, kenar m1?

P3: Ikisini de kullaniyorduk ama ¢ogunlukla ayrit

I: Prizmalari nasil simiflandirirsiniz?

I: isimlerini verirken tiim yiizeylerine mi, bazi yiizeylerine gére miydi?
P3: Alt ve iist yiizeyine gore

I: Ozel ad1 var miydi bu yiizeylerin? (taban cevabi gelmedi)

P3: Kareyse kare prizma, dikdortgense dikdortgenler prizmasi, hepsi
kareyse kiip.

I: Sizce geri doniistim nedir? Neden ihtiya¢ duyulur?

P3: Insanlar dogayi kirletip, zarar veriyor. Olmasa bu daha ¢ok olur

I: Biz neyin doniisiimii yaptik?

P3: Kutularin, kagidin

I: Ozel ad1 var mryd1?

P3: Kutu

I: Geneline ne diyorduk?

P3: ... ambalaj

Kullandigimiz kutular1 neden agmaya ihtiya¢ duyduk?

(bu soru atlanmais)

I: Prizma a¢inimlarinin farkli olmasi siniflandirma yaparken etkiye neden
oldu mu? Neden?

(soru anlagilmadig i¢in tekrar asagidaki haliyle soruldu)

I: Aginima bakarak siniflandirabilir miydik?
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P3: Hayir yapamazdik

I: Neden?

P3: Bizim Kkiiptii, cizerek kare hale getirdik. Diger tiirlii dikdortgen
diyebilirdik.

I: Kutuya m1 bakmamiz m1 gerekti, aginimina mi1 bu durumda?

P3: Ikisine de odaklanmaliy1z bence.

. . Kagit disinda farkli dirtinleri geri doniisiim amacli kullanabilir miyiz?

Neden?

P3: Pil, cam, yag, plastik

Geri donlisiime uygun oldugu igin.

I: Her sey olur mu sadece belli {irtinler mi?
P3: Belli tiriinler

I: Hangileri?

P3: Kumas, boya, tahta

. I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi

nedir?

P3: Hosuma gitti.

I: Baska konularda yapilabilir mi?

P3: Toplama iglemleri ya da kesirlerde

I: Yine kutularla m1?

P3: Olabilir ya da baska atik {iriinler. Siseleri boyariz pargalara ayirdiktan
sonra.

I: Bir seyler degisti mi giinliik yasantinda?

P3: Daha duyarliyim.

I: Ne degisti, neler yapiyorsun, her zaman yapabiliyor musun?

P3: Bazen yapiyorum.

I: Ornek?

P3: Geri doniisim icin kutular yeterli olmadigi i¢in kagit/ kartonu
goriilecek yerlere koyuyorum. Pilleri sinifa getirip atik kutusuna atiyorum.

Siseleri okula getiriyorum. (Plastik siseler olabilir buradaki).
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8. I Kiiplin aciniminda kesilen kutu parcalarinin {istliine ¢izim yaptiniz,
neden?
I: Elinizdeki kutu dikdortgenler prizmasi miydi kiip miiydii?
P3: ikisine de benziyordu.
I: Neden boldiintiz?
P3: Pargalar farkli uzunluktaydi, lizerine ¢izmesek dikdortgen olacakti.
GORUSME SORULARI (P7)
1. I: Prizmayi nasil tanimlarsiniz?
P7: 6 yiizii, 8 kenar1
I: Kenar m1?
P7: 4 kose
I: Kitaptan sayabilirsin.
P7: 6 yiizey, 8 kosesi, 12 ayrit1 olan cisim
2. [I: Prizmalar1 nasil siniflandirirsiniz?
P7: Tek kareler, dikdortgenler, kare dikdortgenler
I: Ozel isimleri var m1yd1?
P7: Kare prizma, kiip, dikdortgenler prizma
I: isimlendirirken neye dikkat ettik?
P7: Yiizeylerine
I: Hepsine mi, 6zel bir yer var miydi?
P7: (tabanlar1 gosterdi)
3. I: Sizce geri doniisiim nedir? Neden ihtiya¢ duyulur?
P7: Bir seyi tekrar kullanmak, bir¢ok agag kesiliyor.
4. I: Kullandigimiz kutular1 neden agmaya ihtiya¢ duyduk?
P7: Ayritlarin1 gérmek i¢in
I: Geri doniigiimle ilgili mi?
P7: Evet.
I: Mesela?
P7: Konuyu isledikten sonra herkes geri doniisiime gonderdi.
I: Yer agisindan ilgisi var mi1?

P7: Olabilir.
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. L: Prizma agmimlarinin farkli olmasi siniflandirma yaparken etkiye neden
oldu mu? Neden?

P7: Hangi kenarlarin farkli oldugunu aginca da ayni sekilde gordiik

. I: Kagit disinda farkli iiriinleri geri donilisim amagli kullanabilir miyiz?
Neden?

P7: Yemekler. Tekrar tekrar kullanmak icin

. I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi
nedir?

P7: Hosuma gitti, daha az kagit harciyorum

. I: Kiipiin aciniminda kesilen kutu parcalarinin iistiine ¢izim yaptiniz,
neden?

P7: Hepsini bozup bozup yapmak yerine hepimiz ayr1 ayr1 olusturduk.

I: Cizimdeki kareleri saydiniz m1? Kiip olduguna nasil karar verdiniz?

P7: Kalemle olgtiik.

I. Peki kutunuz dikdortgenler prizmasiydi, elinizdeki ag¢immimda
dikdortgenler prizmasina ait olsaydi yine ¢izecek miydiniz?

P7: Evet.

GORUSME SORULARI (P2)

. I: Prizmay1 nasil tanimlarsiniz?

P2: Bilmem.

I: Kutular desem? Kosesi, kenari, ayriti, yiizeyi var miydi? Nerelere
diyorduk?

P2: 6 ylizey, 12 aynt, 8 kosesi vardi. (kitap iizerinde dogru gostererek)

. I: Prizmalar1 nasil siniflandirirsiniz?

P2: Kose, ayrit ve kenarlarina gore

I: Yiizey etkisi var mrydi1?

P2: Vardi dikdortgen ve kare olarak dikkate aldik
I: 2. Siniflandirmay1 neye gore yaptik?

P2: Bazi arkadaglarimiz yanlis yere koymustu.

I: Nasil karar verdik?

P2: Tahmin ettik, karisla da 6l¢tiik
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I: Sizce geri doniistim nedir? Neden ihtiya¢ duyulur?

P2: Kitaplar1 geri doniisiime vermistik gecen seneler, baskalar1 kullansin
diye. Agac kesilmesin.

I: Kullandigimiz kutular1 neden agmaya ihtiya¢ duyduk?

P2: Kag pargasi var diye. Bir de kapatinca hangi sekil ¢ikiyor diye

I: Prizma a¢inimlarinin farkli olmasi siniflandirma yaparken etkiye neden
oldu mu? Neden?

P2: Farkli gruplama olurdu, acinim sekline gore yapardim

I: Kagit disinda farkl iirlinleri geri donilisim amagh kullanabilir miyiz?
Neden?

P2: Ambalaj atiklar, piller, camlar, tahtalar. Agaclar i¢in

I: Camin agagla ilgisi var m1?

P2: O zaman cami fazla kullanmamak i¢in

I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi
nedir?

P2: Hosuma gitti

I: Giinliik yasaminda degisiklik oldu mu?

P2: Hayir

I: Bagka konular iligkilendirebilir miyiz?

P2: Fen, Ingilizce

I: Matematik’te?

P2: ...

GORUSME SORULARI (P13)

I: Prizmay1 nasil tanimlarsiniz?

I: Kitap bir prizma m1?

P13: Evet

I: Buna gore nasil tanimlarsin?

P13: 6 yiizey, 12 ayrt, 8 kdsesi var olan seyler
I: Ayt nereye diyorduk?

P13: Suraya, (kitap lizerinde dogru gosterdi). Kenar da diyebiliriz.
162



. I: Prizmalar nasil siniflandirirsiniz?

P13: Kare — dikdortgenler, Dikdortgenler, Kiip
I: Neyi dikkate aldik siniflandirirken?

P13: Yiizey, kose ayritina baktik.

I: Sayilarda fark var m1 diger prizmalarla?

P13: Sayilarinda fark yok

. I: Sizce geri doniigiim nedir? Neden ihtiyag duyulur?

P13: Kullandigimiz pil bitti, geri doniisiime attik. Doniislip geldi. Cevreyi
kirletmesin, zarar vermesin.
I: Kagit, ambalaj at1g1 i¢in neden doniigiim yaptik?

P13: Agaglarin kesilmemesi igin.

