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ABSTRACT

ASSESSING PRE-SERVICE SCIENCE TEACHERS’ SYSTEMS
THINKING SKILLS USING REAL LIFE SCENARIOS

Oztas, Melike
M.S, Department of Elementary Science and Mathematics Education
Supervisor  : Prof. Dr. Ceren Oztekin

Co-Supervisor: Prof. Dr. Gaye Teksoz

February 2018, 176 pages

The main purpose of this study is to investigate pre-service science teachers’
systems thinking skills with using a real-life scenario as an assessment tool.
The nine systems thinking skills defined in this research were discussed in
terms of sustainable development. Participants were expected to comprehend
integrated nature of environmental, economic and social aspects of this concept
in a systemic perspective. Therefore, the real-life scenario used for assessment
was selected related with sustainable development. Data collection procedure
was conducted with six senior pre-service teachers from the elementary science
education department of a public university in Turkey. Their interpretations on
the real-life scenario were acquired through semi-structured interviews. Data
obtained from each participant was discussed separately in this multiple case
study. Interviews were analyzed by using the rubric developed for systems

thinking skills discussed in the present research.
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This study intended to provide an insight for assessment of systems thinking
skills and to inspire educators interested in sustainable development. Findings
showed that participants’ systems thinking levels were changing in a
nonhierarchical order and connected with the personal experiences.
Additionally, it was observed that real life scenarios provide an in-depth
information to participants for discussion. Moreover, it was noticed that there
Is a weak conception about sustainable development among the participants.
While commenting on the scenario, environmental aspect was emphasized
more than the other two aspects of sustainable development. In general, this
study revealed that real-life scenarios are effective tools in assessment of
systems thinking skills.

Keywords: Systems Thinking, Real-life Scenarios, Sustainable Development,

Pre-Service Science Teachers
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FEN BILIMLERI OGRETMEN ADAYLARININ SISTEMSEL DUSUNME
BECERILERININ GERCEK YASAM OYKULERI KULLANILARAK
DEGERLENDIRILMESI

Oztas, Melike
Yiiksek Lisans, Ilkdgretim Fen ve Matematik Alanlar1 Egitimi
Tez Yoneticisi : Prof. Dr. Ceren Oztekin

Ortak Tez Yoneticisi: Prof. Dr. Gaye Tekso6z

Subat 2018, 176 sayfa

Bu calismanin amaci fen bilimleri 68retmen adaylarinin sistemsel diistinme
becerilerinin degerlendirilmesinde gergek yasam Oykiilerinin  kullanimini
incelemektir. Bu caligmada literatiirde tanimlanan dokuz sistemsel diisiinme
becerisi siirdiiriilebilir kalkinma baglaminda ele alimmuistir. Katilimcilardan
sirdiiriilebilir kalkinma kavramini olusturan ¢evre, ekonomi ve toplum
boyutlariin biitiinlesik yapisint sistemsel bir bakis acisiyla agiklamalari
beklenmektedir. Bu nedenle, degerlendirme amaciyla kullanilan gergek
Oykiiniin siirdiirilebilir kalkinmayla iliskili olmasina dikkat edilmistir. Veri
toplama siireci bir devlet liniversitesindeki alt1 son sinif fen bilimleri 6gretmen
aday1 ile yiriitilmistir. Katilimcilarin gercek yasam Oykiisii hakkindaki

yorumlar1 yar1 yapilandirilmig goriigmelerle elde edilmistir.
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Bu c¢oklu durum c¢alismasinda her katilimcidan elde edilen veriler ayri
basliklarda incelenmistir. Goriismeler ile elde edilen veriler, bu ¢alismada ele
alman sistemsel diisiinme becerileri icin gelistirilen bir rubrik kullanilarak
analiz edilmistir.

Bu aragtirma, sistemsel diistinme becerilerinin degerlendirilmesi ile ilgili bir
fikir olusturmay1 ve siirdiiriilebilir kalkinma ile ilgilenen egitimcilere ilham
vermeyi hedeflemektedir. Bulgular, katilimcilarin = sistemsel diisiinme
becerilerinin hiyerarsik olmayan bir diizende degistigi ve kisisel deneyimlerine
bagl olarak degistigi gozlemlenmistir. Dahasi, katilimcilarin stirdiirilebilir
kalkinma hakkinda zayif bir kavrayisa sahip olduklar1 gézlemlenmistir. Ger¢ek
yasam Oykiisii lizerine yapilan ¢ikarimlarda siirdiiriilebilir kalkinmanin gevresel
boyutu diger iki boyutundan daha fazla vurgulanmistir. Sonug olarak, bu
arastirma gercek yasam Oykiilerinin ele aldiklar1 konu hakkinda katilimcilara
genis bir bilgi sundugunu ve sistemsel diisiinme becerilerini dlgmede etkili

araglar olduklarini géstermistir.

Anahtar Kelimeler: Sistemsel Diisiinme, Gergek Yasam Oykiisii,

Siirdiiriilebilir Kalkinma, Fen Bilimleri Ogretmen Adaylari
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CHAPTER1

INTRODUCTION

1.1.Background Information

Modern world presents important complex systemic structures for everyday
life in various contexts such as ecology, economy or society. The sophisticated
structure of these systems provides development of new perspectives and
methodologies for every part of the society that is affected by the dilemmas of
the 21% century. (Jacobson & Wilensky, 2006; Lesh, 2006). These complex
systems include many integrated sublevels. Building a network of relationships
among these sublevels is required for comprehension of the complex systems.
However, the connections between these sublevels are not necessarily
apparent. This character of the complex system makes perception of them
problematic (Hmelo-Silver & Pfeffer, 2004). The complex systems are
characterized in terms of their patterns, cyclic nature, integrated structure; and
interactions among the elements of the system. In addition, components of the
system can also have a systemic structure inside themselves (Goldstone &
Wilensky, 2008; Herbert, 2006). Even though interpretation of complex
systems might be struggling, their comprehensive nature provides researchers
to study complex systems in different fields of research ranging from social
sciences to earth sciences including subjects like business, sociology,
environment, engineering, biology, chemistry, physics or medicine (Hmelo-
Silver & Azevedo, 2006; Jacobson & Wilensky, 2006).
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In the field of education, study of complex systems provides a shift in
understanding scientific phenomena by developing unique perspectives and
frameworks which connect different scientific disciplines such as physics,

chemistry, biology and social sciences. (Jacobson & Wilensky, 2006).

In science education complex systems are common, mainly because scientific
knowledge forms with different constituents from different scientific practices.
Instead of separated set of facts, science works in a collaborative way. This
brings the necessity to gather knowledge from different sources in order to
establish new information. On the other hand, textbooks present information as
fragmented set of knowledge are not successful to develop a sense of complex

systems in learners’ minds (Liu & Hmelo- Silver, 2009).

It was asserted that a complex systemic comprehension can only be constructed
when there is a network of interrelated components from different levels of the
system. Nevertheless, mostly students are facing with explanations of complex
systems as linear structures without noting the connections (Hmelo, Holton, &
Kolodner, 2000; Hmelo- Silver & Pfeffer, 2004).

Systems thinking produces a path for understanding such complex systems as
connected body of elements in a cyclic and integrated nature (Hung, 2008).
Building systems thinking skills (STSs) enables to deal with large amount of
knowledge and improves decision making abilities of students (Raved &
Yarden, 2014). Wylie, Sheehy, McGuinness and Orchard (1998) pointed out
several descriptions of systems thinking. In the literature, systems thinking skill
was defined as knowing of the fact that world is composed of interrelated and
interacted components which forms a deep unifying structure. National
Research Council (NRC) also reported systems thinking as one of the 21°%
century skills in education. Systems thinking was defined as the ability to
comprehend the “big picture” of a system, including the analysis, the

evaluation and reasoning about the elements and operation of these elements in



the system. It is a critical thinking skill for both scientists and citizens that help
to discover the problems related to science & environment and develop
answers to them (NRC, 2010).

In general, systems thinking was classified as a high level cognitive ability
(Hung, 2008; Lee, 2015; Zoller, 2011). As a higher order thinking skKill,
systems thinking helps one to conceive different parts, the interactions between
these parts, the entire process ongoing as a result of these interactions and the
whole system. It is a cognitive skill to broaden the ordinary perception of the
phenomena and facilitating the comprehension of complicated interactions,
complex systems and the complications occurring inside these systems (Zoller
& Nahum, 2012). If there is a successful understanding of the relationships and
the cycle within the system, one will be able to provide possible treatments

with their outcomes to the problems in the system (Wylie et. al., 1998).

Ben-Zvi Assaraf and Orion (2005), proposed a model for systems thinking
called Systems Thinking Hierarchy (STH) Model. The authors defined eight
systems thinking skills (STS) for students in the context of earth systems.
Systems thinking skills were ordered according to their development sequence
in students’ minds. These eight systems thinking skills and levels are presented

in Table 1.1.



Table 1.1: Systems Thinking Hierarchical Model (Ben-Zvi Assaraf & Orion,
2005, p.523)

System Thinking Skills

Levels

1-

The ability to identify the components of a system
and processes within the system.

Analysis of system
components

The ability to identify simple relationships between
or among the system’s components.

The ability to identify dynamic relationships within
the system.

The ability to organize the systems’ components,
processes, and their interactions, within a
framework of relationships.

The ability to identify cycles of matter and energy
within the system—the cyclic nature of systems.

Synthesis of system
components

The ability to recognize hidden dimensions of the
system—to understand natural phenomena through
patterns and interrelationships not seen on the
surface.

The ability to make generalizations—to solve
problems based on understanding systems’
mechanisms.

The ability to think temporally: retrospection and
prediction. Understanding that some of the
presented interaction within the system took place in
the past, while future events may be a result of
present interactions.

Implementation

In the context of science education, systems thinking was studied in various

subjects including: earth systems (i.e., water cycle, carbon cycle, rock cycle)
(Ben-Zvi Assaraf & Orion, 2005; Gudovitch & Orion, 2001; Kali, Orion &
Eylon, 2003; Scherer, Holder, & Herbert, 2017; Sibley et al., 2007); biological

systems, such as human body systems, pollination, ecosystem (Eilam, 2012;

Evagorou, Korfiatis, Nicolaou, & Constantinou, 2009; Golick, Dauer, Lynch &
Ingram, 2017; Liu & Hmelo- Silver, 2009; Hmelo- Silver, Marathe, & Liu,
2011; Raved & Yarden, 2014; Riess & Mischo, 2010); Verhoeff, Waarlo &
Boersma, 2008) and sustainability (Nguyen &. Bosch, 2013)
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1.2.Systems Thinking and Sustainable Development

Complex problems of 21% century have also been addressed in the sustainable
development literature. Orr (2004), drew attention to the valuable concepts that
are threatened for future like climate, natural resources, biodiversity. He noted
that none of these challenges that the world has faced today were resulted from
the actions of the uneducated people and he declared a need of change in

education.

In order to discuss sustainable development in the context of education, it is
worthwhile to comprehend the meaning of sustainable development. The
definition of sustainable development that was presented in the Brutland
Report is:

“Sustainable development is the development that meets the needs of the
present without compromising the ability of future generations to meet their

own needs” (United Nations General Assembly, 1987, p. 43).

This general definition implies development in different fields. Denoting
“economic development, social development and environmental protection”, as
three pillars of sustainable development made it possible to form a concrete
definition of this subject. It is important to note that environment, economy and
society propose an interdependent structure to achieve sustainable development
(United Nations, 2002). In 2005, UNESCO, gave detailed explanations for

these three concepts:

“Society: an understanding of social institutions and their role in change and
development, as well as the democratic and participatory systems which give
opportunity for the expression of opinion, the selection of governments, the
forging of consensus and the resolution of differences.

Environment: an awareness of the resources and fragility of the physical
environment and the effects on it of human activity and decisions, with a
commitment to factoring environmental concerns into social and economic
policy development.



Economy: a sensitivity to the limits and potential of economic growth and
their impact on society and on the environment, with a commitment to assess
personal and societal levels of consumption out of concern for the
environment and for social justice.” (UNESCO, 2005, p. 5)

In 1992, United Nations (UN) published Agenda 21. In this document,
education was remarked as one of the key components of sustainable
development (UNCED, 1992). After this publication, all UN declarations on
sustainable development pointed out that education is the key part of the
change (UNECE, 2004). Thereby, “Education for Sustainable Development”
(ESD), has emerged as a critical issue and became an educational strategy to
increase the awareness in environmental problems and sustainability. United
Nations Economic Commission for Europe (UNECE), declared the “UNECE
Regional Strategy on ESD” in 2005 “High-Level Meeting of Environment and
Education Ministries” with delegates from 40 countries, including Turkey. The
UNECE strategy document asserts that Education for Sustainable Development
increases the ability of countries, organizations and citizens to think critically
and make decisions regarding sustainable development. The strategy suggests
that ESD includes key elements for sustainable development into the process of
teaching and learning. Nevertheless, those key issues extend from
environmental protection to biological diversity and economy to production. It
is important to note that this strategy also involves motivating learners to alter
their behavior and act in the issues in sustainable development with developing
critical thinking skills, decision making abilities and an insight of future
(UNECE, 2005).

Accordingly, the integrated nature of sustainable development requires a
complex thinking scheme to complete understanding of the concept.
Connecting the environmental, economic and social subsystems of the
sustainable development arises the need of systems thinking. Systems thinking
has a potential to shape one’s mind to find out the countless connections
among these three concepts (Wheeler, 2000). The connection between

sustainable development and systems thinking offers an implementation in
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Education for Sustainable Development. Acquiring an insight on complex
systems of environment, economy and society; recognizing the relationships
between these systems and the constraints of change of these systems; and the
general image of these three systems offers a solution for ESD to reach its goal
(Byrne, 2000).

Individuals’ ability to perceive dynamic and systemic character of complex
global problems is highly related with their thinking abilities and requires
developing a deep insight on complex problems from both local and global
contexts. So, systems thinking offers a way for improving the perception of the
entire world as a system (Wylie et al. 1998). Additionally, it is important to
raise students as citizens who are able to understand the reason behind complex
global problems and produce solutions for a sustainable future. In order to
reach this goal, students need to develop a perception that enables them to find
out inner connections between the components of the natural and human-made

systems around them and create a whole view (Ben-Zvi Assaraf, 2004).

