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Oz

Bu calisma ile geri doniisiim ve yeniden kullanim konularmin 6gretiminde
kullanilmak tizere fen bilgisi 6gretmen adaylar tarafindan modeller olusturulmasi
amaglanmistir. Calismaya Fen Bilgisi Ogretmenligi 3. sinifta ve 4. sinifta §grenim
goren toplam 30 6grenci katilmistir. Calisma sonucunda fen bilgisi 6gretmen
adaylan tarafindan gelistirilen 8§ modelin tamaminda geri kazanim vurgulanirken,
dort modelde geri doniisiim, dort modelde ise yeniden kullanimin vurgulandigi
belirlenmistir. Fen bilgisi 6gretmen adaylarinin tamaminin kati atiklari kullanarak
modeller gelistirdikleri goriilmektedir. Caligmanin sonucunda olusturulan
modellerde en ¢ok plastik ve kagit-karton atiklarin kullanildigi, metal ve kompozit
atik tiirlerinin ise hi¢ kullanilmadigi tespit edilmistir. Hazirlanan tiim modellerde
atiklarin farkli bir amag i¢in yeniden kullanimi mesajinin 6ne ¢iktigi belirlenmistir.

Abstract

The aim of this study was to have science teacher candidates develop models
for teaching the subjects of recycling and reutilization of wastes. The study was
performed with a total of 30 third-year and fourth-year students attending the
Science Education Department of a Turkish University. The study results indicated
that all eight models developed by the teachers candidates within the scope of
this study emphasized recovery, while four of them also highlighted recycling,
and four of them also focused on reutilization. It was observed that all science
teacher candidates developed models by using solid wastes. Plastic and paper-
cardboard were the most frequently used wastes in models developed within the
scope of this study, while metal and composites wastes were not used in any of the
teacher candidate models. It was observed that all of the models emphasized the
reutilization of wastes for different purposes.
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1. Introduction

The problem of solid wastes — which is a product of increasing urbanization and population growth — represents one
of the most important environmental challenges of our day (Bilgili, 2006). Solid wastes have significantly detrimental
effects on the environment and ecology. The degree to which solid wastes can be taken up and processed by ecosystems
depends largely on how much they can decompose. Solid wastes that are not readily decomposed will not be processed
by natural cycles, causing these wastes to have harmful effects on nature and disrupt natural cycles (Giiler, 2008).

Increasing population and industrialization, and the associated increase in consumption, have led to growing emp-
hasis on the approach known as “3R,” which stands for recycling, reutilization and recovery, for reducing the levels of
waste whose generation has become a significant problem. Recycling is defined as the utilization of waste as secondary
raw materials in production processes after undergoing physical and/or chemical processing, while reutilization is de-
fined as the reuse of wastes without undergoing any additional processes other than cleaning, until they complete their
economic lifespan (Gtiler, 2008). Recovery, on the other hand, refers to the reuse, the extraction of primary or secondary
raw materials, or the conversion into energy of solid wastes through physical, chemical and biological methods. Reco-
very is a broad concept that encompasses recycling and reutilization (Yaman, 2007).

Separately sorting recyclable materials at their source is important not only for ensuring that recycling activities are
economically viable, but also for facilitating the design and operation of recycling facilities. For this reason, it is impe-
rative for recycling activities to include the sorting of wastes at their source (Bayer, 2008).

The environmental aspect of sustainable growth requires countries to make conscious and well-planned utilization
of their natural wealth in order to ensure the prosperity of their societies and future generations. Environmentally-cons-
cious societies are comprised of individuals who are knowledgeable about their country’s environmental and natural
wealth, who are aware of the need for sustaining these sources of wealth, and who act accordingly by assuming an active
role in implementing environmental measures (Hungerford and Volk, 1990; Sander, Jelemenska and Kattmann, 2006).
Raising individuals who are conscious about the environment, the utilization of natural wealth and sustainability is only
possible through an environmental education which begins in elementary school, and enables students to become envi-
ronmentally-aware and to develop a sense of responsibility towards nature; such an education need to be provided by
teachers possessing the necessary skills and awareness to transform sustainability into a life-style (Lord, 1999; Moseley,
Reinke and Bootout, 2002; Slingsby and Baker, 2003).