. I: Kullandigimiz kutular1 neden agmaya ihtiya¢ duyduk?

P13: Onlar1 siniflandirmak i¢in, aginimlarini incelemek i¢in

I: Kutulart naklederken ne gibi faydasi olabilir, geri doniisiim i¢in
gonderirken?

P13: Kutuyu aginca daha kolay giderler

I: Yer agisindan avantajli mi1?

P13: Kiiciik kiiciik oluyorlar, daha az yere ¢ok kutu oluyor

. I: Prizma a¢inimlarinin farkli olmasi siniflandirma yaparken etkiye neden

oldu mu? Neden?
P13: Olmadi
I: Peki, agimim verilip kutularin hangi gruba ait oldugunu bulabilir miydik?

P13: Hayir, bulamazdik

. I Kagit disinda farkli dirtinleri geri doniisiim amacli kullanabilir miyiz?

Neden?

P13: Yag, pil, ambalaj, kalem (yok degil),
I: Cam olabilir mi?

P13: Olur

I: Plastik?

P13: Olur

I: Plastik kag¢ y1lda dogada ¢oziiniiyordu (TUBITAK tan hatirla)
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P13: 1000 milyon yil

. I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi
nedir? Hosuna gitti mi bu sekilde?

P13: Evet, gitti.

I: Peki hayatinda ne degisti, daha dikkatli davraniyor musun mesela
ayristirtyor musun?

P13: Yeni seyler 6grendik. Ayirtyorum, ¢ope atmiyorum

I: Cevreni uyariyor musun?

P13: Evet

. I: Prizmanin agimiminda, kutunun farkli parcalarini kullandiniz, neden?
Kutunun aginiminda parcalar1 degistirdiniz neden?

P13: Kagittakine gore yaptik, orada da kiiciik pargalar kullanilmisti.

I: Cizim mi yaniltt1 sizi?

P13: Evet, kagitta da dyleydi, ona gore yaptik

I: Sonra niye degistirdiniz?

P13: Kutu kapanmadi, bosluklar kaldi.

GORUSME SORULARI (P15)

. L: Prizmay1 nasil tanimlarsiniz?

P15: Kenarlar1 degisik.

I: Nasil?

P15: Daha biiytik.

. I: Prizmalar nasil siniflandirirsiniz?

P15: Dikddrtgen prizma, kare prizma, dikdortgen- kare prizma
I: Ozel anlami var m1 sana bu siniflandirmanin
P15: Geri doniisiime katki saglamak igin.
. I: Sizce geri doniisiim nedir? Neden ihtiya¢ duyulur?
P15: Copleri, plastik cami1 doniistiiriiriiz. Agaclar kesilmesin, cevre
kirlenmesin.
. I: Kullandigimiz kutular1t neden agmaya ihtiya¢ duyduk?
P15: Agirliklar: bulalim
I: Geri doniistimle ilgisi?
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P15: Ustiine ayristirmak istedigin {iriinler icin isimleri yazarsin

. Prizma a¢inimlarinin farkli olmasi siniflandirma yaparken etkiye neden

oldu mu? Neden? (sorulmamis)

. I Kagit disinda farkli iiriinleri geri donilistim amagli kullanabilir miyiz?
Neden?

P15: Cam, plastik. Cope atmak yerine doniisiim kutusuna atmaliyiz, israf

olmasin diye.

. I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi

nedir?

P15: Sevdim.

. I Geri dontistimle ilgili verdigin 6rnekler farkliydi, hatta geri doniistim

kutularint ¢izdin. Daha onceki okulunda buna yonelik calismalar var
miydi, 6zel bir ilgi mi?

P15: Caligma vardi. Okulda, Cevko kutular1 vardi, ona goére ayri atiliyordu.
Cok sevdigim i¢in ilgiliyim.

GORUSME SORULARI (P16)

. L: Prizmay1 nasil tanimlarsiniz?

P16: Yiizey, aynit, kenar, dik acilt

. I: Prizmalar1 nasil siniflandirirsiniz?

P16: Acilarina, ayritlarina, koselerine gore

I: Bagka?

P16: Yiizeylerine gore. Kare olanlar, dikdortgen- kare, dikdortgen
seklinde.

I: Ozel isimleri?

P16: Kiip, kare prizma, geometrik cisimler, dikdortgenler prizmasi.
I: Siniflandirirken tiim yiizeylerine mi baktik belli yiizeylerine mi?
P16: Alt ve iist ylizeylerine baktik bir de kenarlarina.

I: Kiip i¢in 6zel durum var mrydi?

P16: Tamami kare olanlardi.

. I: Sizce geri doniisiim nedir? Neden ihtiya¢ duyulur?

P16: Bizim yasantimiz. Bizi yagsatmak i¢in gerekli
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. I: Kullandigimiz kutular1 neden agmaya ihtiyag duyduk?

P16: Ogrenmemiz i¢in, daha kiiciik pargalara ayirarak daha iyi gordiik

I: Yer acisindan avantajlt m1?

P16: Evet. Kutu kapaliyken daha fazla yer kapliyor, diger tiirlii daha ¢ok

seyi Ust iiste koyabiliriz.

. I: Prizma a¢inimlarinin farkli olmasi siniflandirma yaparken etkiye neden

oldu mu? Neden?

I: Mesela, ayr1 ayr1 verilseydi ayni1 gruplama olur muydu?

P16: A¢inimin hangisine ait oldugunu kutuyu kapatmadan yapamazdik

. I Kagit disinda farkli iiriinleri geri donlisiim amagli kullanabilir miyiz?
Neden?

P16: Cam, kagit, plastik, hayvanlar

P16: Geri doniistiirmezsek agaclar kesiliyor, oksijenimiz bitiyor, ozon

tabakasi zarar goriiyor.

. I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi

nedir?
P16: Olumlu etkisi oldu. Geri doniisiim i¢in ayristirtyorum, ¢opiin oldugu
yerlerde zor oluyor. Meyve suyu kutumu attim bu sabah. Canlilarin geri

donilistimiinii internetten arastirdim, daha 1yi bilgim oldu

. I: Prizmanin a¢iniminda, kutunun farkli parcalarmi kullandiniz, neden?

Kutunun a¢iniminda pargalari degistirdiniz neden?

P16: Kutularin boyu ayni degildi. Kii¢iikk ve biiylik parcalar1 vardi.
Karistirdik bilemedik. Sonra kutu kapanmayinca degistirdik.

I: Cizim mi yaniltt1, kutunun ¢ok parg¢asi olusu mu?

P16: Cok parcas1 olusu.

GORUSME SORULARI (P12)

. I: Prizmay1 nasil tanimlarsiniz?

P12: Uggen, prizma gibi seylerin konisi, aym seyden diger tarafinda da
olusu
I: Ayniti, kenari, kdsesi var mi1 bunlarin?

P12: 12 tane kenari, 8 tane kosesi, 6 tane ayrit1 var
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I: Ayrit m1 ylizey mi?
P12: Ayrit

I: Yiizey sayis1?

P12: 6

. I: Prizmalar nasil siniflandirirsiniz?

P12: Siiflandirma?

I: 1. Grup, 2. grup diye ayirmistik derste?

P12: Hepsi dikdortgen olanlar, yar1 kare yar1 dikdortgen olanlar, hepsi kare
olanlar

. I: Sizce geri doniisiim nedir? Neden ihtiya¢ duyulur?
P12: Eski seyi geri doniisiime atiyoruz, yeni gibi geliyor
I: Cevre ile ilgili olarak?

P12: Kagitlar1 koruyabiliriz.

. I: Kullandigimiz kutular1 neden agmaya ihtiya¢ duyduk?
P12: Ogrenmek igin.

I: Geri doniisiimle ilgisi olabilir mi?

P12: Olabilir.

I: Ne gibi?

P12: Acacagiz.

. I: Prizma a¢inimlarinin farkli olmasi siniflandirma yaparken etkiye neden

oldu mu? Neden?
P12: Etkisi var. A¢gmimlar farkli olabilir. A¢inimlart verilseydi farkli bir
gruba gonderebilirdik.

. . Kagit disinda farkli dirtinleri geri doniisiim amacli kullanabilir miyiz?

Neden?
P12: Bilgisayar, kola sisesi

. I: Matematik ve siirdiiriilebilirlik egitimlerinin birlestirilmesinin size etkisi

nedir? Baska konularda yapilabilir mi?
P12: Sevdim, olabilir
I: Giinliik yasamina etkisi oldu mu?

P12: Cevreme soylemiyorum ama daha dikkatliyim
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8. I Calisma kagitlarinda kutular1 6zel olarak isimlendirseydiniz, bunlarin
adi ne olurdu sorusuna prizma, kiip seklinde cevap veren tek kisisin.
Bunlar1 daha 6nce duydun mu yoksa tahmin mi ettin?