The research related to ESD and systems thinking has been dealing with
variety of samples; such as, students (Batzri, Ben-Zvi Assaraf, Cohen & Orion,
2015; Ben-Zvi Assaraf & Orion, 2005; Ben-Zvi Assaraf & Orion, 2010; Eilam,
2012; Evagorou et al., 2009; Shepardson, Roychoudhury, Hirsch, Niyogi, Top,
2014) and teachers (Ateskan & Lane, 2017; Karaarslan, 2016; Schuler, Fanta,
Rosenkraenzer & Riess, 2017; Lee, 2015). Because systems thinking was
classified as a higher order thinking skill the teachers’ role in the
implementation of systems thinking into the ESD is highly influential. Besides,
for teachers, “the ability to think about systems” is one of the skills to be
effective ESD educators (McKeown, 2002). It is stated that the science
educators who perceive science from a more detailed and surrounding point of
view and consider the social and scientific values together are considerably
more qualified in ESD (Hart, 2007).



The role of teacher education is vital in this context. It is found that ESD for
teachers creates a vision on both environmental and social challenges of the
21% century (Nolet, 2009). Even though student teachers are attending courses
on sustainability to construct a basis for perceiving ESD, their systems thinking
skills are still shows a weak progression (Foley, Archambault, & Warren,
2015). The undergraduate courses in the education faculties need
improvements to reform the linear curriculum and concentrate on process and
interactions (Egger, Kastens, & Turrin, 2017). For example, an attempt to
improve systems thinking skills of science teachers, Karaarslan (2016)
designed an outdoor course and presented twelve systems thinking skills in the
context of sustainable development course (see Table 1.2).

Table 1.2: Systems Thinking Skills (STSs) (Karaarslan, 2016, p. 10)

STS1 Identifying aspects of sustainability

STS 2 Seeing nature as a System

STS3 Identifying components of a system

STS4 Analyzing interconnections among the aspects of sustainability

STS5 Recognizing hidden dimensions

STS 6 Recognizing own responsibility in the system

STS7 Considering the relationship among past, present and future

STS8 Recognizing cycling nature of the system

STS9 Developing empathy with other people

STS10  Developing empathy with non-human beings

STS11  Developing a sense of place

STS 12  Adapting systems thinking perspective to one’s personal life

Framework for the currently presented thesis was adopted systems thinking
skills from both Ben-Zvi Assaraf (2005)’s STH model and Karaarslan (2016)’s
STSs.



There are different assessment techniques for systems thinking used in
previous research. Concept maps, interviews, cyclic thinking questionnaire,
drawings, word associations, repertory grids, ecology system inventory essays,
case study analysis, rubrics and systems thinking scale (Ateskan & Lane, 2017;
Ben-Zvi Assaraf & Orion, 2005; Brandstadter, Harms, Grossschedl, 2012;
Karaarslan, 2016; Tripto, Ben-Zvi Assaraf, Snapir & Amit, 2016) are some of

them.
1.3.Using Real Life Scenarios in Assessing Systems Thinking SkKills

One of the assessment tools for assessing systems thinking skills is real life
scenario analysis as used by Karaarslan (2016). The author reported the
usefulness of the real-life scenario as a data collection tool for systems
thinking. Moreover, Remington- Doucette, Hiller Connell, Armstong &
Musgrove (2013) also used real-life scenarios in the context of analyzing
systems thinking and emphasized the importance of the tool to provide an

insight when real experiences are not attainable.

Even though using real-life scenarios is not widespread as an assessment tool
for assessing systems thinking skills, utilizing real-life scenarios in the context
of sustainable development is quite a common practice in the field of education
for sustainable development. Erdogan and Tuncer (2009) for example, asserted
that real-life scenarios were one of the most functional tools to develop
connection with the personal experiences and the scenario. They observed that
real-life scenarios made participants to recognize the effects of the changes in
the environment. Additionally, Tilbury (2011), reported use of real-life
scenarios as an ESD pedagogy which can be used to stimulate the conversation
and initiate a critical analysis of the subject. Moreover, real-life scenarios also
appeared in Tuncay’s (2010) study in the context of environmental education
and moral reasoning. The real-life scenarios were used to measure the moral

reasoning patterns of pre-service science teachers on environmental problems.



The author asserted that this tool might help to investigate the logic,
comprehension, stance and awareness of teachers in the context of

environment.

In accordance with the above summarized literature, real-life scenarios are
used as a tool in this thesis in order to assess pre-service science teachers’

perception of sustainable development and systems thinking skills.
1.4.Purpose of the Study

This thesis aims to reveal the systems thinking levels of pre-service science
teachers and their conceptions of sustainable development with using real-life
scenarios as an assessment tool. The research questions that will be

investigated in this study are:

(1) What are the systems thinking levels of pre-service science teachers in

terms of sustainable development?

(2) What are pre-service science teachers’ conceptions of sustainable

development?

It was indicated that in teacher education there is a need for more concentrated
effort in order to make science teachers more competent in sustainability and
environment (Esa, 2010). Therefore, in this study it is hypothesized that pre-
service science teachers’ level of systems thinking skills shape their perception

of sustainable development.
1.5.Significance of the Study

The world is developing in a more and more complex and interdependent
system. On the other hand, education in schools still presenting the information
as fragmented and separate forms with making students fail to recognize

systemic conceptions. Systems thinking is a significant cognitive tool to
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analyze major issues in their environment. However, even among people with
higher educational degrees systems thinking abilities can show low ranking
(Booth Sweeney & Sterman, 2007).

Accordingly, a need in education about shifting the thinking habits is
prominent. Systems thinking addressed as a valuable tool in education.
Although it was classified as a higher order thinking skill it also provides a

b

support for changing “teaching-to-know” conception to “learning-to-think”
which promotes more critical perspective (Zoller, 2011). In addition,
comprehension of science in all disciplines requires perception of systems in
order to gain critical reasoning (Lee, 2015). National Research Council (1996),
pointed out the importance of “systems” with referring to the systematic
concepts that involves in science course with addressing that the nature around
us is works as a complex system. Learning the units with systemic
understanding helps students to perceive the basic laws of nature, theories and
models with a detailed perspective. In addition to this, the Next Generation
Science Standards (NGSS) presents systems thinking as one of the crosscutting
concepts, as a tool for understanding main ideas in an advanced vision and
construct a base knowledge for scientific dimension of the world (Achieve,

Inc., 2013).

On the other hand, it is stated that while there are more studies issues systems
thinking abilities for students, there is not enough research understanding this
skill in teachers (Karaarslan, 2016). Therefore, the first significance of this
research is to provide an insight for understanding systems thinking skills of

pre-service science teachers.

Second significance of this study is combining ESD, systems thinking, teacher
education and sustainable development. This research can be used in
understanding the effect of systems thinking ability on conceptualizing

sustainable development. It is important to highlight how teachers develop
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their perceptions for ESD in their undergraduate education. Among the
undergraduate courses of science education, sustainable development is not a
widely studied topic as other main science topics such as physics, chemistry
and biology. Sustainable development concept is not issued in these courses,
even if it is related to the subject area. How teachers improve their
understanding about sustainable development in education is mostly related
with their personal experiences and interests. It is found that in-service teachers
have insufficient understanding of sustainable development. There is a lack of
knowledge about “sustainable development” and “education for sustainable

development” that limits in-Service teachers on that topic (Sagdic, 2013).

ESD is also a significant concept in education in Turkey. As a part of UNECE
commission, Turkey adopted the ESD policy in its national curriculum. With
an attempt to develop with an attempt to develop a curriculum that supports
education for sustainable development, the topics of “universe, living
organisms, and life, biodiversity, matter, energy and the relationship between
human and environment” were added to the science curriculum (Erdogan,
Marcinkowski, & Ok 2009). While science curriculum issues “sustainable
development” there were still criticisms about the broadness of the curriculum
on this topic. Tanriverdi (2009), results that environment concept in the
elementary education program was limited with natural environment, and
environmental protection, but social and cultural environment concepts were
ignored. In the same study, it is also noted that the quality and the quantity of
the objectives were not enough for a higher-level understanding.

In the “Sustainable Development Report: Claiming the Future”, published by
Ministry of Development in 2012; sustainable development and education were
discussed. In this report, it is stated that sustainable development and education
are closely related. Environmental awareness and sustainability concepts
included in the national curriculum in order to enable future generations can

adopt an inquiry of sustainable development into their lives. (Ministry of
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Development, 2012). Accordingly, the national curriculum published in 2013
listed sustainable development as one of the components of Science -
Technology- Environment- Society (STES) learning domain. In this
curriculum, sustainable development defined as developing consciousness
about using natural resources efficiently to meet the needs of the future
generations and consider the individual, societal, economic benefits (Ministry
of National Education, 2013). In 2017, Ministry of National Education
published the new Turkish elementary science curriculum. Although, STSE
learning domain is excluded from the current science curriculum, sustainable
development is still present among the general aims. In this section, sustainable
development defined by pointing out the interaction between people,
environment and society and the awareness of the relation inside the society,
natural resources and economy. Also, sustainable development is placed as one
of the subjects of the 8" grade. (Ministry of National Education, 2017).

The third significance of this thesis is the adopted assessment technique. A
framework for analysis of systems thinking skills of pre-service science
teachers is provided with using systems thinking skills identified in literature

and real-life scenario.

Briefly, this thesis aims to provide an analysis on systems thinking skills of
pre-service science teachers in the context of ESD by designing a real-life
scenario as an assessment technique. This study may offer a perspective for
improvement of undergraduate courses in the education faculties. With this
respect the audience of this study is academicians and researchers who are
interested in systems thinking, education for sustainable development and

science teacher education.
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1.6.Definition of the Terms

System: A system is a structure of different elements which operate in a
unified manner. Thus, changes in a single part of the system cause changes in
the whole system. This integrated and cyclic body functions in a specified
design and aim. (Ben-Zvi Assaraf & Orion, 2005)

Systems Thinking: “The ability to understand how an entire system works;
how an action, change, or malfunction in one part of the system affects the rest
of the system; adopting a “big picture” perspective on work. It includes
judgment and decision making, systems analysis, and systems evaluation as
well as abstract reasoning about how the different elements of a work process
interact” (NRC, 2010, p. 3).

Sustainable Development: “Sustainable development is development that
meets the needs of the present without compromising the ability of future

generations to meet their own needs” (United Nations General Assembly,

1987, p. 43)

Education for Sustainable Development: “ESD is fundamentally about
values, with respect at the centre: respect for others, including those of present
and future generations, for difference and diversity, for the environment, for
the resources of the planet we inhabit. Education enables us to understand
ourselves and others and our links with the wider natural and social
environment, and this understanding serves as a durable basis for building
respect. Along with a sense of justice, responsibility, exploration and dialogue,
ESD aims to move us to adopting behaviors and practices that enable all to live
a full life without being deprived of basics” (UNESCO, 2005, p. 5).
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CHAPTER 2

LITERATURE REVIEW

2.1.Systems Thinking and Sustainable Development

The first and most commonly used definition of sustainable development was
published in the Brutland Report (United Nations General Assembly, 1987).
However, since 1987, this definition changed and improved into an intersection
of environment, society, and economy. In other words, sustainable
development can be perceived as it is balanced in those three concepts to
maintain the life quality. Agenda 21 discussed ESD with emphasizing the role
of education in terms of raising awareness in people and developing a
conscious society. According to that report, education is a critical component
in enhancing the ability of people to relate environment and development
concepts (UNCED, 1992).

ESD plays an important role for developing future generations with an
understanding of sustainable development. Nevertheless, discussing only
environmental problems in ESD application creates a limited perspective. In
general, ESD is designed for a continuous learning process for learners to give
decisions in the direction of well-being, and in favor of sustainable

development with systemic and creative thinking skills (UNESCO, 2006).

When the related literature is investigated, it is noticed that there is a gap in

teacher education in terms of “sustainable development” topic. Studies reported

that pre-service teachers have insufficient understanding on sustainability and

environmental issues that should be improved during undergraduate education.
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In this regard, there is a need for designing an education program concerning

education for sustainability (Mills & Tomas, 2013).

About how teacher training should be implemented in ESD, it is stated that
“content knowledge, system thinking, emotions, values and ethics, and action
are five key components for teachers involved in ESD (Sleurs, 2008). A study
implemented with Turkish elementary science teachers, examining the
environmental awareness of pre-service science teachers, revealed that taking
environment related courses in the graduate level helps to improve beliefs and

attitude on environmental issues (Tuncer, Tekkaya & Sungur, 2006).

A content analysis study was presented systems thinking as a part of
environmental education and sustainability (Cloud 2005). The author addressed
that systems thinking is a part of sustainability and could cover the topics like
“economy, participate democracy, justice & equity and health of the
ecosystems” (p.225) that sustainable development comprises. The study
claimed that all the topics in sustainability presents a system. Therefore,

systems thinking should be used in education for sustainability.

In the study conducted by Tejeda and Ferreira (2014), systems thinking was
discussed in terms of sustainability in the field of wind energy. The authors
suggested that systems thinking develops a way of understanding for
implementing the three major components of sustainability, which are
“environment, society and economy”. They developed a systemic model to
present wind energy and the relationship between the components. They
concluded that this systematic model helps to understand the sustainability

dimensions in an energy system.

Uri Zoller (2011), studied systems thinking as an instrument for meeting the

needs of sustainability by referring to STES concept. He argued that the

increasing effort for education for sustainability requires a paradigm shift

mainly in the context of STESEP (science- technology- environment- society-
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economy- policy), in all parts of education. Systems thinking approach
provides a new conceptualization for this shift and he stated a new practice for
using higher-order cognitive skills (HOCS) promoting “learning to think”
instead of using lower-order cognitive skills (LOCS) promoting “teaching to
know”. As a higher order thinking skill, systems thinking involved in this study
for implement HOCS in science classroom. He resulted that STES
conceptualization with using HOCS for sustainability needs more practice but

is achievable.

Another article discussed the exploration of sustainable development in the
professional needs and presents a workshop program for sustainable
development in professional trainings (Martin, 2008). The author proposed
sustainable development in a context of systems thinking practice in this
workshop. He concluded that such a workshop might help to increase
organizational decision-making abilities and systemic relations within the
sustainable development agenda.

2.2.Systems Thinking in Education

Researchers in education proposes systems thinking as a solution to the
complex problems of the 21 century. Therefore, this thinking skill was
studied from different aspects.

Sleurs (2008) proposed that systems thinking supports finding interrelations
and patterns. Consequently, he discussed the complexity of the current global
problems and suggested that systemic thinking is necessary to avoid future
complications. He argued that developing systems thinking ability in teachers
helps to provide solutions to the difficulties in education for sustainable

development.
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Scherer et al. (2017) introduced a detailed content analysis study on conceptual
frameworks that are used in Earth systems education. They collected the
instructional methodologies and systems frameworks that are commonly used
in Earth system education. After reviewing 27 papers on the subject they came
up with four distinct conceptual frameworks: “Earth systems perspective, Earth
systems thinking skills, complexity sciences and authentic complex Earth and
environmental systems” (p 477). Related subtopics, limitations and strengths
were presented in this research. Authors classified “Earth systems thinking
skills” framework as the most employed framework among these four groups.
This framework stepped forward by having specific systems thinking abilities
described in “Systems Thinking Hierarchical Model” of Ben-Zvi Assaraf and
Orion (2005). In conclusion, the researchers proposed that using different
frameworks for Earth system education provides improvement of students’
understandings (Scherer et al., 2017). They also proposed an instructional
model to be used in Earth system education in a consecutive study based on
their findings (Holder, Scherer & Herbert, 2017).