In science education, using tangible teaching materials is both necessary and important for ensuring that scientific
knowledge are properly understood by students. Models play an essential and versatile role in support science education
(Justi and Gilbert, 2002; Saari and Viiri, 2003; Oh and Oh, 2011). Models, which occupy an important place in edu-
cation, are simplified representations of physical entities that are too small, too large or too complex to be understood
directly, or which lie beyond the human senses. Models can be used for notions, objects, evets, systems or processes
(Gilbert, Boulter and Rutherford, 1998a). Models assume the important function of defining, describing and predicting
natural events, and allowing scientific concepts to be shared with others (Gilbert, Boulter and Rutherford, 1998b; Oh
and Oh, 2011). Models are used to developed simpler versions for objects and concepts, to better visualize events, and
to provide explanations to scientific phenomenon (Gilbert, Boulter and Rutherford, 1998a; Coll, 2006).

Considering that models as well as model-support teaching activities occupy an important place in educational prog-
rams, a proper understanding of models is important for ensuring effective scientific education. In this context, this study
aimed to have science teacher candidates developed models for teaching the subjects of recycling, reutilization and
recovery of wastes. This study where science teacher candidates were required to form models for teaching the subjects
of recovery, recycling and reutilization will contribute to developing teacher candidates’ understanding of models, while
also providing further data and depth to the literature on this subject.

2. Methodology

The study was performed using a general screening model, which is defined as a model where an entire population
consisting of numerous elements, or a group, specimen or sample obtained from this population, is subject to screening
in order to obtain a general opinion about this population (Karasar, 2011). The study group consisted of a total of 30
voluntarily participating third-year and fourth year students attending the Science Education Department of an Educa-
tion Faculty at a public university in northern Turkey. When forming the study group, the purposeful sampling method
was used to ensure that the individuals constituting this group would have similar and matching features (Cristensen,
Johnson and Turner, 2015). The participating science teacher candidates were divided into groups of three and four, and
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these groups were asked to develop models that would be used for teaching the reutilization of waste materials.

The models developed by the teacher candidates during the study were analyzed using the descriptive analysis met-
hod. In the descriptive analysis method, obtained data are summarized and interpreted according to pre-defined themes.
The purpose of this analysis is to present data to the readers in an organized and interpreted format (Y1ildirim and Sim-
sek, 2011). In this study, we analyses the types of waste materials the teacher candidates used in their models; the pro-
cesses they described for these waste materials; and the main message emphasized in these models. We then calculated
the frequency of the main and sub-categories within these models.

3. Results
Models developed by the science teacher candidates that emphasized reutilization are shown in Figures 1 to 4.

Teacher candidates in group 1 developed a model based on plastic water bottles. Their model involved shaping small
plastic bottles into fruits and a large plastic bottle into a fruit basket, which were then painted. The model illustrated that
waste plastic bottles can be reutilized for different purposes. The model developed by the teacher candidates is shown
in Figure 1.

Figure 1. Model Prepared by Group 1

Teacher candidates in group 2 developed a model where they used plastic bottle caps to make a vase. The model
developed by the teacher candidates is shown in Figure 2.

Figure 2. Model Prepared by Group 2

Teacher candidates in group 3 developed a model where they reused plastic water bottles, pieces of Styrofoam and
waste paper to create a night lamp. With this model, the teacher candidates illustrated that many waste materials can be
reutilized by, for example, being converted into the shape of a night lamp. The model developed by the teacher candi-
dates is shown in Figure 3.

Figure 3. Model Prepared by Group 3

Teacher candidates in group 4 developed a model where they reused waste batteries, cardboard and paper of different
sizes to form chess pieces, by taking into account the different size and feature of each chess piece during this process.
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The model developed by the teacher candidates is shown in Figure 4.

Figure 4. Model Prepared by Group 4
Models developed by the science teacher candidates that emphasized recycling are shown in Figures 5 to 8.

Teacher candidates in group 5 designed waste containers for glass, paper and plastic. With this model, the teacher
candidates emphasized the need to sort glass, plastic and paper wastes at their source. In this model; paper, pieces of
glass and plastic water bottles were placed in waste containers for paper, glass and plastic, respectively, and it was also
emphasized that, after sorting and collection, the paper, glass and plastic wastes are processed in recycling facilities to
provide a new product. The teacher candidates symbolized the new products obtained through recycling by using glas-
ses, paper and uniforms in their model. The model developed by the teacher candidates is shown in Figure 5.