P12: Daha 6nce her yerde duydum.
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D. PARENTS’ CONSENT FORMS & INFORMATION FORMS

Veli Onay Formu

Sevgili Anne/Baba

Bu c¢alisma Orta Dogu Teknik Universitesi yiiksek lisans ogrencisi Ece
KANDILLI tarafindan yiiriitiilmektedir.

Bu calismanin amaci nedir? Bu calismanin amaci, matematik ve
stirdiiriilebilirlik egitiminin 5. smif Ogrencilerinin prizmalar konusunda
birlestirilmesinin, o6grencilerin siirdiiriilebilirlik algisinin  degisimine ve
prizmalar konusunun anlasilmasina yonelik etkisinin incelenmesidir.
Cocugunuzun katihmci olarak ne yapmasim istiyoruz?: Bu amag
dogrultusunda,  g¢ocugunuzdan  derse  katilmini  isteyecegiz = ve
cevaplarini/davraniglarini - goriintii kaydi bi¢iminde toplayacagiz. Sizden
cocugunuzun katilimci olmasiyla ilgili izin istedigimiz gibi, calismaya
baslamadan ¢ocugunuzdan da sozlii olarak katilimiyla ilgili rizas1 mutlaka
alinacak.

Cocugunuzdan alman bilgiler ne amagla ve nasil kullanilacak?:
Cocugunuzdan alacagimiz cevaplar tamamen gizli tutulacak ve sadece
arastirmacilar tarafindan degerlendirilecektir. Elde edilecek bilgiler sadece
bilimsel amagcla (yayin, konferans sunumu, vb.) kullanilacak, cocugunuzun ya
da sizin ismi ve kimlik bilgileriniz, hicbir sekilde kimseyle
paylasilmayacaktir.

Cocugunuz ya da siz calismay1 yarida kesmek isterseniz ne yapmalisimz?:
Katilim sirasinda sorulan sorulardan ya da herhangi bir uygulama ile ilgili
baska bir nedenden &tiirli gocugunuz kendisini rahatsiz hissettigini belirtirse,
ya da kendi belirtmese de arastirmaci ¢ocugun rahatsiz oldugunu 6ngoriirse,
caligmaya sorular tamamlanmadan ve derhal son verilecektir.

Bu cahsmayla ilgili daha fazla bilgi almak isterseniz: Calismaya
katilmmizin sonrasinda, bu c¢aligmayla ilgili sorularmiz yazili bi¢imde

cevaplandirilacaktir. Calisma hakkinda daha fazla bilgi almak i¢in {lkdgretim
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Fen ve Matematik Egitimi boliimii yiiksek lisans 6grencisi Ece KANDILLI ile

(e-posta: ece.kandilli@metu.edu.tr) ile iletisim kurabilirsiniz. Bu c¢aligmaya

katiliminiz i¢in simdiden tesekkiir ederiz.
Yukaridaki bilgileri okudum ve cocugumun bu c¢aliymada yer almasini

onayliyorum (Liitfen alttaki iki segenekten birini isaretleyiniz.

Evet onayliyorum____ Hayrr, onaylamiyorum____
Annenin adi-soyadi: Bugiiniin
Tarihi:

Cocugun ad1 soyadi ve dogum tarihi:

(Formu doldurup imzaladiktan sonra arastirmaciya ulastiriniz).
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Arastirma Sonrasi Bilgilendirme Formu

Oncelikle arastirmamiza katildiginiz icin tesekkiir ederiz.

Katildiginiz arastirmanin amaci matematik ve siirdiiriilebilirlik egitiminin 5.
smif Ogrencilerinin prizmalar konusunda birlestirilmesinin, &grencilerin
stirdiiriilebilirlik algisinin degisimine ve prizmalar konusunun anlasilmasina
yonelik etkisinin incelenmesidir.

Bu amagla, sizden ilk olarak derse etkin katiliminiz beklenmistir. Ders akisi
sirasinda sergilemis oldugunuz davranislar, sordugunuz sorular ve verdiginiz
cevaplar kapsaminda ise en son asama olarak goriisme yapilmistir.
Katilimcilara aragtirmada yaniltici bilgiler verilmemistir.

Bu sirada, Ogrenci algilarinda stirdiriilebilirlik agisindan farklilik olusup
olusmadig1 ve Ogrencilerin prizmalar konusunda anlama ve bilgilerinin neler
oldugu  incelenecektir.  Analizlerin = sonuglarinda, = matematik  ve
stirdiiriilebilirlik egitiminin birlestirilmesinin 6grenci algilar1 ve konuyu
anlamalar1 {izerinde istatistiksel olarak anlamli ve olumlu bir etkiye sahip
oldugunu ortaya koymas1 beklenmektedir.

Eger arastirmayla ilgili sorularmmiz varsa arastirmaciya sorabilir veya

ece.kandilli@metu.edu.tr adresinden Ece KANDILLI’ ye ulasabilirsiniz.
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E. TURKISH SUMMARY/ TURKCE OZETI

5. SINIFLARDA PRiZMA OGRETIMININ SURDURULEBILIR
KALKINMA EGITiMi ILE DESTEKLENMESI UZERINE BiR
ARASTIRMA

GIRIS

Matematik, soyut gosterimleri, kavram ve becerileri igererek, sistematik
o0grenmenin meydana geldigi hiyerarsik bir yapidan olusur (Sarwadi & Shahrill,
2014). Matematik miifredat1 icerisindeki onemli konulardan biri geometridir
(Marchis, 2012). Ayrica, geometrinin kendine ait bir dili olmakla birlikte
(Clements, 2003), geometri 6zel semboller, terminoloji ve anlaml iliskiler icerir
(Gokkurt vd., 2015). Ulusal Matematik Ogretmenleri Konseyi'ne (NCTM, 2000)
gore, geometri bireylere gercek hayattaki durumlar1 anlama, problemleri ¢ozme ve
farkli matematik konularini kavrama ag¢isindan avantaj saglar. Ayrica, geometri
bireylere diinyay1 anlama, ¢evreyi yorumlama ve g¢evre hakkinda bilgiye sahip
olmanin yaninda matematik ve fen bilimleri gibi disiplinler arasi ortamlar
olusturma firsati sunmaktadir (Clements, 2003; Fidan ve Tiirniiklii, 2010; NCTM,
1989; 2000). Bireylerin g¢evreyi yorumlayabilmesi i¢in gorsel bilgiye ihtiyag
duyulur. Saglanan bilgiyle bireyler hem gorsellestirme becerilerini hem de ¢6ziim

yolu iiretme yeteneklerini gelistirirler (Jones, 2002).

UNECE stratejisine (2009) gore, Siirdiirtilebilir Kalkinma Egitimi, SKE,
bireyleri siirdiiriilebilir kalkinma konusunda bilgi ve becerilerle donatmayi, ayni
zamanda bireyler icin dogayla uyumlu, saglikli ve flretken yasam bigimleri
gelistirirken, bireylerin sosyal degerler, cinsiyet esitligi ve kiiltiirel cesitlilik

konularindaki kaygilarin1 azaltmayr amaglamaktadir (Hopkins ve McKeown,
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2002). SKE, egitim ve halk bilincinin koordinasyonuyla daha siirdiiriilebilir
toplumlar ve stirdiriilebilir bir gelecek insa edilmesine dair Oneride bulunur
(Wals, 2012). Bu nedenle, SKE'nin gelecegi icin ortak bir vizyon gelistirmek,
insanlar1 egitmeye Onem vermek, yenilikleri tesvik etmek, SKE liderligi
gelistirmek, stratejik planlar gelistirmek, eylem planlar1 olusturmak veya bireyleri

egitmek gerekir (Hopkins & Mckeown, 2002).

Bireylerin giinliilk yasamda kullandig1 ya da karsilastig1 birgok {irliniin ve
paketleme i¢in kullanilan ambalajlarin da prizma 6rnegini olusturmasi ¢alismanin
baslangic noktasini olusturmustur. Ayni zamanda, paketleme i¢in kullanilan
ambalajlar, kullanim sonras1 atiga dontismektedir. Bu durumda, ambalaj atiklari,
geri donlisim amaciyla kullanilamayacagi i¢in siirdiiriillemez tliketimin temel
nedeni olmaktadir. Geometriyi temsil eden prizmalar konusu ile SKE’yi temsil
eden geri doniisiim ve ambalaj atiklar1 kavramlariin, farkli disiplinler olmasina
ragmen isbirligi i¢inde olmalar1 baglaminda, O&grencilerin  prizmalari
smiflandirmalar1 ve prizma agmimlarini ¢izmeleriyle ilgili algilarinin tespit
edilmesi ile geri donilisiim ve ambalaj atiklariyla ilgili farkindalik kazanmalar

beklenmektedir.