As the previously described study (Scherer et. al., 2017) suggested, Ben-Zvi
Assaraf and Orion’s research (2005), is distinguished from the other papers in
the subject of systems thinking. In their research authors presented a new
curricular program, named as “Blue Planet”, issues “hydro cycle” and studied
with 50 junior high school students in eighth grade in Israel, to discover the
students understanding of the complex systems, and their capacity to cope with
systems (Ben-Zvi Assaraf & Orion 2005). They examined systems thinking in
terms of eight characteristics. They used three different Likert-type
questionnaires, drawing analyses, word association, concept map, interviews,
repertory grids and observations as research tool. The results showed that
students made progress in their systems thinking abilities during the period of
implementation. They concluded that conceptual understandings and amount of

their participation influenced students’ development in systems thinking.
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Another study conducted with fourth grade Israeli students by Ben-Zvi Assaraf
and Orion (2010), with using inquiry-based teaching method in hydro cycle
concept, was aiming to reveal whether students in elementary level can achieve
system thinking skills. Authors found out that the systems thinking ability
increased during the implementation even though students show low levels of
systems thinking skills at the beginning of the study. They argued that real life
experiences on a subject made students more competent in systems thinking
and understanding the relationships between the parts of a system. However,
they noted that most of the 4" graders could not complete all levels of STH

model because systems thinking represents a higher order thinking skill.

Accordingly, Orion (2007), discussed that activities based on earth systems are
more effective than “science for all” paradigm, and presented the holistic
approach as tool for understanding the earth systems. He stressed that
presenting Earth as a system is resulting in better learning for students than the
traditional approach.

In another study, which employed an interpretation of the Ben-Zvi Assaraf and
Orion’s (2005) model, authors explored the effect of using simulation on
improvement of systems thinking skills (Evagorou et al. 2009). The research
was conducted with thirteen elementary school students who were tested before
and after the implementation of the simulation-based learning environment.
According to their findings researchers concluded that simulations could offer
a rapid and uncomplicated procedure to experience systemic relations. Despite
this, they also noted that simulation is not enough in conceptualizing the

dynamic relations within the system.

Shepardson et al. (2014), conducted their study in the context of climate
system. Forty-two 7" grade students attended in the study with the purpose of
understanding their conceptualization of climate system. Authors argued that in

order to develop an understanding on interdependent and connected systems,

19



climate system could be a suitable example. They used different writing
prompts about climate system, greenhouse gases and global warming.
According to students’ written responses it was concluded that students mostly
conceptualize climate as a linear structure, instead of a connected body. Based
on the findings of the study and the authors proposed a conceptual model
which shows the linkages between the components of the climate system. They
argued that this model could be adopted into the curriculum and help to
challenge students to build an integrated and interconnected understanding of

climate system.

Roychoudhury et al. (2017), published another study on development of the
climate system. They designed a 9-11 weeks course program for 71" and 8%
graders, including six different topics on climate system. They developed a
questionnaire to assess the results of the implementation. The results indicated
that the implementation improves the understanding of climate in students.
Nevertheless, there was still lack of understanding for interconnectedness of
the climate system. Researchers concluded that systems thinking could be
studied in terms of curriculum development, pedagogy, assessment and teacher

education.

Eilam (2012), also discussed systems thinking in terms of learning ecology and
worked with fifty 9™ grade students to uncover their systemic understanding in
feeding relations. Results of the study indicated that students define a
comprehension of components of the system, the operations inside of it and
their roles in the system and interactions within the components. On the other
hand, the author noted that most of the students still show broken conceptions
about the issued system. He argued that systems thinking requires knowledge

about components and hidden concepts within the system.

A more recent study (Batzri et al., 2015), implemented in order to uncover the

systems thinking abilities of geology major students in terms of dynamic and
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cyclic thinking provide evidences to support Eilam’s (2012) work. The
research group composed of students from geology or physical geography
departments and students who are unrelated to geology major used as control
group. The results indicated that because geology students are aware most of
the components of the Earth systems, they are more acquainted with dynamic
relations of the systems in nature, than students who have no geology

knowledge.

Hmelo- Silver and Pfeffer (2004) studied a different perspective in systems
thinking. Even though they also argued the importance of systems thinking
approach for understanding complex systems, these authors examined systems
thinking with “structure- behavior- function (SBF) theory” and they
investigated the conception aquatic systems with their sample. In this theory,
structure represents the different parts of the system, behavior represents the
way of working within the system and function represents the task of those
parts in the system. Participants included 7" grade students, pre-service
teachers and the experts in aquatic field. This study concluded that most of the
participants were able to perceive the structures, but comprehension of

functions and behaviors are only common in experts group.

Influence of experiential knowledge in systems thinking ability also studied by
Garavito- Bermudez, Crona and Lundholm (2014). This research examined the
systems thinking abilities of fishers’ in terms of ecology and how this
knowledge is formed. Authors used the SDF framework, an adaptation of SBF
framework used by Hmelo- Silver and Pfeffer (2004), and studied with 14
fishers’ in Lake Vattern, Sweden. Findings of the study remarked the
importance of the conceptual knowledge. Even though fishers’ experience
helps them to cover the components of the system and resources in the system,
the lack of cognitive background still necessary for dealing with a complex

system.
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2.3.Systems Thinking Skills and Teachers

There are also studies present in the literature which subjects teachers and
teacher education. One of the most recent and detailed studies on systems
thinking in teacher education submitted by Karaarslan (2016). In this study
researcher introduced systems thinking as a main skill to become an education
for sustainable development educator. The gap analysis in the research
provided that systems thinking is a necessary skill to be an education for
sustainable development educator. Depending on this evidence an outdoor
course for science teacher education with mapping as measurement tools.
Findings implied that outdoor course could support the improvement of
essential systems thinking skills to be an ESD educator. On the other hand, the
systems thinking skill levels of the participants found to be dependent on their

personal backgrounds and complexity of systems thinking skills.

In another research practiced with student teachers, Schuler et al. (2017),
conducted a study which combines systems thinking and pedagogical content
knowledge. Authors proposed a model composed of four competence
dimensions on systems thinking named “Freiburg heuristic competence model”
in their article. They aimed to measure systems thinking and pedagogical
content knowledge on teaching systems thinking of teaching students. They
worked with four different groups of student teachers from biology and
geography departments for implementation. The key part of the study was
different course designs to implement systems thinking from different
perspectives, technical and didactic. With using pre-tests and post-tests, authors
concluded that there is no significant difference between these two
interventions. However, with the help of the control group they concluded that
there is a significant achievement in systems thinking of student teachers after
the implementation. Findings of the study supports the development of systems
thinking and pedagogical content knowledge in system thinking during teacher

education.
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Lee (2015), examined the relation between teachers’ use of representational
models and their levels of systems thinking skills. The study was designed as a
two-staged study with this aim. In the first stage sixty-seven in-service and
sixty-nine pre-service science teachers analyzed in terms of their cognitive
knowledge on water cycle and their systems thinking levels. The researcher
developed a rubric based on the systems thinking skills presented in the
“Systems Thinking Hierarchy Model” of Ben-Zvi Assaraf and Orion (2005).
The evidence gathered by semi-structured interviews showed that there is not a
specific difference in systems thinking levels of pre-service and in-service
teachers. However, there were struggles to achieve certain systems thinking
abilities like identifying the components, processes and connections, finding
out the hidden dimensions and humans’ influence on the system. In the second
stage, researcher investigated the in-service and pre-service science teachers’
use of visual representation in the water cycle subject. In both teacher groups it
was observed that there is not a remarkable use of visual representations. As a
result, the author made a connection between participants’ low levels of
systems thinking and poor implementation of visual representation in class. It
Is suggested that in order to raise students as systems thinker, both teachers,
competence on systems thinking and the instructional method holds an

important value.

Systems thinking competencies of teachers also issued in the paper of Ateskan
and Lane (2017). Authors presented a professional development program that
aimed to raise the systems thinking abilities of science teachers which is not
very common in the literature. Thirty-nine in-service teachers attended the
eight months long program. The implementation started with a summer
workshop which consisted of hands on activities, presentations and field trips.
As a continuation of the workshop, teachers introduced the activities they had
experienced during the workshop to their students and implemented projects in
their classroom. Pre- and post- questionnaire and concept maps were used to

measure the improvement of systems thinking skills after workshop. A rubric
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developed by Karaarslan (2016) was used in the evaluation of concept maps.
The questionnaire results indicated that workshop provided significant increase
in participants’ systems thinking skills. On the other hand, concept maps
showed that participants still not able to identify all aspects of sustainable

development.

In conclusion, it was noticed that literature on systems thinking in education
points out the gap in the systems thinking in teacher education and in-service
teaching. In general, systems thinking is encountered in studies done with
students from primary, elementary and high school, and college. Most of these
research embraces teaching practice as a divided subject from the students’
education. On the other hand, the research designs that deal with teachers
imply the absence of studies with in-service and pre-service teachers (Ateskan
& Lane, 2017; Karaarslan, 2016).

2.4.Assessment of Systems Thinking Skills

About the evaluation of systems thinking skills, literature points out several
instruments. Concept maps are one of the instruments that steps forward to
assess systems thinking. In their research, Brandstadter et al. (2012) evaluated
different concept mapping applications. One hundred fifty-four fourth grade
students and ninety-three eighth grade students were participated in the study.
Students were involved in three different types of concept mapping
applications which were “highly directed computer mapping”, “highly directed
paper-pencil mapping” and “non-directed paper-pencil mapping”. Researchers
chose concept maps as an instrument to measure systems thinking based upon
the idea that systems thinking involves conceptualization and interrelations of
the system. They found out changing medium of concept maps from paper-
pencil to computer does not have significant effect. On the other hand, giving
the students selected concepts and linking words during the concept mapping

practice has remarkable benefits.
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Similarly, Tripto et al. (2016), examined interviews as a measurement
instrument for evaluating systems thinking ability. The paper utilized the
systems thinking hierarchical model (Ben-Zvi Assaraf &Orion, 2005) into the
human body system. Authors studied with eighty-three 11" grade student in the
context of biology course. Participants interviewed both explicitly and non-
explicitly with the aim of finding out the effect of these two interviewing
methods on the measurement of systems thinking. Results of the research
indicated that explicit interviewing directs participants to find out more specific
and distinct connections in human body system. Accordingly, reflection
interviews were found to be effective instruments in terms of evaluating

systems thinking skills of students.
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CHAPTER 3

METHODOLOGY

Methodology section gives information about the structure of the study.
Research design, participants of the study, instrumentation, pilot study, main
study, data collection process, data analysis, validity, reliability and ethics, and

limitations of the study were presented consecutively in this section.

3.1.Research Design

This study aims to draw an in-depth conclusion about the Turkish pre-service
science teachers” STS levels. As Karaarslan (2016) concluded, personal
backgrounds of the participants could have an impact on their STS levels.

Therefore, in this study, they are studied as different cases.

With this recommendation in mind, case study design as a part of qualitative
research is applied in this study. It is stated that an individual, a group an
institution or an event could be studied as a case (Fraenkel, Wallen, & Hyun,
2012). Additionally, Stake (2005), defined case study as a questioning process
not only deals with the selected case, but also deals with the results of this
questioning process. Moreover, case study design facilitates to focus on
experiential knowledge and the resources this knowledge is influenced by
(Stake, 2005).

The currently presented research is designed as a multiple case study. In this
type of case study design, the cases are used for examining a general situation,
while a specific case is not at the focus of interest. The cases are used to draw a
collective conclusion instead of explaining only a single-case (Stake, 2005).
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Merriam (2009), asserts that, in multiple case studies, each case can have
common characteristics, like being part of a community or a situation.
Accordingly, in this research the six participants were selected amongst the
senior science education students from a prominent Turkish university. Each
participant was analyzed as a separate case and the data obtained from the

analysis was used for understanding STS levels of pre-service science teachers.

With investigating the several numbers of different cases, researcher might be
able to provide more compelling conclusions at the end of the study (Fraenkel
et al., 2012). In addition, Merriam (2009), also states that multiple cases
increase the validity and reliability of the results, alongside the generalizability.
On the other hand, they require large amount of time and resources (Fraenkel et
al., 2012).

3.2.Participants of the Study

For this study, six (female) pre-service science teachers were selected
purposively. Participants were members of one of the most prominent
universities in Turkey. In order to provide purposive sampling there were three

criteria considered in participant selection:

1- University: Participants were attending in the same university in
Turkey. Being part of the same university enables them to share similar

academic backgrounds.

2- Level of education: All participants were selected amongst the 4th year
students of science education department. This criterion made sure that
all of them has taken the compulsory course related to ESD.

3- Recommendation: The students who are interested in ESD were
suggested to the researcher by the instructors. Voluntary participants

were selected amongst this group.
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Participants’ ages ranged between 23 and 25. All of them have taken the
compulsory course on environmental sciences their department. In addition,
two of them have taken different elective courses also related with ESD. Also,
participants’ personal backgrounds were not considered during sampling. For
example, while one of them has been grown up in a city without any
connection with nature, another one has grown up in a house with garden and

developed conceptions on natural cycles due to her observations.

With the aim of ensuring the confidentiality of the participants’ identities,
pseudo names were used to describe participants. Table 3.1 shows the

demographic data of the main study participants.

Table 3.1: Demographic data of main study participants

Name Age Taken ESD related courses Hometown

Tuba 23  Compulsory environmental science course Small
Elective course on sustainability and education town
given by department of elementary education

Ebru 25  Compulsory environmental science course Small
town

Asli 24  Compulsory environmental science course City center

Burcu 23  Compulsory environmental science course Small
town

Yaprak 23  Compulsory environmental science course City center

Elective course on sustainability and climate
change given by department of elementary
education

Deniz 23  Compulsory environmental science course Village
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3.3.Instrumentation

A real-life scenario and associated interview questions were developed and

used as the instruments in this research.
3.3.1. The Real-Life Scenario

The real-life contexts provide better understanding of sustainable development
and increase the consciousness for self-actions (Tilbury, 2011). Besides, it was
observed that there are other studies that use the real-life scenarios (Erdogan &
Tuncer, 2009; Karaarslan, 2016). Erdogan and Tuncer (2009), mentioned that
real-life scenarios provides a perspective for developing a personal relation

with the scenario.