Figure 5. Model Prepared by Group 5

Teacher candidates in group 6 developed a model that highlighted recyclable wastes and the recycling symbol. The
teacher candidates drew a recycling symbol on a cardboard plate, and formed the arrows of the recycling symbol by
using and attaching glass, plastic and paper. The model developed by the teacher candidates is shown in Figure 6.

Figure 6. Model Prepared by Group 6

Teacher candidates in group 7 developed a model with two different recycling facilities. The teacher candidates used
pieces of waste paper, glass and plastic to represent the materials undergoing recycling, and to also symbolize the new
paper and bottle products obtained through recycling. The model developed by the teacher candidates is shown in Figure
7.
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Figure 7. Model Prepared by Group 7

Teacher candidates in group 8 developed a model that represented how wastes are thrown into recycling containers
by consumers following use, then collected by a waste collection vehicle, sorted according to the type of waste, pro-
cessed in the recycling facility, and finally converted into a new product and sold. The teacher candidates explicitly
illustrated in their model that sorting is performed at the source by the consumers, before the wastes are taken to the
recycling facility by waste collection vehicles. The model also showed a recycling logo with a picture of the earth at its
center, thus underscoring the importance of recycling for the earth. The model developed by the teacher candidates is
shown in Figure 8.

Figure 8. Model Prepared by Group 8

The types of wastes used by the participating teacher candidates in their models is shown in Graph 1.

Type of wastes

O R, N W b U1 OO N

f

M Plastic M Paper-cardboard M Glass M Battery

Graph 1. Types of waste materials used in the models

An evaluation of Graph 1 reveals that all of the science teacher candidates used solid waste materials in their models.
The most frequently used materials in the teacher candidates’ models were plastic and paper-cardboard. In addition, one
of the models also made use of waste batteries.

The types of processes for waste materials emphasized by the teacher candidates in their models is shown in Graph 2.
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Type of processes
10

f

B Recovery M Recycling M Reutilization

Graph 2. Types of processes for waste materials emphasized in the models

An evaluation of Graph 2 reveals that all of the science teacher candidates highlighted recovery in their models. In ad-
dition, four of the teacher candidates’ models also highlighted recycling, while the four other also highlighted reutilization.

The messages emphasized in the models of the participating science teacher candidates are shown in Graph 3.

Massage emphasized in the models

f

O P N W b U1 OO N 0 O

B Reutilization
B Collection of wastes at their source and origin
Recycling

B Importance of recycling for the world

Graph 3. Message emphasized in the models

An evaluation of Graph 3 indicates that, in their models, the science teacher candidates mainly emphasized the reuse
of waste materials for different purposes and the recycling of wastes. In addition, there was also a single model empha-
sizing the collection of wastes at their source and origin, and the importance of recycling for the world.

4. Conclusions

In this study, teacher candidates developed models that highlighted the reuse of wastes as teaching materials for
describing the subject of recovery and recycling. In the models developed by the teacher candidates on reutilization;
plastic and paper-cardboard wastes were used along with waste batteries to form fruit baskets, chess pieces, night lamps
and flower pots.

Two of the models developed by the science teacher candidates represented, or symbolized, the entire recycling
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process beginning with the collection of waste materials in recycling containers, followed by processing in recycling
facilities, and ending with the formation of a new product through recycling. In only two of the models was the recycling
symbol used, while one of the model highlighted the need for consumers to sort wastes before disposing them. These
three models thus made mention of recyclable wastes.

In their models, the science teacher candidates used solid wastes such as paper-cardboard, plastic, glass and batteries,
with plastic and paper-cardboard wastes being the mainly used materials. It was noteworthy that none of the teacher
candidates used metal or composite wastes in their models. In addition, all of the teach candidates’ models expressed the
message that waste materials can be reused for different purposes.

The importance of recycling and reutilization can be better understood in light of the fact that the amount of waste
generated by human activities is rapidly growing and posing a increasing threat to the environment, and the fact that all
natural resources are ultimately finite. Ensuring sustainable growth is of vital importance, and to leave a livable world
for future generations, it is crucial that we provide education on such essential matters starting from an early age. Pre-
vious studies have demonstrated that the use of models in education is an effective mean for ensuring meaningful and
lasting learning (Frederiksen, White and Gutwill, 1998; Barab, et al., 2000; Gobert and Pallant, 2004). For this reason,
we believe that using educational models on the subjects recovery, reutilization and recycling at every level of education
is important for raising environmentally-conscious individuals.
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