Teorik Cerceve

Geometri, matematik ve diger disiplinler arasinda bir koprii olarak rol
almaktadir (NCTM, 1989; 2000). Bu nedenle, geometri bilim ve matematigin
ortak noktasi olarak kabul edilir (Clements & Sarama, 2011). Clements ve
Battista' ya (1992) gore, geometri fiziksel ¢evreyi anlama ve yorumlama igin
bireylere firsat sunar. Ayrica, geometri egitiminde Ogrenciler sadece geometrik
kavramlar1 degil, ayn1 zamanda bu kavramlarin arkasindaki matematigi de anlarlar
(NCTM, 2000). Bu nedenle, matematigin Ogretilmesinde ve Ogrenilmesinde
geometri Onemli bir role sahiptir. Geometri, Ogrencilerin sekil ve uzay
kavramlarimi destekledigi i¢in (Giiven & Kosa, 2008), Ogrencilerin uzamsal
yeteneklerini ve muhakeme becerilerini gelistirebilir (French, 2004). Uzamsal

yetenek, iist diizey diisiinme, akil yiiriitme ve yaratict siiregler i¢in temel kabul
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edilirken (Sorby, 2007), uzamsal yetenek, bilgisayar grafikleri, miihendislik, fen
bilimleri, teknoloji ve matematik, yer bilimleri veya mimarlik gibi bir¢ok alanda
onem tagimaktadir (Titus & Horsman, 2009). Ayrica, Battista (1992)
gorsellestirme yeteneginin Oneminden bahsederken, Ogrencilerin geometri
ogrenmesiyle uzamsal gorsellestirme yeteneklerinin iligkili oldugu bilinmektedir.

(Karaman ve Togrol, 2009).

Cevre sorunlarmin ¢oziimiiniin 6nemi arttik¢a, geri doniisiim hiikiimetler
acisindan Onem kazanmaktadir. McCarty ve Shrum'a (1994). Bu durumda,
hiikiimetler geri doniisiimle ilgili baz1 programlar uyguladiginda, vatandaslarin bu
programlara katilimi1 da desteklenmektedir. Bunun igin, bireylere ¢evre bilinci
saglamak i¢in bireylerin tutumlarini ve sonrasinda da davranislarin1 degistirmeleri
saglanmalidir (Ebreo vd., 1999; McCarty & Shrum, 1994; Arbuthnott, 2009).
Daha onceki arastirmalara gore (Henion, 1976; Balderjahn, 1988; Schwepker &
Cornwell, 1991), sorumlu tiiketicilerin ¢evreye duyarli olumlu tutumlar1 vardir.
Bu nedenle, kaynaklarin ¢ikarilmasinda ve tiiketilmesinde stirdiiriilebilir olmayan
yontemlerin yerine slirdiiriilebilir yontemler se¢ilmelidir (Svanstrom vd., 2008).
Bu durumda, egitim siirdiiriilebilirlik agisindan 6nemli bir role sahiptir (Hopkings
& McKeown, 2002). Bunun i¢in SKE, geleneklerle dengelenerek, dogal
kaynaklara saygt duyarak ve sorunlara ortak ¢éziimler bulmak igin iletisimi artiran
bir egitim vizyonu sunar (Zenelaj, 2013). Dolayisiyla, siirdiiriilebilir kalkinma
kavrami, Ogrencilerin sadece kendileri icin degil gelecek nesiller icin de
sorumluluk almasinda 6nemli rol oynamaktadir (de Haan, 2006). Bu nedenle, ne
egitim ne de siirdiriilebilir kalkinma birbirinden ayr1 olarak diisiliniilemez

(Hagglund & Samuelsson, 2009).

Arastirma sorulari

Bu calisma, 5. smiflardaki prizma oOgretiminin  siirdiirtilebilir
kalkinma egitimi ile desteklenmesi {iizerine bir arastirmadir. Calisma

kapsaminda asagidaki sorular arastirma sorularini olusturmaktadir.
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1) 5. siif 6grencileri geri donilisiim ve ambalaj atiklar1 agisindan SKE'nin
anlami1 hakkinda ne diistiniiyor?

2) 5. smf Ogrencilerinin smiflandirma ve prizma agimimlaryla ilgili
diistinme stratejileri nelerdir?

3) 5. smuf prizmalar1 6gretiminin SKE ile desteklenmesi hakkinda ne

diisiiniiyor?
ALANYAZIN TARAMASI

Prizma, bireylerin ¢evrelerini agiklamak ic¢in gilinliik yasamlarinda
karsilagtiklar1 en yaygin kavramlardan biridir (Baki, 2006). Bununla birlikte,
NCTM’ in (2000) Geometri Standartlari’na gore, ilkdgretim smiflarinda, iki
boyutlu sekiller kapsamli olarak caligilirken, li¢ boyutlu sekiller i¢cin durum boyle
degildir. Prizmalarla yapilan ¢alismalarda ise, prizmalarin simiflandirilmasi (Roth
& Thom, 2009), tanimlanmasi1 (Koester, 2003; Marchis, 2012), 6grencilerin ii¢
boyutlu diisiinme becerilerinin gelistirilmesi (Pittalis vd., 2010; Sack, 2013; Fujita
vd., 2017), li¢ boyutlu cisimlerle ilgili muhakeme becerilerinin gelistirilmesi
(Hallowell vd., 2015) ve temsil becerilerinin gelistirilmesi (Pittalis & Christou,
2013) amaglanmistir. Tiirkiye’de ii¢ boyutlu cisimlerle yapilan bazi ¢aligsmalarda
ise drama egitiminden yararlanildigi (Ozsoy, 2003; Giinhan & Ozen, 2010),
dinamik yazilim programlarinin kullanildig: (Giirbliz & Giilburnu, 2013; Simsek,
& Yiicekaya, 2014, Ugur vd., 2016), origami aktivitelerinden (Simsek, 2012) ve
somut materyal olarak kukladan yararlanmildigr (Yilmazer & Keklik¢i, 2014),
ayrica prizma 0gretiminin Orff Yaklagim ile desteklendigi (Aktas, Erdogan-Kaya,
2017) gorilmustiir.

Alshuwaikhat ve Abubakar'a (2008) gore, dogal kaynaklara dikkat etmek
ve toplumlarin refahin1 saglamak icin dogal kaynaklarin siirdiiriilebilir
kullanimlarint tesvik etmek oOnemlidir. Bu durumda, c¢evresel kaynaklarin
siirdiiriilebilirligini saglamak stirdiiriilebilir kalkinmanin desteklenmesinde 6nemli
bir role sahiptir. Glavic ve Lukman (2007) ise siirdiiriilebilir kalkinma i¢in farkl

boyutlart iceren ilkelerden bahsetmektedir. Bu ilkelerden biri, tehlikeli
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malzemeleri, enerji ve kaynak kullanimini azaltarak c¢evresel performansi artiran

geri doniigiimdiir (Ebreo vd., 1999).

SKE, bireyler i¢in siirdiiriilebilir gelecek saglamay1 hedefledigi i¢in (Hann
vd.,, 2010; Wals 2012) okul oncesi egitimi, ilkdgretim, ortadgretim,
yiiksekogretim, yetiskin veya mesleki egitim gibi tiim egitim ve 6gretim diizeyleri
- ve Orgiin, yaygin veya yaygin olmayan 6grenme ortamlari- SKE icerir (Hann
vd., 2010; Bessant vd., 2015). Bu nedenle, egitimdeki bu ¢aligmalarin sayis1 farkli
iilkelerde giinden giine artarken, miifredatta degisiklikler yapilmakta ve bu
degisikliklerin etkisiyle verimli bir ortam olugmasi beklenmektedir (Agut vd.,
2014; Cutter-Mackenzie & Edwards, 2013; Gresch & Bogeholz, 2013; Kitamura
& Hoshii, 2014; Milutinovi¢ & Nikolig, 2014). Ayrica, yapilan degisikliklerden
verim elde edilebilmesi ve bu degisikliklerin etkili olabilmesi i¢in, egitimcilerin
SKE'de 6grencileri desteklemesi de 6nemli bir yere sahiptir (Sauve, 1996; Sund,
2015). Tirkiye'de, SKE ile ilgili ¢alismalar genellikle okul 6ncesi eitimi alan
ogrencileri icermektedir. Bu durum, Toran’in yaptig1 ¢alismada (2017), 2010 ve
2016 yillar1 arasinda okul Oncesi egitimi iceren 17 c¢alisma oldugu seklinde
belirtilmistir. Ayrica, okul Oncesi egitimi i¢in c¢esitli calismalar ve 6gretim
yontemleri saglanmisken (Giilay, 2011) aileler, bireylerin ¢evresel farkindaligini
artirmak ve SKE'nin 6nemini benimsetmek i¢in énemli role sahiptir (Erkal vd.,
2011). SKE, okul oncesi egitimde diinya genelinde 6n plana ¢iksa da
stirdiiriilebilir kalkinmay1 saglayabilmek ve kati atik olusumunun azaltilmasi igin
kampiislerde de cesitli ¢alismalar yapilmaktadir. Kat1 atik yonetimi programlari
araciligiyla geri donilisiim saglanmaya calisilmaktadir (de Vega vd., 2008; Elfithri
vd., 2012; Smyth, 2010).