In this thesis, the real-life scenario was selected considering its
representativeness of sustainable development. The scenario was presenting a
news from Kizilirmak basin in Turkey. The text was developed from the
newspaper article titled as “Buffalos will save the Kizilirmak basin” (Sonmez,
2010). The researcher supported the article with additional information from
other sources to provide a wider perspective about the context. The text was
explaining the decrease in buffalo population in the Kizilirmak basin over
years. When buffalo products lost their economic value, more and more buffalo
breeders leave their profession and started to engage in agriculture. However,
the chemical that are used in agriculture and changing ecosystem due to lack of
buffalos, people in the area started to face with environmental problems. In
order to solve these problems a non-governmental organization organized a
project in the area. The project aimed to increase buffalo population with
production and marketing of traditional buffalo products, training buffalo
breeders to use technology, and organizing local festivals to increase publicity

of the Kizilirmak basin. The scenario can be found in the Appendix A.

29



This scenario was selected because it involves all aspects of sustainable
development (environmental, economic & social) and implicitly it portrays the
system in the area. It points out the environmental aspect with the emphasis on
environmental importance of buffalos and ecosystem; economic aspect with
the emphasis on the economic value of buffalo products and marketing; and
social aspect with the emphasis on traditional buffalo products and local
festivals. The scenario provides systemic connections with telling how

ecosystem changed in accordance with the decrease in buffalo population.
3.3.2. Interviews

For qualitative studies in education interviewing defined as one of the most
frequently used instruments. It could even be used as the only instrument of a
study (Merriam, 2009). As Patton (1990) indicated, interviews aim to discover
the attitudes, feelings, thoughts, plans, experiences and worldview. In other
words, the things that cannot be observed from outside. As a case study which
purposes to acquire a deeper understanding about the participants’ systems
thinking skills, in this study interviews forms the bases of data collection.
Interviewing will be used to investigate participants’ interpretation about the

real-life scenario to understand their systems thinking capacities.

Semi-structured interviews used in this thesis. This interview type is
characterized with their adaptable questions and order (Merriam, 2009). For
Patton (1990), the truly open-ended questions do not have directive wording or
dichotomous expressions. Accordingly, the interview questions in this study
were designed as implicit questions to avoid influencing participant’s answer.
Moreover, for some STSs, researcher used several different questions to gain
more insight on participant’s thoughts. In order to provide the adaptability,
questions were built as open-ended questions. The researcher arranged the
order and expressions for all questions to make sure taking necessary responses

from each interviewee.
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The interview questions were shaped in their final forms with revision of
Karaarslan (2016)’s and Lee (2015)’s interview questions, experts’ advisory
and pilot study. Two professors from science education department who were
specialized in education for sustainable development provided consulting as

experts during the study.

Six demographic questions were designed to explore on participants’ personal
background. Additionally, 20 open-ended questions, related to the real-life
scenario were designed to explore the participants’ systems thinking skills.
Within those 20 questions some questions specifically asked for certain STSs
while some of them have potential to provide evidence for every STS. For
example, the first and second questions were asked to gather a general answer
that may be used in evaluating any STS. On the other hand, there was no
specific questions defined for STS 4 and STS 5. Researcher traced evidences
for these STSs in all responses. Additionally, two of them specifically asked to
understand participants’ systems conception. An interview guide was prepared
by the researcher prior to the interviews (Table 3.2). The interview questions

can be found in the Appendix B.
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Table 3.2: Interview Guide

Interview Questions Measured Systems Thinking Skills

1- What is the main idea of this case? No specific STS measured. Answers used for
2- What do you understand/infer from this case? evaluating all STS.

3- What are the components of this case? STS 1- Identify components of a system and
4- What are the key words of this real-life case? processes within the system

5- How many small incidents related to each other in this real-life case? What STS 2- Identify relationships among the

are the headlines of them? system’s components

6- Could you draw a concept map (or picture) to show the relationships
among these components, and explain your drawing?

7- What are the effects of the changes in this real-life case? What are the
positive and negative sides?

8- Could you suggest a title for this case? STS 3- The ability to make generalizations
9- What can you say about the communication between man and environment,

based on this real-life case?

10- What can you say about sustainable development based on this case?
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Table 3.2 (Continued)

11- Could you describe the future of Kizilirmak, assuming people are
engaged in agriculture instead of buffalo farming?

12- Could this real-life case be a threat to the human life and nature, in
present and future?

13- Could the situation described in this case be a threat to the sustainable
future?

STS 6- Thinking temporally: Retrospection and
prediction

14- Would there be any effect of raising the population of water buffalo in
Kizilirmak delta? How?

15- If you were a buffalo farmer who lives in Kizilirmak delta, how would
you react to this problem?

STS 7- Developing an empathy with other people
and non-human beings

16- How would you design a project to solve the problems of the
Kizilirmak delta?

STS 8- Recognizing own responsibility in the system

17- What does Kizilirmak means to you?
18- Is Kizilirmak delta an important place for you? Why?

STS 9- Developing a sense of place

19- What is a system?
20- Can you give an example to a system? What are the features that show
that this is a system?

Answers used to analyze systems concepts of
participants.




3.4.Pilot Study

Pilot studies were conducted with five purposes: to test and develop the
interview questions, to test the effectiveness of the real-life scenario (explained
in section 3.3.1.), to determine the STSs for the research, to help development
of rubric for analysis and finally allow researcher to practice the interviewing

process.

Pilot interviews were held during the spring semester of 2015-2016 academic
year. Three (two females, one male) 4th year, pre-service science teachers from
the education faculty of the same university volunteered to participate in pilot
interviews. For each participant, interviews took one hour approximately.
Interviews were audio recoded with the permission taken from interviewees.
Audio-recordings were transcribed and analyzed to evaluate the selected real-
life scenario, the interview questions, and the STSs initially selected for the

research. Expert opinions were taken during that evaluation process.

Ultimately, continuing to the main study with the selected scenario is
determined. In terms of gaining more clear responses from the participants,
some additions and removals made into the interview questions and STS.
While there were eight STSs and 14 interview questions initially in the study,
there were nine STSs and 20 interview questions defined after pilot interviews.
In addition, the analysis rubric for STSs also developed in the light of pilot

results.
3.5.Main Study

After pilot study, instruments and data analysis tools were revised and gained
their final forms. The instruments used in the main study were explained in the
section 3.3. The participants explained in the section 3.2 were participated in
the main study. Following sections are explaining the data collection and data
analysis procedures of the main study.
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3.6.Data Collection

Merriam (2009) noted that in qualitative research, researcher is the principal
instrument. Accordingly, in this study, researcher participated in the all data

collection process and conducted all interviews in person.

Main study interviews were conducted during the spring semester of 2016-
2017 academic year. Conducting the interviews at the end of the last semester
of undergraduate study, enables researcher to make sure that all participants
have taken the mandatory courses of their department. Interview process took

five days with approximately one hour for each participant.

Before every interview all participants were signed a volunteer participation
form which gives brief information about the study and notes that they have a
right to quit the interview if there is a disturbing question. Also, they were

asked for their consent for audio recording of interviews.

Interviews were conducted in a quiet and comfortable place to provide
participants a relaxed environment. Additionally, in order to get accurate
responses from participants, real-life scenario and interview gquestions was

presented in Turkish, native language of all participants.

At the beginning of the interviews the real-life scenario was given to the
participants. After they read the text and ready to interview, participants were
asked the six demographic questions, 20 open-ended questions related with the
nine systems thinking skills. Even though there is an interview guide prepared
by researcher, by the nature of semi-structured interviews, sometimes
participants made statements about some STSs in different questions other than

corresponding questions.
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3.7.Data Analysis

Data obtained from the interviews were analyzed in consideration of systems
thinking skills defined in the research with using the rubric developed for this
study. For analysis, each interview was transcribed, and transcriptions were
reviewed number of times. Interview transcripts were used for coding,
regarding the systems thinking skills. Coding was performed with the using the
categories and definitions for each STS (Table 3.3).

Following two sections provide explanations for the nine systems thinking
skills measured in the research and the data analysis rubric developed based on
these nine STSs.

3.7.1. Systems Thinking Skills Measured in the Research

The systems thinking skills defined and measured in this research determined
according to the pilot interviews and expert opinions. Eventually, nine STSs
are decided to be employed. This research initially set its basis on Ben-Zvi
Assaraf and Orion’s “The Systems Thinking Hierarchical Model” (2005). In
this model, authors presented eight systems thinking characteristics and divided
them into three levels hierarchically. The pilot interviews were used to revise
the suitability of these eight skills to the given sustainable development
scenario. Accordingly, it is observed that 3" skill: “the abilty to identify
dynamic relationships within the system” and 4™ skill: “the ability to organize
the systems’s components, processes and their interactions within a framework
of relationships” of Ben-Zvi Assaraf and Orion’s model are unsuitable for the
context of sustainable development. Furthermore, in the light of the responses
of the pilot study interviews, it was decided to employ the sixth, ninth, tenth,
eleventh systems thinking skill identified by Karaarslan (2016). However, the
ninth and tenth skills, which are “developing empathy with other people” and
“developing a sense of place” was adopted as a single STS for this study. As a

result, there were nine systems thinking skills defined for the main study.
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The first skill, “identify components of a system and processes within the
system” has been adapted from Ben-Zvi Assaraf and Orion (2005)’s model.
Ben-Zvi Assaraf and Orion (2005) presented this STS as the ability to
identifying components of the water cycle. It is implemented in the current
study as ability to identifying components of sustainable development (which
are categorized as environmental components, economic components and

social components) in the given scenario.

The second systems thinking skill, “identify relationships among the system’s
components”, has been defined in Ben-Zvi Assaraf and Orion (2005) as the
recognition of the connections between different components of the water
cycle. The researcher adapted this skill into the current study as finding out the

relationships between different components of sustainable development.

The third skill is “the ability to make generalizations”. Ben-Zvi Assaraf and
Orion (2005), described this skill as the ability to implement the system’s
characteristics into different contexts. Accordingly, in this research participants
are expected to generalize the components of the given scenario, considering
environmental, economic and social aspects of sustainable development. For
example, the local water pollution told in the scenario, may be connected to
global water problems.

The forth skill “understanding hidden dimensions of the system”, is explained
by Ben-Zvi Assaraf and Orion (2005), as the ability to identify components and

connections that are not presented explicitly.

The fifth skill “the ability to understand the cyclic nature of the systems” is
indicates that the world is composed of cyclic relations and systems are
presentations of these cyclic relations (Ben-Zvi Assaraf & Orion 2005). In the
original study the Ben-Zvi Assaraf and Orion defines the natural cycles, i.e.

water cycle, carbon cycle, as systems in nature. Researcher used this skill as

37



understanding the cyclic relations amongst the environmental, economic and

social aspects of sustainable development.

The sixth skill “thinking temporally: retrospection and prediction” is also the
last skill obtained from Ben-Zvi Assaraf and Orion (2005)’s model. This skill
indicates the recognition of the interactions of present, past and future
interactions. For this research participants are expected to predict future
influences of the scenario, in terms of the three aspects of sustainable

development.

The seventh skill “developing an empathy with other people and non-human
beings” is adopted from the Karaarslan (2016)’s research. In the original study,
this skill was presented in two different skills; which are “developing empathy
with other people” and “developing empathy with non-human beings”. These
two skills emerged from the need of understanding the perspectives of others
(Karaarslan, 2016). As stated by Karaarslan (2016), systems thinking can be an
approach to develop empathy with components of the system, which are both
people and non-human beings. Considering the findings of the pilot interviews,
researcher also find useful to add the empathy skills into current research.
However, the context of the selected scenario is not appropriate to evaluate
them individually. Therefore, empathy skills of Karaarslan (2016), transferred

into this research as a single system thinking skill.

The eight skill is “recognizing own responsibility in the system”. This skill was
adopted from Karaarslan (2016)’s study. It was described as recognition of the
personal role in the global issues, and ready to take action for solutions to these
issues. Because this skill includes personal choices and responsibilities, it is
also related with how participants make personal connections with the global

problems.
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The last skill, “developing a sense of place” was also identified by Karaarslan
(2016). It is the ability to identify different dimensions of the place. It was
adapted from the Ardoin (2006)’s study about defining a place considering
different meanings that are biophysical, political, psychological and socio-
cultural contexts. All these different dimensions of the place are interconnected
as stated by Karaarslan (2016). It is found relevant with the current research
because the presented scenario was built on a specific place.

For all these nine systems thinking skills researcher presented categories and
definitions in the context of sustainable development. They are presented in the
Table 3.3.

3.7.2. Rubric Development

After determining the STSs and real-life scenario a rubric was developed to
determine the STS levels of pre-service science teachers. During the rubric
development researcher used the responses of the pilot interviews, relevant

literature and opinions of two experts on ESD.

For each systems thinking skill, three levels were determined; Level 1, Level 2
and Level 3. Necessary requirements to achieve each level were explained
explicitly in the rubric. The rubric is presented in Table 3.4.
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Table 3.3: Systems Thinking Skills, Categories and Definitions

STS

Category

Definitions

STS 1- Identify
components of a
system and processes
within the system

Components
Environmental components
Social components
Economic components

Environmental components include issues
like; natural resources (water, energy,
agriculture and biodiversity), climate change,
disaster preventions, rural development,
sustainable urbanization, disaster prevention,
mitigation

Social components include issues like;
human rights, gender equity, cultural
diversity

Economic components include issues like;
poverty, corporate responsibility &
accountability, market economy (UNESCO,
2006; Karaarslan, 2016).
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Table 3.3 (Continued)

STS 2- Identify
relationships among
the system’s
components

Connections

Connections between environmental components
Connections between social components
Connections between economic components
Connections between environmental and economic
components

Connections between environmental and social
components

Connections between economic and social components
Connections between environmental, economic and
social components

To find out the connections between
different components derived from the
scenario and explain how they influence
each other. They can be directly pointed
out in the text or not. For this scenario the
effect of water pollution on buffalo
farming, or relation between occupation
and education might be examples.

STS 3- The ability to
make generalizations

Generalizations

Generalizations on environmental aspect
Generalizations on economic aspect
Generalizations on social aspect

Internalizing the system’s core mechanism
and transferring to this knowledge or
conception into other contexts (Ben-Zvi
Assaraf & Orion, 2010).

STS 4-
Understanding
hidden dimensions
of the system

Hidden dimensions

Awareness of the systems components
which are not directly pointed (Ben-Zvi
Assaraf & Orion, 2005).
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Table 3.3 (Continued)

STS 5- The ability to  Cyclic nature of the system
understand the cyclic
nature of the systems

Comprehension of the cyclic nature and
ongoing cyclic processes around the world
(Ben-Zvi Assaraf & Orion, 2005).

Recognizing the fact that in present reactions
in the systems either result of a past action or
cause of a future impact ((Ben-Zvi Assaraf &
Orion, 2010).

STS 6- Thinking Predictions

temporally: Future predictions on environmental aspects
Retrospection and Future predictions on economic aspects
prediction Future predictions on social aspects

STS 7- Developing  Empathy

an empathy with Empathy with other people

other people and Empathy with non-human beings

non-human beings

Empathizing with other people with
understanding their motivation’s and feelings
and showing empathy toward non-human
beings in nature (Karaarslan, 2016).

STS 8- Recognizing  Personal relation
own responsibility in  Making connection between issue and personal life

Acknowledging the personal role and
responsibility in the global issues or
problems (Karaarslan, 2016).

the system Taking responsibility
STS 9- Developinga  Sense of Place
sense of place Biophysical dimension

Psychological dimension
Sociocultural dimension
Political / Economic dimension

Recognizing a place bears different meanings
and can be evaluated in different dimensions.
The four dimensions are biophysical
environment, psychological environment,
sociocultural and political context. (Ardoin,
2006; Karaarslan, 2016)
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Table 3.4: Analysis Rubric

STS

Evaluation Criteria

Level 1

Level 2

Level 3

STS 1- Identify
components of a
system and
processes within
the system

It is expected from the
participant, to list the
components and
processes about three
aspects of sustainable
development taking
place in the scenario.

Identifies components
from one aspect of
sustainable
development

(e.g. Only
environmental
components)

Identifies components
from two aspects of
sustainable
development

(e.g. Environmental
and social
components)

Identifies components
from all three aspects of
sustainable development
(e.g. Environmental,
social, and economic)

STS 2- Identify
relationships
among the
system’s
components

Participants are
expected to find
connections between
different components
of the scenario.

Identifies relationships
within the same aspect
of sustainable
development

(e.g. Only
environmental-
environmental relations)

Identifies
relationships among
two different aspects
of sustainable
development

(e.g. relationships
between
environmental —
social components)

Identifies relationships
among three aspects of
sustainable development:
environment, economy,
society
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Table 3.4 (Continued)

STS 3- The ability
to make
generalizations

Participants are expected to
generalize the scenario into
other contexts with considering
environmental, social and
economic components of
sustainable development.

Identifies one aspect of
sustainable development

while making
generalizations

Identifies two
aspects of
sustainable
development while
making
generalizations

Identifies three
aspects of
sustainable
development while
making
generalizations

STS 4-
Understanding
hidden dimensions
of the system

Participants are expected to
identify components and
processes that are not directly
stated in the scenario but could
be affected by the events that
are mentioned in the scenario.

Identifies one hidden

dimension from the
scenario

Identifies two
hidden dimensions
from the scenario

Identifies three or
more hidden
dimensions from
the scenario

STS 5- The ability
to understand the
cyclic nature of the
systems

Participants are expected to
show cyclic relations between
components on their concept
maps AND/OR to define a
cyclic relation for the events
and processes in the scenario.

Not explain any cyclic
relation in the scenario

Explains cyclic
relations in the
scenario but does
not includes all
aspects of
sustainable
development.

Explains “cyclic”
relations in the
scenario and
contains three
aspects
(environment,
economy, society)
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Table 3.4 (Continued)

STS 6- Thinking
temporally:
Retrospection and
prediction

Participants are expected

to predict the future

influences of the events
that are presented in the

scenario.

Makes future predictions
for only one aspect of
sustainable development

Makes future
predictions for two
aspects of
sustainable
development

Makes future
predictions for three
aspects of
sustainable
development

STS 7- Developing
an empathy with
other people and
non-human beings

Participants are expected

to show empathy to

people and non-human
beings who are issued in

the scenario.

No empathy with other
people and non-human
beings

Struggle to develop
empathy with both
other people and
non-human beings

Considers other
people’s perspective
and

non-human beings
in a complete way

STS 8-
Recognizing own
responsibility in the
system

Participants are expected
to define their role for the

issue presented in the
scenario and takes
responsibility.

No connection between
issue and personal life

Struggle to make
connections between
issue and personal
life &taking
responsibility

Makes connections
between issue and
personal life and
takes responsibility

STS 9- Developing
a sense of place

Participants are expected

to define different

meanings to the place in

the scenario.

Defines place as
including 1 dimension

Defines place as
including two
dimensions

Defines three or
more dimensions




3.8.Validity, Reliability and Ethics

To obtain validity of the instruments in this study, content-related evidence was
used. Content-related validity ensures the appropriateness of the instruments
with comparing the content and format (Fraenkel et al., 2012). In this thesis,
the scenario and interview questions were presented to two professors from
elementary science education department who were specialized in education
for sustainable development. Additionally, researcher bias could be a threat to
internal validity in this study. Standardized open-ended interviews enable
comparison between answers of different participants and enables to decrease
the researcher bias (Patton, 1990). In this study, interview questions were

designed as open-ended questions as suggested.

Reliability in social sciences studies is hard to achieve because people tend to
show unstable behaviors. Therefore, it is not expected to develop behavioral
laws with qualitative study, rather providing explanations is the major motive
(Merriam, 2009). In order to obtain reliability in this research, researcher used
a rubric to analyze the interviews. Transcripts, rubric, and codes were

examined several times to ensure the results are consistent.

To prevent ethical concerns for this thesis, instruments were presented to the
ethics committee prior to the data collection (See approval form in Appendix
C). In addition, all participants were informed with a volunteer participation
form about they can leave the study if they are disturbed during the interview.
Participants’ permissions for audio recording was obtained by signed consent

formes.
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3.9 Limitations

The currently presented thesis has several limitations. Firstly, all pre-service
science teachers who participated in the study were female. This choice was
not purposeful, rather it was the most likely sample because the number of
male pre-service teachers were not high in the department where study
conducted. Thirdly, results of study cannot be generalized because it was
designed as a qualitative case study. Findings of this study was limited with
the six participants’ interviews. Lastly, participants were limited with the
context given in the scenario and interview questions were implicit. The text
might constraints participants’ thinking Therefore there might be some missing

about participants perception.
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CHAPTER 4

FINDINGS

The six participants of this study were examined as individual cases. Therefore,
findings of this study will be presented for each case separately. For each
participant interviews were analyzed according to the rubric presented (see the
section 3.7.2. Rubric). Based on the analysis of interviews system thinking

levels of participants were determined.

For each case, firstly, demographic data will be presented. Then demographic
data will be followed by detailed analysis of nine systems thinking skills,
participant’s definition of system and evaluation part. Necessary quotations
from the responses of interview questions were added in each part to support

the findings.
4.1.CASE 1: TUBA
4.1.1. Tuba’s Demographic Data

Tuba, is a 23-year-old senior year student from the elementary science
education department of one of the well-known universities in Turkey. She has
grown up in outskirts of a small town, in a house with a garden. In primary
school she attended the activities of a non-governmental organization that
works about environmental protection. She joined garbage collection activities

with this non-governmental organization to raise awareness among people.
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Tuba took two courses about environment and sustainability, one of them is the
mandatory environmental science course and the other one is an elective course
about education and sustainability. She did not hear anything about the given

scenario.
4.1.2. Tuba’s System Thinking Skills

Tuba’s levels for each systems thinking skill is determined as a result of the
responses to the interview questions. Findings are presented for each STS

separately in this section.

4.1.2.1.STS 1- Identify Components of a System and Processes Within the
System

First systems thinking skill includes identifying components and processes
within the system. In this study participants were expected to identify
components and processes from each aspect of sustainable development
(environmental, social, economic) within the given scenario. When she is
asked to identify the components and the key words of the scenario (Questions

3 & 4) she identified several components and processes in her responses.

“Human, economy and environment. Also, plants and animals are in the

environment...” (Question 3).

“Decrease in buffalo population, occupations of people in the region,
change in Kizilirmak ecosystem, pesticides, chemicals, living
organisms in the region like birds and plants, sustainability, raising
awareness among people in the region and the project (mentioned in the

scenario).” (Question 4).
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Components and processes identified by Tuba was categorized as
environmental, social, and economic (Table 4.1). It is observed that she only
failed to name process for economic aspect, but she achieved to list
components from all three aspects. Accordingly, she was classified in Level 3
for STS 1.

Table 4.1: Tuba’s level of STS 1

STS Category (Components and Processes) Level
STS 1- Environmental Social Economic Level 3:
Identify Components: Components: Components: Identifies
components nature, plants, Human, Economy, components
of asystem animals, projects, occupations  and
and pesticides, Processes: of people in  processes
processes chemicals, other raising the region from all
withinthe  living organisms  awareness (agriculture, three aspects
system in the region (among animal of

(birds, plants etc.)  people inthe farmingetc.) sustainable

Processes: region) Processes: development

decrease in buffalo No

population, change economic

of Kizilirmak’s process

ecosystem identified.

4.1.2.2.STS 2- Identify Relationships Among the System’s Components

Second systems thinking skill is about identifying the relationships within the
system’s components. Participants were expected to identify relationships
within different components and processes in the given scenario about
Kizilirmak basin. Responses for questions 5 and 6 were used to determine
Tuba’s level for STS 2. Quotations below shows the connections found by the

participant.

“(plants- animals) Firstly, plants and animals are in relation in the
Kizilirmak region... (income- social status, income- education)
Farmers earn their keep from Kizilirmak basin. Accordingly, their
social status and quality of their children’s schools depend on their

income... (agriculture- economy) They [farmers in the Kizilirmak
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basin] might turned wetlands into agricultural lands in an attempt to
earn more money... (agriculture- job opportunity- internal migration
connection) When more people are engaged in agriculture, agricultural
mechanization could develop in the region. Consequently, people will
be affected because there would be not enough jobs for everyone in the
agricultural fields. As a result, there might be internal migration out of
the Kizilirmak region. Besides, chemicals [used for agriculture] will
also increase and there will be more pollution... (Pollution- health-
government economy connection) The water in the Kizilirmak river is
used for drinking water in some cities in Turkey. If there is an epidemic
illness because of pollution of the river, the government economy will
be affected... (agriculture- national economy) If a proper agricultural
method was used in there [Kizilirmak], it may support our [Turkey]

economic growth.” (Question 5)

“(environmental pollution- agriculture) Farmers used pesticides for
agriculture and it lead to environmental pollution.... (buffalo
population- other species) There is food chain in the Kizilirmak region.
When buffalo population decrease it might lead to loss of other living
organisms.... (Water pollution- biodiversity) Chemicals do not only
pollute the soil but also pollute the water. Water pollution might cause
the loss of number of species. ... (buffalo breeding- economic growth)
Government is also interested in the economic activities in the
Kizilirmak region. If buffalo breeding would improve, they [buffalo
breeders] may export buffalos and national economy would develop...
(economy- internal migration) If people do not gain enough money,
they might leave their homes and migrate to the bigger cities...
(economy- education) Education is important. Farmers [in the
Kizilirmak region] took trainings as a part of the awareness projects.
These trainings helped them to learn other buffalo products and

different economic channels about buffalo breeding... (economy-
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education) Economy affects every part of life. If a farmer does not gain
too much money, their children might not have a chance to go qualified
schools... (economy- health) Economy affects their health because they
are living in suburbs and their hospitals might not be well-equipped as
the ones found in bigger cities... (ecosystem- economic activities)
People are trying to earn their living. They may have found agriculture
helpful for gaining more money. However, they change the ecosystem

and environment without noticing.” (Question 6)

Connections identified in the during the interview were categorized according
to the Table 3.3 (see section 3.7.1.). Tuba found four different connections
within environmental components, one connections within economic
components, two connections between environmental & economic
components, four connections between economic & social components. In
addition to this, she identified two different connections between all three
components of sustainable development. However, there is no connection
found within social components and between environmental and social
components. These connections are presented in the Table 4.2. As a result of

the analysis she was classified in Level 3 for STS 2.

52



€g

Table 4.2: Tuba’s level of STS 2

STS Category (Connections) Level
STS 2- Connections between environmental  plants- animals Level 3:
Identify components environmental pollution- agriculture Identifies
relationships water pollution- biodiversity relationships
among the buffalo population- other species among three
system’s Connections between social - aspects of
components  components sustainable
Connections between economic buffalo breeding- economic growth dev?lopment:
components environment,

Connections between environmental
and economic components

agriculture- (national) economy
ecosystem- economic activities

Connections between environmental
and social components

Connections between economic and
social components

income- social status
economy- internal migration
economy- education
economy- health

Connections between environmental,
economic and social components

agriculture- job opportunity- internal migration
environmental pollution- government economy-

health

economy,
society




4.1.2.3.STS 3- The Ability to Make Generalizations

Third systems thinking skill is about the ability to making generalizations. It is
expected from the participants to transfer the characteristics of a system into
other contexts. Tuba made a generalization about environment, based on the

scenario:

“This event [loss of buffalo population] might be an example for the
other regions of our country. There are other rivers, which also have
agriculture and animal farming. This scenario may help to take
precautions around these areas to avoid natural deterioration.”

(Question 7)

It is observed that economic and social components of the scenario was not
mentioned in the generalizations made by the participant. Therefore, Tuba was
classified in Level 1 for STS 3 (Table 4.3).

Table 4.3: Tuba’s level of STS 3

STS Category Level

STS 3- The Generalizations on environmental ~ Level 1: Identifies one
ability to make aspect aspect of sustainable
generalizations development while

making generalizations

4.1.2.4.STS 4- Understanding Hidden Dimensions of the System

Fourth systems thinking skill focused on the hidden dimensions found by the
participants, related with the scenario. Hidden dimensions are the components
or processes that are not directly pointed out in the text, but still related with
the context of the scenario. Throughout the interview Tuba pointed out several
hidden dimensions. They are listed in Table 4.4. For example, she defined
migration as a dimension of scenario. Additionally, she mentioned education,

social status and health during the interview in relation with the scenario.
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Because she found out more than three hidden components, she was classified
in Level 3 for STS 4.