Ozetle, hem prizma 6gretimi hem de SKE farkli sinif seviyelerinde farkli
acilardan incelenmektedir. Farkli disiplinlerle etkilesimleri olmakta ve birbirlerine
katkida bulunmaktadirlar. Ancak, literatiirde prizma Ogretiminin SKE ile
desteklenmesi konusunda bosluk bulunmaktadir. Sonu¢ olarak, 6grencilerin

prizmalar siniflandirma ve prizma aginimlariyla ilgili algilarinin tespit edilmesi,
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ayn1 zamanda Ogrencilere geri doniisiim ve ambalaj atiklar1 konusunda farkindalik
kazandirilmas1 beklenerek, besinci smiflarda prizma oOgretiminin SKE ile
desteklenmesinin literatiire katki saglayacagi diisiiniilmektedir. Bir baska acidan
ise farkli disiplinlerin birbirlerini desteklemesine de katkida bulunmasi

beklenmektedir.

YONTEM

Calisma Deseni

Besinci smiflarda prizma Ogretiminin  SKE ile desteklenmesinde,
ogrencilerin geri doniisiim ve ambalaj atiklar1 agisindan SKE’nin anlami hakkinda
ne dislindiiklerini, siniflandirma ile prizma aginimlar i¢in diisiinme stratejilerini
ve Ogrencilerin prizmalar1 O6gretiminin SKE ile desteklenmesi hakkinda
diisiindiiklerini incelemek i¢in durum calismast kullanilmistir. Creswell (2009)
durum caligmalarinin 6nemini dogal ortamlarin yakindan ve derinlemesine
analizini icermesiyle agiklar. Durum c¢alismalarinda, ilgili durumu dogrudan ve
gozlem yoluyla, ilk elden ve derinlemesine anlamak i¢in durum g¢alismasina acgik
ve ayrintilt bir icerik saglamak gereklidir (Denscombe, 2003). Durum caligsmasi
nedeniyle, veri toplama siireci planlama ve uygulama seklinde basliklara ayrilarak

icerik detaylandirilmaya c¢alisilmistir.

Katimcilar

Bu c¢alisma durum calismasi oldugundan 6rneklem, calismanin ihtiyaglari
dogrultusunda belirlenmis, goriisme yapilacak katilimcilar i¢in amagli 6rnekleme
yontemi kullanilmistir. Calismaya, 5. smiftan 18 6grenci (9 erkek, 9 kiz 6grenci)
katilmigtir. Calismadaki amacli Ornekleme yonteminde &grencilerin farkl

cevaplarina dayanarak, ¢alisma sonucunda goriisme i¢in 7 6grenci sec¢ilmistir.

177



Veri Toplama Siireci

Calismada, ders igerigi ve etkinlik sayfalari, miifredat ve ders kitabina gore
hazirlanmistir. Matematik ile Cevre Egitimi derslerinin dgretim programlarindaki
ilgili kazanimlardan a. 6grenciler dikdortgen prizmay: tanir ve temel elemanlarin
belirler; b. dikdortgen prizma acinimlarini ¢izer ve farkli aginimlarin dikdortgen
prizma ile iliskili olup olmadigina karar verir; c. geri donilisim ve geri kazanim
kavramlarini agiklar ve geri donistiiriilebilir malzemelerin yeniden kullaniminin
saglanmasina katkida bulunur, kullanilmigtir. Bunun i¢in ¢aligmanin uygulama
siiresi 5 ders saati olarak planlanmis ancak ¢alisma uygulama sirasinda 8 ders
saati stirmistiir. Uygulama sirasinda, hem prizmalar1 hem de ambalaj atiklarini
orneklendiren karton kutular, sinifa katilimcilar tarafindan getirilmis ve
katilimcilardan ilk ders saatinde bu kutularin neden toplandigin1 diigiinmeleri
istenmistir. Ogrenciler kutular1 toplama amaglarinin geometriyle ilgili oldugunu
belirtmislerdir. Bunun iizerine, 6grencilerin smifta geri doniisim amagh pilleri
topladig1 bilindiginden, pilleri toplama amaglariyla kutular1 toplama amaglari
arasinda iligki olup olmadig1 sorulmustur. Verilen cevaplarla birlikte, 6grenciler
geri doniisiim, geri kazanim, yeniden kullanim ve ambalaj atigi hakkinda
bildiklerini paylasmislardir. Ambalaj atiklarinin geri doniisiimiiyle ilgili bir video
izlenmis ve bunun iizerine 6grenciler geri donilisiimiin tanimi, geri doniisiimiin
gerekliligi, atik Ornekleri ve ambalaj atiklarimin tanimiyla ilgili diislincelerini

paylagsmislardir.

Sonraki etkinliklerde, ogrenciler prizmalar1 siniflamaya c¢alisarak,
prizma ¢esitlerinin benzerlik ve farkliliklarini  bulmaya ¢alismislardir.
Etkinliklerin devaminda, katilimcilar prizmalar1i tanimlamaya calismiglardir.
Ayrica, prizma aginimlarini olusturmak, aginimlarini ¢izmek ve ¢izdikleri aginim
ile prizma tiiriinii eslestirmek i¢in ¢caba harcamislardir. Bu sirada, karton kutularin
parcalarina ayrilmasi bir yandan katilimcilara avantaj saglarken, diger yandan
acinim olusturma ve ¢izim asamasinda zorlanmalarina da neden olmustur. Bu

sirada, katilimcilardan prizma ag¢inimlariyla cisimlerin yer kaplamasini prizma
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ogretiminin SKE ile desteklenmesi agisindan degerlendirmeleri beklenmistir.
Prizmalarla ilgili son etkinlik olarak katilimcilar verilen farkli aginimlarin prizma
olusturup olusturmadigini nedenleriyle aciklamislardir. Son etkinlik saatinde ise
katilmcilar hem uygulama sirasinda  gordiikleri kavramlari  yeniden
degerlendirmisler hem de bu tiir uygulamalarin giinlik yasama etkisini
aciklamaya calismislardir. Her etkinlik sonrasi calisma kagitlarim1 kullanan
katilimcilar, etkinlikler sirasinda ve sonrasinda olusturulan tartisma ortaminda
kendilerini ifade etme firsati yakalamislardir. Calisma sonunda, etkinlikler
sirasindaki farkli cevaplart ve yaklasimlari nedeniyle secilen yedi Ogrenciyle

goriisme yapilmustir.

Veri Toplama Araclan

Belgeleme bu calismadaki veri toplama araglarindan biridir (Yin, 1994;
Bowen, 2009). Bu calismada veri toplamak i¢in prizma 6gretimindeki 5. simif
kazanimlar1 ve geri doniisiimle ambalaj atig1 kavramlarini igeren etkinlik sayfalari

kullantlmistir.

Diger bir veri toplama araci olarak gézlemden yararlanilmistir. Boylece,
aragtirmacinin ve katilimcilarin davranig ve sdylemlerinin ayni anda dogrudan
gozlemlenerek yorumlanmasi saglanmistir. Ayrica, c¢alisma, ¢alismanin
arastirmacisit ders 0gretmeni oldugundan, gézlem notlarindaki detaylar1 gérmek

icin kamera ile kaydedilmistir.