About migration: “Economy effects every part of their [people in
Kizilirmak region] lives. As a result, there might be internal migration

out of the Kizilirmak region.” (Question 5)

About education, health and social status: “Economy affects every part
of life. Education, even health. Who has the greater income, white
collars or farmers? Probably farmers with small fields gain less money.
So, this affects their lifestyle; from their clothing to quality of education
for their children. Economy affects their health and wellbeing
negatively because the hospitals in the area may not be as well-

equipped as the ones found in bigger cities.” (Question 6)

About extinction of endemic species: “Even though the text does not
have any info about them, the endemic species of Kizilirmak may be at

risk, too. Changes in buffalo population might have affect them.”
(Question 6)

About national economy: “Government is also interested in the
economic activities in the region [Kizilirmak]. If buffalo breeding
would improve, they [buffalo breeders] may export buffalos and

national economy would develop.” (Question 6)

About sustainable agriculture: “Agriculture will have devastating
effects for the Kizilirmak region. Sustainable agriculture can be a
solution to decrease health risks, but water scarcity still will be a

problem.” (Question 11)
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Table 4.4: Tuba’s level of STS 4

STS Category (Hidden dimensions) Level

STS 4- Migration Level 3:
Understanding  Education Identifies three
hidden Social status or more hidden
dimensions of  Health dimensions from
the system Extinction of endemic species the scenario

National economy
Sustainable agriculture

4.1.2.5.STS 5- The ability to understand the cyclic nature of the systems

Fifth systems thinking skill is about understanding the cyclic nature of the
system. Understanding cyclic nature means recognizing the continuous and
nonlinear relationships between different components of the system.
Participants were expected to find out cyclic relations between components
from all aspects, environmental- social- economic, of sustainable development.

Tuba depicted a cyclic relation in her answer to question 5.

“All components are in relation. Kizilirmak, plants, animals and
humans have a relationship with each other. Farmers earn their keep
from Kizilirmak basin. Accordingly, their social status and quality of
their children’s schools depend on their income. They [farmers in the
Kizilirmak basin] might turned wetlands into agricultural lands in an
attempt to earn more money. When more people are engaged in
agriculture, agricultural mechanization could develop in the region.
Consequently, people will be affected because there would be not
enough jobs for everyone in the agricultural fields. As a result, there
might be internal migration out of the Kizilirmak region. Besides,
chemicals [used for agriculture] will also increase and there will be
more pollution. It would give more harm to Kizilirmak river.”

(Question 5)
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In her answer, participant mentioned the cyclic interactions between nature,
plants and animals (environment), human’s lifestyle (society), and job
opportunities (economy) in the context of the scenario. Based on her interview
and her concept map drawing Tuba was classified in Level 3 for STS 5 (Table
4.5).

Table 4.5: Tuba’s level of STS 5

STS Category (Cyclic nature of the Level

system)
STS 5- The Explanation on cyclic nature of the  Level 3: Explains
ability to systems including environment, “cyclic” relations in the
understand the  economy and society. scenario and contains
cyclic nature of three aspects
the systems (environment,

economy, society)

4.1.2.6.STS 6- Thinking Temporally: Retrospection and Prediction

The sixth systems thinking skill is about understanding the future results of the
present actions. Making future predictions containing all aspects of sustainable
development was expected from the participants. Questions 11, 12 and 13 were
asked to find out participant’s future predictions. Tuba’ predictions included all
aspects of sustainable development. Future predictions related with people’s
awareness (social aspect), impacts on Kizilirmak (environmental aspect) and
economic well- being (economic aspect) was derived from the quote below. As

a result of the analysis she was classified in Level 3 for STS 6 (Table 4.6).

“There is still a threat for Kizilirmak. All in all, people will have to
produce something to avoid poverty. So, agriculture may increase again
if they [farmers in Kizilirmak] need to gain more money. On the other
hand, if buffalo breeding becomes a profitable job, buffalo population
will increase, and more buffalo may have negative impacts on
Kizilirmak too. Nevertheless, I believe that these events [decrease in
buffalo population and its results] is not a threat for future but a lesson
for us. I do not believe people damaged Kizilirmak intentionally, they
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just did not predict the results. People are learning with trial and error.
They [people in Kizilirmak region] were not able to think the results of
their actions because they never try this before. They took trainings on
buffalo breeding and now they know they can make a living with this
profession. Also, if there is a raising consciousness about pollution, this

event may cause a gain for Kizilirmak.” (Question 12)

Table 4.6: Tuba’s level of STS 6

STS Category (Future predictions) Level

STS 6- Future predictions on environment, impacts  Level 3: Makes

Thinking on Kizilirmak future predictions

temporally: Future predictions on economy, economic for three aspects

Retrospection ~ Well being of sustainable

and prediction  Future predictions on society, raising development
awareness

4.1.2.7.STS 7- Developing an Empathy with Other People and Non-Human
Beings

Seventh systems thinking skill investigates the ability of empathy with other
people and non-human beings. Participants were expected to develop empathy
with both people and non-human beings equally in the scenario. Non-human
beings include all living organisms and non-living materials like soil, water or
air. During the interview, she empathizes with other people by trying to explain
people’s reasons for engaging in agriculture and buffalo farming. However, she
did not show a strong empathy with non-human beings. As a result, Tuba was
classified in Level 2 for STS 7 (Table 4.7).

“The most important outcome of increasing buffalo population at
Kizilirmak will be less people engaged in agriculture. Buffalo breeders
learned about new buffalo products and they will gain more money.
Buffalo breeding will turn into a more advantageous profession for
Kizilirmak region. Because people will learn how they earn their living
from buffalo breeding they will not interest in agriculture anymore.”

(Question 14)
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Table 4.7: Tuba’s level of STS 7

STS Category (Empathy) Level

STS 7- Developing an Empathy with other Level 2: Struggle to develop
empathy with other people empathy with both other
people and non-human people and non-human
beings beings

4.1.2.8.STS 8- Recognizing Own Responsibility in the System

Eighth systems thinking skills is about acknowledging own responsibility in
the system and taking action. Participants were expected to define their role for
the presented scenario. During the interviews, it is observed that Tuba shows
apathy toward the environmental problems in the scenario. She is believing that
she cannot find a solution by taking action on her own. In her opinion, the
initial reasons for these environmental problems are rich people who waste
money and resources. She thinks that because these people do not fulfill their
moral obligations towards environment, so she does not have to do either. Even
though she made connections with her personal life for some cases, she refused
to take action in certain conditions. Details from the interview is given in the

quotations below.

“It is hard to encourage people [farmers in Kizilirmak] to change their
behavior. | mean, people who give speeches on sustainability mention
minimizing the carbon footprint or consuming less but they are not
changing their own consumption behaviors. So, they [farmers] would
ask: Why should | change my behavior? | already have less expense
and waste. Why should | be the one who save the planet? There are too
many rich people in the world and their consumption habits brought us
here. How much my carbon footprint can affect the world?”” (Question
15)
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“I save money since my childhood. In addition, I am interested in
ecological solutions for house cleaning since | learned how we harm
nature with the chemical detergents. | am warning my mother not to use
too much detergents. On the other hand, | think, if I have money I
would spend it on clothing. | do not believe that people who give advice
on saving world’s resources or reducing consumption are practicing

their own ideas.” (Question 9)

Tuba’s interview analysis showed that she was able to make a connection
between her personal life and the scenario in a low level. However, it is
observed that she strictly refuses to take responsibility about the scenario. As a
result, she was classified in Level 2 for STS 8 (Table 4.8).

Table 4.8: Tuba’s level of STS §

STS Category (Personal relation)  Level

STS 8- Making connection between Level 2: Struggle to make
Recognizing own issue and personal life connections between issue
responsibility in and personal life &taking

the system responsibility

4.1.2.9.STS 9- Developing a Sense of Place

Ninth systems thinking skill is about participants ability to develop sense of
place with different meanings attributed to a certain place. In the context of this
thesis, participants were expected to define different meanings for Kizilirmak.
From the interviews it can be inferred that Tuba attributed biophysical meaning
to Kizilirmak which is related with its nature and political meaning related with
the economic and national value of the region. Because Tuba defines

Kizilirmak with including two different dimensions, she was classified in Level

2 for STS 9 (Table 4.9).
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About biophysical meaning: “Kizilirmak river represents life for me.
Forget about economy, our life depends on this life source. Even the
smallest reactions in our cells depend on water. Water shortages may
come true in the future even if it may not seem possible now. My
children may face with drought and this idea worries me. | think about

what I can do to prevent this.” (Question 17)

About political meaning: “Kizilirmak river is a valuable source for
water. It is claimed that the future wars will outbreak because of water
shortages. That’s why Kizilirmak is important. We need to preserve our

resources.” (Question 18)

Table 4.9: Tuba’s level of STS 9

STS Category (Sense of Place) Level

STS 9- Biophysical dimension Level 2: Defines place as
Developinga  Political dimension including two

sense of place dimensions

4.1.3. Tuba’s Definition of the System

All participants were asked to describe and give example to a system with the

questions 19 and 20. Tuba gave her definition of the system and her example as

follows:

“System is a structure consists of several components which are in
interaction with each other. In fact, the term “ecosystem” is coming
from this idea. For example, in Kizilirmak ecosystem there are many
components: humans, environment, animals...For example, Kizilirmak
is not a solitary structure. Kizilirmak river, water, animals are part of it.
These animals are in interaction, too. There are plants and humans.
Humans using these components. All these are forms a system.”

(Question 19 & 20)
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4.1.4. Summary for Tuba’s Systems Thinking Skills

Tuba was rated in Level 3 for five systems thinking skills. In STS 1, it is
observed that she concentrated on the components from environmental aspect.
Additionally, she pointed out the economic aspect several times. Seven
connections she found in STS 2 include components from economic aspect of
sustainable development. It is observed that she can recognize the cyclic
relationships in the system, found out the hidden dimensions, making future
predictions on all aspects of sustainable development (STS 4, STS 5, STS 6).
The participant portrayed a moderate rating for the systems thinking skills
about developing empathy, recognizing own responsibility and developing a
sense of place (STS 7, STS 8, STS 9). Only systems thinking skill Tuba rated in
Level 1 was “the ability to make generalizations” (STS 3). She was not able to
transfer the main idea of the scenario to other contexts with considering all

aspects of sustainable development.

All in all, Tuba draws a high profile in systems thinking with reaching to Level
3 for most of the systems thinking skills. Her definition and example of system
provided evidence for that she has a sensible conception about systems.
Additionally, she showed that she can see a bigger picture over the given

scenario with the quotation below.

“Not only the people who live in the Kizilirmak region will be affected

by this [the loss of buffalo population] also we could have affected.”
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Table 4.10: Tuba’s overall STS levels

Systems Thinking Skills (STS) LEVEL
STS 1- Identify components of a system and processes within 3
the system

STS 2- Identify relationships among the system’s components 3
STS 3- The ability to make generalizations 1
STS 4- Understanding hidden dimensions of the system 3
STS 5- The ability to understand the cyclic nature of the 3
systems

STS 6- Thinking temporally: Retrospection and prediction 3
STS 7- Developing an empathy with other people and non- 2
human beings

STS 8- Recognizing own responsibility in the system 2
STS 9- Developing a sense of place 2

Tuba

STS1 STS 2 STS3 STS 4 STS5 STS 6 STS7 STS 8

Figure 1: Tuba's STS Levels
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4.2.CASE 2: EBRU
4.2.1. Ebru’s Demographic Data

Ebru is a 25-year-old senior student from the elementary science education
department of one of the well-known universities in Turkey. She was grown in
a house with garden, located in a small dwelling unit outside the city center.
Ebru is a member of one of the most prominent non-governmental
environmental organizations of Turkey since her childhood. She donates to this

organization and joins reforestation activities.

Ebru took the mandatory environmental science course of her department.
Sustainability was one of the subjects discussed in the course. However, she
did not hear anything about the given scenario.

4.2.2. Ebru’s System Thinking Skills
To decide Ebru’s systems thinking skills, responses of interview questions

were used. For each STS findings are presented in this section.

4.2.2.1.STS 1- Identify Components of a System and Processes Within the
System

First STS investigates participants ability to identify components and processes
in the system. Ebru was expected to find out different components and
processes for every aspect of sustainable development inside the given
scenario. In her answers to the interview questions 3 and 4 it is observed that
she identified components and processes related to all three aspects of
sustainable development.

“Buffalos, bird species, shrubs, lakes, insect population seems very
large in the area [Kizilirmak]. The text says agricultural lands are very
productive. We cannot just consider the animals, there are also humans
who live as a part of Kizilirmak. They are engaged in buffalo breeding

and farming” (Question 3)
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“Ecosystem can be keyword. Also, biodiversity, because there is a rich
population. Animals, plants, lakes. Technology is used for economic
efficiency. Environmental consciousness can be a keyword.” (Question

4)

According to these quotations from Ebru’s interview, components and
processes identified by her was categorized as environmental, social, and
economic (Table 4.11). It is seen that she was not able to state processes for
any aspect of sustainable development, but she named components from all
aspects of sustainable development. As a result, she was classified in Level 3
for STS 1.

Table 4.11: Ebru’s level of STS 1

STS Category (Components and Processes) Level
STS 1- Environmental Social Economic Level 3:
Identify Components: Components:  Components: Identifies
components buffalos, bird Humans, Buffalo components
of asystem  species, shrubs, environmental breeding, and
and lakes, insect consciousness farming, processes
processes population, Processes: No technology  from all
withinthe  agricultural social process  Processes: three aspects
system lands, ecosystem identified. No of
Processes: No economic sustainable
environmental process development
process identified.
identified.

4.2.2.2.STS 2- Identify Relationships Among the System’s Components

Second systems thinking skill is identifying relationships between components
and process. Participants were asked to name the relationships and explain the
interactions they found in the scenario. Questions 5, 6 and 7 were used evaluate

second systems thinking skill.
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“(chemical fertilizers and living organisms) Chemical fertilizers not
only have an impact on buffalos but also have an impact on plants,
insects, all living organisms in the Kizilirmak region... (Buffalo
population and ecosystem) Change in buffalo population can threat the
balance in the ecosystem... (Bird species- depletion of wetlands)
Kizilirmak basin is an ideal area for immigrant birds. If they deplete the
wetlands this environment will change, and birds will be affected...
(Buffalo population- frogs and fishes) If buffalo population increase,
this could be an advantage for fishes and frogs because they lay their

eggs in buffalo’s footprints.” (Question 5)

“(Economy and ecosystem) People in the Kizilirmak region are selling
buffalo products and engaged in tourism to earn their living. Their
economic wellbeing depends on the ecosystem... (technology-
environmental consciousness) People can be using technology to raise
environmental consciousness with publishing internet news about the
Kizilirmak region... (chemical fertilizers and economy) The initial
reason to use chemical fertilizers was making contribution to economy
with increasing cultivation. However, at the end, chemicals had
negative effects on economy... (living organisms and Kizilirmak basin)
There are birds, plants, trees, buffalos living together on wetlands and
agricultural fields of Kizilirmak... (pesticides- ecosystem) Pesticides
damages both Kizilirmak river ecosystem and wetland ecosystem...
(agriculture- economy) A variety of agricultural products are being
harvested every year in Kizilirmak. So, agricultural fields have a

connection with economy.” (Question 6)

“(natural beauty and economy) There is a perfect nature in Kizilirmak
with birds, buffalos, insects, lakes, plants... People may want to use
there for touristic activities to gain more money. However, this will

damage the environment, change the habitat of animals...
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(environment- environmental consciousness) If people do not value to
the natural resources and buffalos they will not do anything to fix the
problems in the ecosystem. This project [mentioned in the scenario] and
festivals increase awareness among people to understand the

importance of buffalos and buffalo breeding.” (Question 7)

Ebru found six different connections within environmental components, four
connections between environmental & economic components, one connection
between environmental & social components and one connection between
economic & social components. On the other hand, she did not find any
connections within economic components, within social components. Also,
there is no connection between components from all three aspects of
sustainable development. As a result, she was classified in Level 2, for STS 2.

Categorization Ebru’s results are presented in the Table 4.12.
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Table 4.12: Ebru’s level of STS 2

STS Category (Connections) Level
STS 2- Connections between environmental living organisms - Kizilirmak basin Level 2:
Identify components buffalo population - ecosystem Identifies
relationships bird species - depletion of wetlands relationships
among the buffalo population - frogs and fishes among two
system’s chemical fertilizers - living organisms  different
components pesticides - ecosystem aspects of
Connections between social components - sustainable

Connections between economic
components

Connections between environmental and
economic components

chemical fertilizers - economy
agriculture - economy
economy - ecosystem

natural beauty - economy

Connections between environmental and
social components

environment - environmental
consciousness

Connections between economic and
social components

technology - environmental consciousness

Connections between environmental,
economic and social components

development
(e.0.
relationships
between
environmental
—social
components)




4.2.2.3.STS 3- The Ability to Make Generalizations

For third systems thinking skill participants were expected to implement the
characteristics of the system presented in the scenario into other contexts.
Participants’ generalizations were categorized in terms of environmental,
economic and social aspects. During the analysis of her interview, it was
noticed that Ebru focused on the environmental and economic components

while making generalizations:

“I disapprove the human relationship with nature. People can do
anything to increase economic efficiency, anything could be done if it
makes more money. No one considers how their actions will affect
nature. For example, they think that they can build shopping malls or
hotels and it does not matter if they cut some trees. Most of the people
think nature could compensate anything and renew itself. However,
they forget that there is a limit in the nature and it have been already
surpassed. When | think about this scenario about Kizilirmak I see that
people are the ones who give damage the nature at the beginning. In my
opinion, there are very few people have awareness and consider

environment.” (Question 9)

Ebru criticize the human nature relationship by discussing how economic
activities harm nature. Because she did not mention any social components
while making generalization, Ebru was classified in Level 3, for STS 3 (Table
4.13).

Table 4.13: Ebru’s level of STS 3

STS Category Level

STS 3- The Generalizations on environmental ~ Level 2: Identifies two

ability to make aspect aspects of sustainable

generalizations  Generalizations on economic development while making
aspect generalizations
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4.2.2.4.STS 4- Understanding Hidden Dimensions of the System

Forth systems thinking skill is about finding out the hidden components of the
scenario. Participants were expected to discover components related with the
scenario which are not directly mentioned in the text. For Ebru’s case, tourism,
irrigation, health were three hidden concepts stated during the interviews. With
three hidden dimensions she identified, Ebru was classified into Level 3 for
STS 4 (Table 4.14).

About tourism: “This festival [organized for drawing attraction to
buffalo breeding] might be touristic too. People who are interested in
local culture and foods can visit Kizilirmak with the help of festivals

and contribute to the local economy as tourists.” (Question 2)

About irrigation: “Depredation of wetlands will cause irrigation
problems in agriculture. Kizilirmak basin is a massive land. How

farmers will irrigate the soil if they drain all wetlands?”” (Question 11)

About health: “Depredation of wetlands can cause illnesses. Farmers
will continue using chemicals. Because they will eat the that food
grown by chemicals farmers and their families will be affected. Toxic

ingredients will accumulate in their body.” (Question 12)

Table 4.14: Ebru’s level of STS 4

STS Category (Hidden dimensions) Level

STS 4- Tourism Level 3: Identifies
Understanding Health three or more hidden
hidden Irrigation dimensions from the
dimensions of the scenario

system
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4.2.2.5.STS 5- The Ability to Understand the Cyclic Nature of the Systems

Understanding cyclic nature means understanding that every component of the
system is interrelated and integrated. Participants were expected to portray a
cyclic relationship while examining the scenario including all three aspects of

sustainable development.

Ebru’s concept map drawing did not give a valid clue for her understanding of
cyclic interactions. During the interview she explained a cyclic structure.
However, this structure was only including environmental components. Her
words on cyclic nature are quoted below. With the help of this quotation, she
was classified in Level 2, for STS 5 (Table 4.15).

“It is thought that extinction of a species in nature does not cause a risk
for humans. It is often forgotten that that species is also a part of its
environment. When | think about sustainability | always imagine a
cycle. There are agricultural fields, buffalos, and buffalos manure used
in agriculture. Organic fruits and vegetables are produced by the
organic fertilizers. At the same time buffalos are eating the plants
grown in the area. If one of these components, for example buffalos, are
removed from this cycle this has negative effects on everything
including agricultural lands, insects, humans and migration of birds.”

(Question 13)

Table 4.15: Ebru’s level of STS 5

STS Category (Cyclic nature of the Level

system)
STS 5- The Explanation of cyclic nature of the Level 2: Explains
ability to system with environmental aspect of  cyclic relations in
understand the sustainable development. the scenario but
cyclic nature does not includes
of the systems all aspects of

sustainable

development.
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4.2.2.6.STS 6- Thinking Temporally: Retrospection and Prediction

For the sixth systems thinking skill participants were expected to make future
predictions based on the scenario including all three aspects of sustainable
development. In her responses through the interview, Ebru made several
different predictions about environment, by mentioning deforestation and
harming the environment; about economy by mentioning economic activities
of people in the region; and society by discussing possible health problems. As

a result, she was classified into Level 3 for STS 6.

About economy and environment: “People may want to use the natural
beauty of Kizilirmak for touristic activities to gain more money. They
will want to build restaurants or markets over there to attract more
tourists to the area. They will cut trees, spoil the vegetation. However,
this will damage the environment, change the habitat of animals.”

(Question 7)

About health: “Depredation of wetlands can cause illnesses. Farmers
will continue using chemicals. Because they will eat the that food
grown by chemicals farmers and their families will be affected. Toxic

ingredients will accumulate in their body.” (Question 12)

Table 4.16: Ebru’s level of STS 6

STS Category (Future predictions) Level

STS 6- Future predictions on environment, impacts Level 3: Makes

Thinking on environment future predictions

temporally: Future predictions on economy, changing for three aspects

Retrospection ~ €conomic activities of sustainable

and prediction  Future predictions on society, impacts on development
health
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4.2.2.7.STS 7- Developing an Empathy with Other People and Non-Human
Beings

Seventh systems thinking skill investigated in this thesis is about participants’
ability to develop empathy towards other people and non-human beings. From
the answer to question 15 it is derived that Ebru can show empathy to other
people [buffalo breeders] and non-human beings [buffalos] in the Kizilirmak.
Accordingly, she was classified in Level 3 for STS 7 (Table 4.17).

“If I were a buffalo breeder in Kizilirmak, I would support this project
[about increasing buffalo population]. Because my job would be related
with a living organism, buffalos. | would feel like | have a
responsibility for their [buffalos] life because they are alive and have a
right to live. If they were fed and grown by me | would endeavor to
keep them alive. | would work on different projects. For example, if
buffalo products do not get interest from Kizilirmak region I would try
to sell them to other cities or countries. This would be a model for other

buffalo breeders and increase the buffalo population.” (Question 15)

Table 4.17: Ebru’s level of STS 7

STS Category (Empathy) Level

STS 7- Developing Empathy with other people Level 3: Considers other
an empathy with Empathy with non-human people’s perspective and
other people and beings non-human beings in a
non-human beings complete way

4.2.2.8.STS 8- Recognizing Own Responsibility in the System

Recognizing own responsibility in the system includes taking responsibility for
the changes presented in the scenario and being ready to take action about
these changes. Ebru’s words indicated that she understands her responsibility
in the system provided in the scenario. She made a connection between her

personal life and the scenario.
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“There is a connection between all components in this scenario.
Sustainable development also has different components that are
integrated to each other. We should direct our lives with considering
sustainable development. At least we should try. Sustainable
development is not only recycling. There is no advantage in recycling
plastic bottles if we are using 10 different plastic bottles in a day. Using
same bottle more than once is more important. Recycling is not the
ultimate solution for environmental problems. Besides, not every waste
can be recycled. If I need a pen, | should buy just one pen because | do
not need more. Even if | throw the excess in the recycling box instead

of throwing them in garbage, I am still harming nature.” (Question 10)

According to this quotation above, it is derived that Ebru acknowledges her
responsibility about the problems in her environment. She made connection
between scenario and her personal life and affirmed that she is ready to take
action. She was classified in Level 3 for STS 8 (Table 4.18).

Table 4.18: Ebru’s level of STS 8

STS Category (Personal relation) Level

STS 8- Making connection between issue  Level 3: Makes
Recognizing own and personal life connections between
responsibility in  Taking responsibility issue and personal life
the system and takes responsibility

4.2.2.9.STS 9- Developing a Sense of Place

Last systems thinking skill in this thesis was developing a sense of place. In the
context of this study, which dimensions they are considering while defining
Kizilirmak was investigated. Participants were asked to define what Kizilirmak
means to them and their definitions categorized in different dimensions of

place.

It is observed that Ebru defines Kizilirmak in terms of biophysical and

psychological dimensions. Her words about biodiversity referred to biophysical
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sense of place, and about social awareness referred to psychological sense of

place. As a result, she was classified in Level 2 for STS 9 (Table 4.19).

About biophysical meaning: “I have never gone there but it seems
Kizilirmak is very rich in terms of biodiversity. At first, I feel happy
about that this place is not invaded by people. People did not turn there
into a touristic place. Saving the nature in here is priority to people in

the area. In terms of that it is a rescued zone.” (Question 17)

About psychological meaning: “There is not enough awareness in
society about biodiversity. People’s consciousness and efforts to protect

this area made Kizilirmak a significant place for me.” (Question 18)

Table 4.19: Ebru’s level of STS 9

STS Category (Sense of Place) Level

STS 9- Biophysical dimension Level 2: Defines place as
Developinga  Psychological dimension including two

sense of place dimensions

4.2.3. Ebru’s Definition of the System

Participants’ descriptions of system were investigated with the questions 19
and 20. Ebru’s definition of system portrays a connected structure, and she
exemplified the system in coordination with her definition. Her words are

given in the quote below.

“A system consists of multiple components which exist together in
balance. Not only livings but also non-living things can be a part of the
system. For example, sometimes caves and mountains can be a home
for living others...My family’s house is an example to a system. We
have a small garden where we grow our food and compost our organic
waste, and we use this compost for growing food again. This relation is

a sign of balance. We have chickens and we give them grass from the
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garden. Then we use their eggs. There are a lot of components in this

garden and I can see their relation.” (Question 19 & 20)
4.2.4. Summary for Ebru’s Systems Thinking Skills

Ebru was rated in Level 3 for five STS and in Level 2 for the other four STS. It
is noticed that she identified far more components from environmental aspect
than other two aspects of sustainable development. Accordingly, in STS 2
almost all connections she identified include a component from environmental
aspect. It is also observed that even though she was able to understand the
cyclic interactions in the scenario, she only discussed environment for this
cycle (STS 5). On the other hand, she made future predictions considering
environment, economy and society (STS 6). Additionally, she identified three
hidden dimensions from the scenario (STS 4). Also, she showed a high profile
for ability to develop empathy and recognizing own responsibility (STS 8).
Other two STS that Ebru rated in Level 2 were about making generalizations

and developing a sense of place (Table 4.20).

It can be inferred from her definition and example for system that she has a
valid understanding for system. Her example for system also showed that she

was able to observe a cyclic system in the nature by herself.
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Table 4.20: Ebru’s overall STS levels

Systems Thinking Skills (STS) LEVEL
STS 1- Identify components of a system and processes within the 3
system

STS 2- Identify relationships among the system’s components 2
STS 3- The ability to make generalizations 2
STS 4- Understanding hidden dimensions of the system 3
STS 5- The ability to understand the cyclic nature of the systems 2
STS 6- Thinking temporally: Retrospection and prediction 3
STS 7- Developing an empathy with other people and non-human 3
beings

STS 8- Recognizing own responsibility in the system 3
STS 9- Developing a sense of place 2

Ebru
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Figure 2: Ebru's STS levels
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4.3.CASE 3: ASLI
4.3.1. Asl’s Demographic Data

Asli is a 24-year-old senior year student from the elementary science education
department of one of the prominent universities in Turkey. She has grown in a
city during her childhood. She has never been a member of non-governmental
organization or student group about environment or sustainability. However,
she attended an environmental training workshop provided by a governmental

organization.

Asli took the mandatory environmental science course of her department which
issues sustainable development during her undergraduate education. She did
not hear about the event in the given scenario.

4.3.2. Asl’s System Thinking Skills

Asli’s responses during the interview were analyzed to understand her systems
thinking skill levels. Her responses according to STS is discussed in the

following section.

4.3.2.1.STS 1- Identify Components of a System and Processes Within the
System
The first systems thinking skill is about identifying components in the scenario
from different aspects of sustainable development. Interview questions 3 and 4
was used to derive the components and processes participants identified. Asl
listed five different components for environmental aspect and four different
components for social aspect of sustainable development and one component
from economic aspect. She discussed human’s role in terms of both social and
economic aspect. In her words, humans are most vital component in this

scenario:
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“Components are buffalo, pesticides and human. At the beginning of
this event there was only human. People’s greed especially. There is
nothing people cannot do for money...On the other hand there are
volunteers to save the delta. They increase awareness. They admit they
are harming nature” (Question 3)
“Keywords in this scenario are; chemical fertilizers, the awareness
project [carried in the Kizilirmak region], festivals [organized in
Kizilirmak], Kizilirmak basin, chemical fertilizers, buffalos.” (Question
4)
The components identified by Aslhi categorized as environmental, economic
and social. There is no direct statement about economic components, but she
discussed the economy in people’s actions. Because she discussed human’s
role in the economic context. As a result, she was classified in Level 3 for STS
1 (Table 4.21).