Bu ¢alismanin son veri toplama araci ise goriismedir. Frankel ve Wallen'e
(2006) gore bir arastirmact i¢in gozlemlerinden kaynaklanan gdsterimlerin
dogrulugunu kontrol etmek ayr1 bir 6neme sahiptir. Bu ¢alismada farkli cevaplari
ve yaklagimlar1 nedeniyle segilen yedi 6grenciyle prizmalar, geri doniisim ve
ambalaj atiklart hakkinda goriisiilmiistiir. Toplam goriisme siiresi yaklasik 75

dakikadir.
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Veri Analizi

flgili arastirma sorularini incelemek igin nitel arastirma ydntemlerinden
igerik analizi yontemi kullanilmistir (Creswell, 2007; 2013; Flick, 2013; Stemler
2001). Krippendorf (1989; 2004), nitel icerik analizinde ¢ikarimda bulunmak igin
sozel, resimsel, sembolik ve iletisim verilerini i¢ermesinin énemini belirtmistir.
Bu nedenle, bu ¢aligmada, prizma 6gretiminin siirdiiriilebilir kalkinma egitimi ile
desteklenmesinde belgeleme, gbézlem ve goriismeden yararlanilmistir. Boylece,

icerik analizi yontemleri yardimiyla bu {i¢ veri kaynagi karsilastirilmistir.

Icerik analizi i¢in acik kodlama kullamlmistir. Bir kod, bir sézciigii, kisa
bir ifadeyi veya verileri tanimlayabilmek i¢in bir ciimleyi ifade eder (Saldana,
2015). Acik kodlamada, biiyilk miktarda veri daha az igerik kategorisine
dontstiiriiliicr (Weber, 1990) ve materyallerin okunmasinda notlar ve bagliklar
olusturulur (Hsieh ve Shannon, 2005; Elo ve Kyngas, 2008). Bu ¢alismada, icerik
analizinin yapilabilmesi i¢in &grencilerin belgeleri, kayitlari, gézlem notlar1 ve

goriisme yazilarindan yararlanilmistir.
SONUCLAR
Siirdiiriilebilir Kalkinma Egitimi Acisindan Sonuclar

Mevcut caligmada, SKE kagidin geri doniisiimii ve ambalaj atiklar
iizerinden degerlendirilmistir. Baska bir deyisle, calisma sonucunda katilimcilarin
geri donlislimii ve ambalaj atiklariyla ilgili farkindalik kazanmalar1 amaglanarak
ogrencilerin geri doniisiim ve ambala;j atiklar1 agisindan SKE’nin anlam1 hakkinda

diistindiiklerini paylagsmalar1 beklenmistir.

Katilimcilara ilk olarak, geri doniisiimin ne oldugu sorulmustur.
Katilimcilarin biiyiik ¢ogunlugu geri donilisimii hayat olarak tanimlarken, bir
kismi geri doniisimii yeniden kullanma, eskiyi yeniye doniistiirme olarak
tanimlamigtir. Ayrica geri doniisiim, katilimeilar tarafindan doganin, aga¢larin ya

da ¢evrenin korunmas: seklinde de algilanmistir. Bu asamada, katilimcilarin bir
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kismi pilin ve kagidin geri doniisiim siirecinden de bahsetmistir. Katilimcilarin bu

siire¢ i¢in 0zel alanlara ihtiya¢ duyuldugunu belirtmesi dikkat ¢ekicidir.

Ikinci asamada katilimcilardan geri déniisiimiin gerekli olup olmadigi ve
geri donlistime neden ihtiya¢ duyuldugunu aciklamalari istenmistir. Katilimcilarin
tamami geri doniisimii gerekli gormiistiir. Katilimeilarin biiylik ¢cogunlugu geri
doniisiime ¢evreyi ve agaglart korumak igin ihtiyag duyuldugunu sdylerken, bir
kismi yasamin devamliligi ve daha saghkl, giivenli bir yasam igin gerekli
oldugundan bahsetmistir. Ayrica, geri donlisimiin ozon tabakasinin korunmasi,
oksijenin devamliligi ve atiklarin artmamasi i¢in 6nemli oldugunu belirten

katilimcilar da vardir.

Uciincii asamada katilmcilardan geri déniistiiriilebilen atiklara ornek
vermeleri istenmistir. Geri doniisebilen atiklardan olan kagit, katilimcilarin
tamami tarafindan ornek olarak verilirken; pil, plastik, cam, sise ve yag Ornek
olarak gosterilen diger atiklardandir. Ayrica, katilimcilarin ¢ok azi sebze, meyve,
tas ve eski kiyafetleri 6rnek olarak vermistir. Bu ornekleri verme nedeni olarak,
katilimeilarin - geri  doniisiimii, yeniden kullanma olarak algiladiklarindan

bahsedilebilir.

Bir sonraki adimda, katilimecilar ambalaj atiginin ne oldugunu
tanimlamaya ve ambalaj atiklarina 6rnek vermeye calismislardir. Katilimcilarin
cok azi her ikisine de cevap verirken, bazilar1 sadece 6rnek vermis, bazilar1 ise
sadece tanimlamaya ¢aligmistir. Bu nedenle ambalaj atig1, katilimeilar tarafindan
icindekini koruma amaci tasiyan ve artik islevini yitirmis olan madde olarak
tanimlanmigtir. Katilimceilar tarafindan verilen 6rnekleri ise oyuncak paketleri,
karton kutular, ¢ikolata paketleri, balon paketleri ve pillerin dis yiizeyini kaplayan
madde olusturmaktadir. Bu asamada, katilimcilarin bulundugu yas grubu bu

Orneklerin verilmesine neden olabilir.

Katilimcilar, SKE acisindan degerlendirildiginde, bir¢ogunun SKE’yi
giinliik yasamla iligkilendirdigi, disiplinler arasi gegislerden yararlandig1 ve geri
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doniislim, ambalaj atig1 tanimlamalarini kelimelerin kendilerinde olusturdugu

cagrisim lizerinden yaptiklar1 goriilmiistiir.
Prizmalarin (")gretilmesi Acisindan Sonuclar

Bu boliimde, katilimcilarin cevaplart besinci smif matematik dersi
seviyesindeki prizmalar konusunu igererek, prizmalar1 siniflandirmalari,
tanimlamalar1 ve prizma aginimlari agisindan analiz edilmistir. Prizmalar 6gretimi
sirasinda  katilimeilar  dikdortgenler prizmasi, kare prizma ve kiiplerden

yararlanmustir.

[lk asamada, katilimcilardan prizmalar1 smiflandirmalar  istenmistir.
Siniflandirma Oncesinde, katilimcilar prizmalarin yiizey sekillerinin hangi
sekillerden olustugunu bulmuslardir. Burada, katilimcilar ayrit uzunluklarini
Olemiigler ve Olgme islemi sirasinda kalem, kalem kutusu, karis ya da el
parmaklarindan yararlanmislardir. Katilimcilarin, ayrit uzunluklarinin esit olugsuna
veya farkli olusuna gore yiizey sekillerini kare ve dikdortgen olarak belirttikleri
goriilmiistiir. Bu sekilde, katilimcilarin informal o6lgme yapti§i ve tahmin
yeteneginden yararlandiklar1 sdylenebilir. Smiflandirma sirasinda, katilimcilar
birden fazla simiflandirma yapnuslardir. ilk olarak, katilimcilar tiim yiizey sekilleri
kare olan prizmalar sadece kareden olusanlar; yiizey sekilleri dikdortgen olan
prizmalan sadece dikdortgenlerden olusanlar; ylzey sekillerinde hem kare hem
de dikdortgen olanlar1 ise hem kare hem dikdortgenden olusanlar seklinde
isimlendirerek gruplandirmislardir. Bu sirada, katilimcilara eger bu gruplarin 6zel
isimleri olsaydi ne olurdu diye sorulmustur. Verilen cevaplar arasinda uzun-kisa
kutular, yart kare- yart dikdortgen kutular, dikey-yatay kutular, tiim kareler- tiim
dikdortgenler yer alirken, cok az sayida katilimcinin kiip ve prizma cevabim
verdigi goriilmistiir. Bu cevaplart veren katilimcilara neden bu sekilde
isimlendirdikleri soruldugunda, daha o6nce duyduklarimi sdylemislerdir. Ilk
siniflandirma  sonrasi, prizmalarn  formal tamimlar1  yapilmistir.  ikinci
siniflandirma i¢in, prizmalarin kose, ayrit ve ylizey sayilarina bakilmistir.

Katilimcilarin biiyiik cogunlugu, kése sayisint 8, ayrit sayisini 12 ve yiizey sayisini
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6 olarak belirtmistir. Katilimeilarin az bir kismi ise bu sayilar1 farkli bulduklarini,
bu duruma neden olarak ise bazi yerleri iki kez saydiklarint ya da bazi yerleri
saymadiklarini ve prizma olarak kullanilan ambalaj atiklarindan kaynaklanan
sorunlar oldugunu belirtmislerdir. Katilimcilarin tiim prizmalar i¢in ayni sayiya
ulagsmasiyla, katilimcilar swniflandirmada kose, ayrit ve yiizey sayisimin etkili
olmadigimi belirtmigtir. Son siniflandirmayi, katilimcilar prizmalarin tabanlarina
gore yapmiglar ve prizma tabanina karar verebilmek i¢in formal tanimdan
yararlanmiglardir. Ayrica, ayrit uzunluklarina karar verebilmek i¢in tahmin
yeteneklerini yeniden kullandiklar1 ve prizmalart buna gore simiflandirdiklart
goriilmiistiir. Katilimcilarin  neredeyse tamami, prizmasint  dogru gruba
yerlestirmeyi basarmistir. Ancak, goriisme sirasinda, katilimcilara tekrar sorulan
prizmalar nasil siniflandirilir sorusuna, katilimcilarin galisma sirasinda yapmis
oldugu ii¢ siiflandirmayr da dahil ederek cevap verdikleri, ardindan verdikleri
cevaba gore sorulan sorularla ve verilen ipuglariyla dogru cevaba ulastiklar
goriilmiistiir. Ayrica, goriisme sirasinda katilimcilarin  bir  kismi, prizma
agtmiminin prizmalarin siniflandirimasinda etkili olacagini sdylerken, sadece bir

tane katilimc1 prizma agimiminin siniflandirmayt etkilemeyecegini sdylemistir.

Bu kismin bir alt asamasinda, goriisme yapilan katilimcilardan prizmalar
tanimlamalar1 istenmistir. Bu asamada, tiim katilimcilarin tanim yaparken zorluk
yasadigi ve beklenen tanimi yapamadiklart gozlemlenmistir.  Ancak,
katilimcilardan bir¢ogunun, prizma tanimi i¢in kose, yilizey ve ayrit sayilarini
kullanmaya ¢alismalar1 dikkat ¢gekmistir. Ayrica, baz1 katilimcilarin ayrit kavrami
yerine kenar kavramimi kullandig1r tespit edilmistir. Katilimeilarin  tanim
yapamamasi ve tanim yapmak i¢in kose, yiizey ve ayrit sayilarimi kullanmaya
caligsirken bunlar1 yanlis hatirlamalari iizerine, katilimcilardan kitabin prizma olup
olmadigin1 cevaplamalari, kose, ylizey ve ayritlarin1 gostererek saymalari
istenmistir. Bu soru iizerine, katilimcilar kitabin bir prizma ornegi oldugunu
belirtmis ve kitabin kose, yiizey ve ayritlarinin yerlerini gostererek, sayilarimi 8§

kése, 6 yiizey ve 12 ayrit olacak sekilde saymiglardir. Goriismeler sirasinda fark
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edilen bir nokta ise, katilimcilarin somut materyal iizerinde kendilerini daha rahat

ifade etmeleridir.

Bu boliimin  ikinci asamasini  prizma aginimlart olusturmustur.
Katilimcilar, sadece prizma aginimlarint olustururken dorderli ve beserli gruplar
halinde calismiglardir. Tiim gruplarin basarili bir sekilde prizma aginimlarini
olusturdugu goézlemlenmistir. Gruplarin birinde ise prizma ag¢inimlarini
olustururken materyal kaynakli bir sorun yasandig1 gozlemlense de, katilimeilar
deneme yanilma yoluyla dogru parcalari kullandiklar1 gézlemlenmistir. Prizma
acinimlarinin ¢izilmesiyle ilgili boliimde, katilimcilarin biiyiik bir ¢ogunlugunun
prizma agcimimin alt1 ylizeyli ¢izdigi, iki katilimecinin ise yedi ve sekiz yiizeyli
cizim yaptig1 ortaya ¢ikmustir. Ancak, katilimcilarin biiyiik bir kismi, prizma
acinimint alti ylizeyli ¢izmesine ragmen c¢izimlerde ya yiizeylerin birbiriyle
ortlistiigii ya da ayrit uzunluklarmin uygun olmadig1 ve ayritlarin Ortiismedigi
sonucuna ulagilmistir. Sadece 3 katilimeil, dogru bir sekilde prizma agmimini
cizmistir. Katilimcilardan ¢izdikleri prizma aginimlariyla prizma gesitlerini (kiip,
dikdortgenler prizmast ve kare prizma) eslestirmeleri istediginde ise 5
katilimcinin ¢izimi/ ¢izmeye calistigl acinim ile sectigi prizma ¢esidi eslesmistir.
Prizma acinimlartyla ilgili olan iicilincii bolimde ise katilimcilardan verilen
sekillerden hangilerinin prizma aginimlarina ait olup olmadigini nedeniyle birlikte
aciklamalar1 istenmistir. Genel olarak bakildiginda ise sorulan bes sekilden
tamamina dogru cevap veren katilimci sayist yaridan az olmasma ragmen,
sonuglar her sekil i¢in ayr1 degerlendirildiginde katilimcilarin yaridan fazlasi
dogru bir aciklamayla sekillerin prizma ag¢mimima ait olup olmadigim
belirlemistir. Burada, katilimcilarin prizma ag¢inimlarinin ¢izimi sirasinda
yaptiklarinin aksine, ayrit uzunluklarimin esitligini, yiizeylerin yeri ve iist iiste

binen ayritlar ile {ist iiste binen yiizeyleri dikkate aldiklar1 goriilmiistiir.
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Prizma  Ogretiminin  Siirdiirebilir Kalkinma  Egitimi ile

Desteklenmesinin Avantajlar1 Acisindan Sonuclar

Prizma 6gretiminin SKE ile desteklenmesini, kutularin hem ambalaj atig1
olarak geri doniistiiriilebilir olmasi hem de prizma O&rneklerinden olmasi
saglamistir. Bu asamada, katilimcilardan, kutunun agik ve kapali durumunu ylizey
kaplama acisindan karsilagtirmalar1 istenmistir. Daha kolay karsilagtirma
yapabilmeleri i¢in katilimcilara bu kutular1 bir kamyon ile tasiyacaklar1 ve
kutular1 hangi durumda (agik veya kapali) tagimanin, ¢evre agisindan daha
avantajli oldugu ve bu avantajlarin neler olabilecegi sorulmustur. Katilimcilar
kutulart ag¢ik bir sekilde tasimanin avantajli oldugunu, bu sekilde daha az yere
daha ¢ok kutu yerlestirebileceklerini belirtmislerdir. Bu kisimda, katilimcilar az
yer kaplamaya odaklanirken, katilimcilarin ¢ok az kismi prizma ve geri
dontistimle bu durumu iligkilenmistir. Ancak, katilimcilardan bazilarinin prizma
acimimiyla yiizey kaplama arasinda iliski olmadigina wvurgu yaptiklar

gorilmiistir.

Ikinci asamada, prizma 6gretiminin SKE ile desteklenmesini katilimcilara
glinliik yasamla ilgisi olup olmadig sorulmustur. Katilimcilarin birgogu bu
caligmay1 sadece geri doniisiim acisindan degerlendirirken, amaglarinin dogay1
korumak oldugunu belirtmislerdir. Ayrica, goriigmeler sirasinda, katilimcilar
caligmanin yasamlarinda ne gibi degisikliklere neden oldugunu cevaplamiglardir.
Goriisme yapilan yedi katilimcidan bazilari, atiklarla ¢opleri ayirarak geri
doniisiim i¢in biriktirmeye ¢alistigini, ¢evreye daha duyarli hale geldigini, bu
konuda arastirma yaptigini, c¢evresindeki insanlari bilinglendirmeye calistigini

belirtmistir.

Uciincii asamada ise katihmcilar prizma Ogretiminin  SKE ile
desteklendiginde ilgi c¢ekici bir ortamda ogrenme sagladiklarini, daha kalici
ogrendiklerini, daha eglenceli ogrendiklerini belirtirken, bu islemin farkl

konular, érnegin kesirler, icin de yapilabilecegini soylemislerdir.
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TARTISMA ve ONERILER
Prizma Ogretimi Hakkinda

Bu c¢aligmada katilimcilar, prizmalar1 siniflandirmaya, prizmalari
tanimlamaya ve prizma agimimlarin1 olusturmaya, prizma agimimlarim1 katlayip
acmaya ve onlar1 ¢izerek anlamaya g¢alismislardir. Bunlar sirasinda, ambalaj
atiklari olan kutulardan somut materyal olarak yararlanmislardir. Bu sekilde, Roth
ve Thom (2009) tarafindan yapilan ¢alismada da oldugu gibi katilimcilarin
prizmalarin smiflandirilmasinda somut materyaller kullanmalari, onlarin formal
ve informal geometri bilgilerinde gelismeye neden olmasi agisindan benzerlik
gostermistir. Calisma sirasinda, katilmcilarin  ezbere dayali 6grenmeleri
yikilmaya ¢aligilarak, anlamli bir 6grenme ortami olusturulmustur. Bunun nedeni
olarak, katilimcilarin materyal iizerinden somut Ogrenme gerceklestirmesi,
sorulara deneme ve yanilma yOntemiyle cevap aramalar1 olabilir. Koester’in
caligmasinda (2003) da benzer sekilde katilimcilar, ezbere dayali olmadan
prizmalarin tanimlamaya c¢alismislardir. Katilimcilar, prizmayr tanimlarken
paralel tabanlar ifadesini kullanmasalar da, prizmalarin yiizey, kose, ayrit
sayilarin1 bulmak ve prizma tiirlerini 6rneklemek i¢in ¢aba harcamislardir. Bu
durumun nedeni, ¢alisma sirasinda prizmanin formal taniminin verilmeden once,
prizmalarin farkli gruplar halinde siiflandirilmasi olabilir. Katilimcilarin bu
caligma sirasinda, uzamsal yeteneklerinde, gorsellestirme yeteneklerinde veya ii¢
boyutlu yapilar ve iki boyutlu sekillerin eglestirilmesiyle ilgili kavramlarda
gelisme oldugundan bahsedilebilir (Pittalis vd., 2010; Sack, 2013; Pittalis &
Christou, 2013; Fujita vd., 2017; Hallowell vd., 2015). Ancak, uzamsal
yeteneklerinde gelisme oldugunu sdylemek i¢in daha farkli ¢alismalara ihtiyag
duyulacaktir. Baz1 katilimcilarin  prizma a¢inimlarinin = olusturulmasi  ve
cizilmesinde zorluk yasamasina ragmen, bu gelismeler prizma agmimlarinin
olusturulmasinda, c¢izilmesinde ve prizma acinimlarmin katlanmasiyla prizma
acimimlarinin anlasilmasinda etkili olmustur. Bu zorluklarin nedeni, katilimcilarin

ayrit uzunluklarindaki ve kareli kagit {izerinde ayritlardaki birimlerin
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uzunluklarinda esitligi diisinmemeleri olabilir. Bu zorluklara ek olarak,
katilimcilar ¢izim sirasinda yiizeylerin  Ortlislip Ortiismeyecegine  dikkat
etmemislerdir. Bu zorluklarin nedeni katilimcilarin = prizma  aginimlari
konusundaki deneyim eksikliginden kaynaklanabilir (Piaget & Inhelder, 1948)
veya prizma acinimlarini hayal edememeleri olabilir (Cohen, 2003). Ayrica,
katilimcilar prizmalar siiflandirilirken prizma aginimlari verilseydi siniflandirma
farkli olurdu seklinde fikir beyan ettiklerinde, bunun nedeni yine prizma

acinimlarinda karsilastiklar1 durumla ayni1 olabilir.

Farkli disiplinlerden ya da zenginlestirilmis etkinliklerden yararlanilarak
prizma d6gretiminin yapildig1 ¢alismalarda (Ozsoy, 2003; Giinhan & Ozen, 2010;
Aktas & Kaya, 2017) oldugu gibi, bu ¢alismanin sonunda da katilimcilarin yiiksek
motivasyon, yiiksek ilgi ve yiiksek katilim gosterdikleri, katilimcilar i¢in anlamhi
O0grenme ortaminin olustugu veya katilimcilarin deneme yanilma yoluna
basvurduklari, bireysel ¢alismalarda oldugu gibi grup c¢alismalarinda da
sorumluluk aldiklari, igbirligine 6nem verdikleri, kendilerini daha rahat ifade
ettiklerinden bahsedilebilir. Ayrica, katilimcilar hatalarini bulmada da akran

O0grenme ortamindan yararlanmislardir.
Siirdiiriilebilir Kalkinma Egitimi Hakkinda

Cevrenin korunmasi ve gelistirilmesi, ¢cevrenin siirdiirtilebilirligi agisindan
onemli bir role sahiptir (Kates vd., 2005). Mevcut calismada da, katilimcilarin
geri doniisiim ve ambalaj atig1 kavramlari, SKE ile ilgili bakis acis1 kazanmalari,
bu anlamda duyarli hale gelmeleri hedefler arasindaydi. Caligmanin sonucunda ise
katilimeilarin - geri  doniisim ve ambalaj atigi  kavramlarina  yonelik
farkindaliklarinda bazi degisiklikler gdzlemlenmistir. Gerek sinif icerisinde gerek
okul igerisinde yapilan goézlemlerde katilimcilarin agiri tiiketim ve tasarruf
konularinda duyarli olduklar1 elde edilmistir. Olusan degisiklikler de Hann ve
digerleri (2010) tarafindan daha siirdiiriilebilir bir gelecek i¢in desteklenmistir.
Katilimcilarin, SKE’ ye oOrnekler vermek ve farkli sorular sormak amaciyla

giinliik yasam deneyimlerinden ve deneme yanilma yonteminden yararlandiklar
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goriilmistlir. Dolayisiyla, yeni bir konu O6grenmek amaciyla on bilgilerini
kullanan katilimcilarin anlamli bir sekilde 06grendigi sonucuna varilabilir.
Ornegin, kagidin geri doniisiim siirecini tartisirken katilimcilar, atik yagin, atik
camin veya atik pillerin de geri doniistiiriilebilecegini sOylemistir. Katilimcilarin
bahsettigi kurakligin, ormansizlagmanin, insan kaynakli felaketlerin veya ozon
tabakasindaki sorunlarin olumsuz etkileri ise McNaughton (2010) tarafindan da
yaptig1 caligmada belirtilmistir. Ayrica, Vega ve arkadaglar1 tarafindan yapilan
calisma ile (2008), kagit ve karton, plastik, gida atiklar1 gibi organik atiklar,
yaprak ve ot, agac dallari, metaller, cam, piller gibi tehlikeli atiklar ile
katilimcilarin doniistiiriilebilen atik 6rneklerinden bazilar1 eslesmektedir. Ambalaj
atiklar1 Avrupa Parlamentosu ve Konsey Direktifi (94/62 / EC) tarafindan atik
tanimi, kapsadigi herhangi bir ambalaj veya ambalaj malzemesi olarak
yapilmistir. Bu ¢aligmada, katilimcilarin yarisindan azi i¢in ambalaj atiklarinin
anlamli bir tanimi1 olmadig1 gézlemlenmistir. Bununla birlikte, bunlarin yarisindan
fazlas1 6rneklerin ne oldugunu bilmelerine ragmen, bu 6rnekleri eski/ kullanilmig
malzemeler veya ¢Op gibi kavramlarla eslestirmeye calismiglardir. Katilimcilarin
ambalaj atigmi tamimlamada yasadigi zorlugun nedeni, katilimcilarin geri
doniisim ve yeniden kullanim gibi kavramlar1 ayni algiliyor olmasindan

kaynaklanabilir.
Oneriler

Calismanin sonuglari, prizma 6gretiminde geometrinin soyut diinyadan
cikarak somut diinyayla iliskilendirilebilecegini gostermektedir. Ayn1 zamanda,
prizma Ornegi olan ambalaj atiklarinin geri doniisiim konusunda farkindalik
kazandirma amagh kullanimi, prizma 6gretiminin ¢evresel sorunlarin ¢oziimiiyle
iligkilendirilmesini saglanmistir. Her iki disiplin agisindan, ¢agin gerekleri
dogrultusunda hizmet edilmeye c¢alisilmistir. Bu durumda, sonuglar prizma
ogretiminin SKE ile desteklenebilecegini ortaya koymaktadir. Ancak farklh
caligmalarda, iki disiplin farkli konularla, farkli smif seviyelerinde birbirini

destekleyebilir ya da daha fazla sayida disiplinin birbirini desteklemesi
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saglanabilir. Katilimc1 sayisinin artirildigi, gozlem siiresinin saat olarak uzatildigi
ya da yillara yayildig ¢alismalar da desteklenebilir. Ayrica, 6gretmen adaylariyla
benzer calisma gerceklestirilerek bu iki disiplini nasil algiladiklari, ¢alisma
sonunda olusan/degisen farkindaliklar1 ile edindikleri tecriibeler hakkinda,
prizmalart smiflandirmalariyla, agimimlar1 katladiklariyla ya da agtiklariyla ve
prizma veya geri doniisimii tanimlamalariyla ilgili bilgi edinilebilir. Ayrica
katilimcilarin, diinyayi iic boyutlu nesne nasil algiladiklari, gercek diinya sorunlari
hakkinda ne diisiindiikleri ve gercek diinya sorunlarini nasil c¢ozdiikleri de
sorgulanabilir. Bu durumda, disiplinlerin birbiriyle igbirligi katilimcilarin algisina

gore sekillendirilebilir.
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