Table 4.21: Asli’s level of STS 1

STS Category (Components and Processes) Level

STS 1- Environmental Social Economic Level 3:

Identify Components: Components: Components: Identifies

components Buffalo, volunteers, Economy components

of asystem agriculture, project, Processes: and

and pesticides, delta, festival No processes

processes chemical Processes: economic from all

withinthe  fertilizers No social process three aspects

system Processes: No process identified. of
environmental identified. sustainable
process identified. development

4.3.2.2.STS 2- Identify Relationships Among the System’s Components

Second systems thinking skills is about participants’ ability to find out
relationships between different components and processes. The connections
found by participants were categorized according to rubric. Asli’s answer to
question 5 used for analysis of STS 2. Ash found five different connections
within environmental components, one connection between environmental &

economic components, and four connections between environmental and social
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components. However, there is no connection presented in Asli’s interview
within social components, within economic components, between economic &
social components, and between all three aspects of sustainable development.
Therefore, she was classified into Level 2, for STS 2. Table 4.22 shows the

classification of Asli’s findings.

“(living organisms and Kizilirmak basin) Kizilirmak basin is a natural
habitat for buffalos and other living organisms... (agriculture and
wetland ecosystem) Kizilirmak basin has lakes and wetlands but the
chemicals used in agriculture are changing the ecosystem in wetlands.
Also, increase in agriculture means drying of wetlands that will cause
problems in ecosystem... (chemicals and buffalo population) Use of
chemicals pollute the habitat of buffalos and decrease the buffalo
population... (buffalos and other living organisms in the Kizilirmak)
Buffalos control the distribution of other animals and plants in the
wetlands by providing convenient places for making nests... (project
and buffalo population) Awareness project aims to increase buffalo
population... (wetland ecosystem and economic wellbeing) People are
earning their living from the nature of Kizilirmak. There are buffalo
breeders and farmers. People’s economic wellbeing is also connected
with the wetland ecosystem... (wetland ecosystem and biodiversity)
Wetland ecosystem will change due to the changes in buffalo
population. This will change the biodiversity... (biodiversity and
health) Biodiversity is necessary for human beings because there may
be medicines produced from the plants in the area... (nature and
internal migration; nature and nutrition) All changes in the Kizilirmak
basin is related with the food chain. If a component is removed from
this food chain, it also affects lives of the people in the area. People [in
the Kizilirmak] may not supply sufficient food for themselves. They
may need to migrate to other cities because the changes in the nature.”

(Question 6)
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Table 4.22: Asli’s level of STS 2

STS Category (Connections) Level

STS 2- Identify Connections between environmental living organisms - Kizilirmak basin Level 2: Identifies
relationships components agriculture - wetland ecosystem relationships among
among the buffalos - other living organisms in the two different aspects
system’s Kizilirmak of sustainable
components wetland ecosystem — biodiversity development

chemicals and buffalo population

Connections between social components

Connections between economic
components

Connections between environmental
and economic components

wetland ecosystem - economic wellbeing

Connections between environmental
and social components

project - buffalo population
biodiversity - health

nature - internal migration
nature - nutrition

Connections between economic and
social components

Connections between environmental,
economic and social components

(e.g. relationships
between
environmental —
social components)




4.3.2.3.STS 3- The Ability to Make Generalizations

For the third systems thinking skill participants were expected to transfer their
conception for the scenario to other contexts, meaning generalize the system
presented in the scenario. Analysis of Asli’s interview revealed that, she
includes only environmental aspect of sustainable development in her
generalizations. Accordingly, she was classified in Level 1 for STS 3 (Table
4.23). She pointed out the relationship between humans and nature in her

school with giving reference to the scenario.

“As human beings we are acting selfish. We do not know the influences
of our actions on the other living organisms. For example, in our
school there is a large forest and as humans we are affecting the habitat
of organisms who live in this forest. However, everything in nature is
interrelated. Loss of a single species influence both other living

organisms and people.” (Question 7)

Table 4.23: Asli’s level of STS 3

STS Category Level

STS 3- The Generalization on environmental ~ Level 1: Identifies one
ability to make aspect aspect of sustainable
generalizations development while

making generalizations

4.3.2.4.STS 4- Understanding Hidden Dimensions of the System

The forth systems thinking skill is about the ability to discover hidden
components of a system. Participants were expected to find hidden components
which are not directly mentioned in the given scenario. Throughout the Aslt’s
interview, she pointed out four different components which can be accepted as
hidden dimensions. She claimed that raising awareness with education is one of
the most important components of the scenario. The other hidden dimensions

stated by Asli were internal migration, nutrition and health, stated when she
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was asked to describe the connections in the scenario. In conclusion, Asli was

classified in Level 3, for STS 4 (Table 4.24).

About education: “School can be turned into a very productive place to
raise awareness because children are open to learning. With education
they can recognize why protecting the environment is important and
what is the cost of destruction of natural habitats. Because children are
there, and they are open to learning. In addition, children can influence
their families. When they learned about protection of nature in school,
they may carry this knowledge to their homes and families will learn
with children, too.” (Question 15)

About health, internal migration and nutrition: “Biodiversity is
necessary for human beings because there may be medicines produced
from the plants in the area...All changes in the Kizilirmak basin is
related with the food chain. If a component is removed from this food
chain, it also affects lives of the people in the area. People [in the
Kizilirmak] may not supply sufficient food for themselves. They may

need to migrate to other cities because the changes in the nature.”

(Question 6)

Table 4.24: Asli’s level of STS 4

STS Category (Hidden dimensions) Level

STS 4- Migration of people Level 3: Identifies three
Understanding Food (for humans) or more hidden

hidden Medicine dimensions from the
dimensions of  Education scenario

the system

4.3.2.5.STS 5- The Ability to Understand the Cyclic Nature of the Systems

Fifth systems thinking skill explores the ability to understand cyclic nature of

the systems. Participants were expected to describe a cyclic relationship

includes all aspects of sustainable development based on the given scenario. As
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a result of the analysis of her interview it is noticed that Asli described a cyclic
relationship about the scenario. Nevertheless, the cycle she portrayed was a
closed system which is not including any components from social or economic
aspects. Thus, Asli was classified in Level 2 for STS 5 (Table 4.25).

“Everything in this scenario draws a cycle. Animals, plants, nature are
all part of this cycle. They are all connected to the oxygen which is a
vital component for life. However, humans are not inside this cycle.

People’s actions cause to break this cycle.” (Question 9)

Table 4.25: Asli’s level of STS 5

STS Category (Cyclic nature of the Level

system)
STS 5- The Explanation on cyclic nature of the  Level 2: Explains
ability to systems including only cyclic relations in the
understand environment. scenario but does not
the cyclic includes all aspects of
nature of the sustainable
systems development.

4.3.2.6.STS 6- Thinking Temporally: Retrospection and Prediction
Participants were expected to propose future predictions about the scenario
considering all three aspects of sustainable development for sixth systems
thinking skill. Asli’s responses revealed that she can predict the future effects
of the scenario. Though, her prediction was concentrated on environmental
aspect. Asli was classified into Level 1 for STS 6 (Table 4.26)

“The issue discussed in the scenario will be threat for future because the
conditions for Kizilirmak are not stable and continuous. This project
may enable to increase the buffalo population but the environmental
problems in Kizilirmak will not resolve immediately. Wetlands in the

area were dried up. Recovering the nature can be rough.” (Question 13)
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Table 4.26: Asli’s level of STS 6

STS Category (Future predictions) Level

STS 6- Future predictions on environmental Level 1: Makes future
Thinking aspects predictions for only one
temporally: aspect of sustainable
Retrospection development

and prediction

4.3.2.7.STS 7- Developing an Empathy with Other People and Non-Human
Beings

Seventh systems thinking skill investigates participant’s ability to empathize
with other people and non-human beings. It is observed that Asli can develop
empathy with non-human beings like buffalos in the scenario. However, it is
observed that she puts humans out of the cycle she draws for the scenario and
blames farmers for their actions. It can be seen in her answer to question 11.
Because she cannot develop empathy with other people and non-human beings
at the same time Asli was classified in Level 2 for STS 7 (Table 4.27).

“People who organized this project [carried out in Kizilirmak] are
probably buffalo breeders, but I think they were self-oriented. If they
did not realize the severe impacts of decreasing buffalo population to
nature it would have terrible effects. It could cause extinction of local
buffalo species. Before protecting a species and its habitat people
usually think that if this species is important or not. This is a selfish
thought. 1 do not agree with this perspective. Every living creature is

important.” (Question 12)

Table 4.27: Asli’s level of STS 7

STS Category (Empathy) Level

STS 7- Developing Empathy  with  non-human Level 2: Struggle to
an empathy with beings develop empathy with
other people and both other people and
non-human beings non-human beings
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4.3.2.8.STS 8- Recognizing Own Responsibility in the System

Participants were expected to recognize their role in the system presented in the
scenario and take responsibility for their own actions. Asli seemed to make a
connection between her personal life and scenario. The quotation below

summarizes Asli’s point of view about the scenario. As a result, she was

classified in Level 3 for STS 8 (Table 4.28).

“Education may help to achieve the environmental problems depicted
in the scenario. Nevertheless, it still seems utopic to me. Even | do not
give enough attention to my actions and the things | buy. I have too
much stuff, but | know all the stuff | have is a responsibility for me.
Even if | do not need it | can buy something just because it is cheap.
There are t-shirts for 2 liras. When | think about the process, the
electricity, water, labor and other resources spent to make these t-shirts

I found 2 liras unreasonable.” (Question 7)

Table 4.28: Asli’s level of STS 8

STS Category (Personal relation) Level

STS 8- Making connection between issue and  Level 3: Makes
Recognizing  personal life connections between
own Taking responsibility issue and personal life
responsibility and takes responsibility

in the system

4.3.2.9.STS 9- Developing a Sense of Place

For ninth systems thinking skills participants were expected to consider
Kizilirmak from different dimensions. These dimensions may include
biophysical, political, psychological, or sociocultural. The questions 17 and 18
investigated the participants’ sense of place. In her responses Asli described
Kizilirmak in terms of biophysical dimension by emphasizing the nature of

Kizilirmak.
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“I did not know that wetlands are that much important for buffalos or
any other living being. | did not know pesticides and chemical
fertilizers give that much harm to the nature. | realized the importance
of Kizilirmak. ...For example, there is a bird paradise in Kizilirmak and
lots of bird species. Decrease in the population of these species effects

all ecosystem. (Question 17 & 18)

Table 4.29: Asli’s level of STS 9

STS Category (Sense of Place) Level

STS 9- Biophysical dimension Level 1: Defines place
Developing a as including one

sense of place dimension

4.3.3. Asl’s Definition of the System

In order to understand the conceptions about systems participants were asked

to define and exemplify system. Asli gave a simple definition for the system

and a detailed example.

“I define the system as a cycle which has different components.
Everything is interconnected in this cycle. There is an input, a process
and an output. ...When I think about systems, education system comes
to my mind because it has an input, process and output. Input is the
child. The education she takes in the school is the process. There are the
components of the school which are the books, friends, and style of her
teacher. Output is the child’s personality. She starts working and the
cycle begins again. The components of these systems are affecting each
other of course. For example, the child is coming from a family with
bad financial situation, does not have a cultural background, but school
gives her social mobility. So, process is affecting the input.” (Question

19 & 20)
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4.3.4. Summary for Asl’s Systems Thinking SkKills

In conclusion, Asli was reached at Level 3 for three systems thinking skills. It
Is observed that she is concentrated on the components from environmental
aspect more than the other two aspects of sustainable development for STS 1,
but she was able to identify components from them too. Other two STSs that
she rated in Level 3 was understanding hidden dimensions and recognizing
own responsibility (STS 4, STS 8). She showed a strong personal interaction
with the scenario. Asli was not able to reach at the highest rank in identifying
relationships within the system, recognizing the cyclic nature of the system and
developing empathy (STS 2, STS 5, STS 7). All connections she found in STS 2
were including a component from environmental aspect. Moreover, she
concentrated on environment in the three STSs she rated in Level 1 (STS 3, STS
6, STS 9). Lastly, in her systems definition she gave a valid definition for
system, but she did not exemplify a natural system. Instead, she showed a
systemic relation in education meaning that she did not considers systems in

natural cycles. Aslt’s overall levels for STS is presented in Table 4.30.
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Table 4.30: Asli’s overall levels of STS

Systems Thinking Skills (STS) LEVEL

STS 1- Identify components of a system and processes within the 3
system

STS 2- Identify relationships among the system’s components 2
STS 3- The ability to make generalizations 1
STS 4- Understanding hidden dimensions of the system 3

STS 5- The ability to understand the cyclic nature of the systems 2

STS 6- Thinking temporally: Retrospection and prediction 1

STS 7- Developing an empathy with other people and non- 2
human beings

STS 8- Recognizing own responsibility in the system 3
STS 9- Developing a sense of place 1
Ash

STS1 STS 2 STS3 STS 4 STS5 STS 6 STS7 STS 8 STS9

Figure 3: Asli's STS levels
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4.4.CASE 4: BURCU

4.4.1. Burcu’s Demographic Data

Burcu is a 23-year-old senior student from the elementary science education
department of one of the well-known universities in Turkey. She spent her
childhood in a small town. Even though she is interested in environment, she
has never been a member of a non-governmental organization or student group

about environment.

The only course related with environment and sustainability she took during
her undergraduate education is the mandatory environmental sciences course,
which discusses sustainability as a part of its curriculum. Also, she did not hear
the scenario before.

4.4.2. Burcu’s System Thinking Skills
Nine systems thinking skills presented in this thesis was evaluated with using
the interviews and the rubric developed for this thesis. Findings of the analysis

of Burcu’s interview is presented in this section, separated for each STS.

4.4.2.1.STS 1- Identify Components of a System and Processes Within the
System

Identifying components and processes was the first systems thinking skill in
this thesis. Participants were expected to list different components and
processes from different aspects of sustainable development. Questions 3 and 4
were used to collect evidence for the first systems thinking skill. Burcu listed
seven components and two processes related with environmental and one
component from social aspect of sustainable development. On the other hand,
there was no component related with economic aspect (Table 4.31). Thus, she
was classified in Level 2 for STS 1.
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“The components of this scenario are biodiversity, ecology, natural
balance, Kizilirmak basin, living organisms, chemical fertilizers, and
pesticides. Then there are changes like habitat destruction, decrease in
buffalo population and project to increase Social awareness...
Keywords in this scenario are; importance of biodiversity, food chain,

protection of Kizilirmak basin.” (Question 3 & 4)

Table 4.31: Burcu’s level of STS 1

STS Category (Components and Processes) Level
STS 1- Environmental Social Economic Level 2:
Identify Components: Components: Components: Identifies
components biodiversity, project No components
of asystem ecology, natural economic and
and balance, Processes: component  processes
processes Kizilirmak basin,  No social identified. from two
withinthe  living organisms,  process Processes: aspects of
system chemical identified. No sustainable
fertilizers, economic development
pesticides process
Processes: habitat identified.

destruction,
decrease in buffalo
population

4.4.2.2. STS 2- Identify Relationships Among the System’s Components

The second systems thinking skill is about the relationships within different
components and processes. Participants were expected to find out connections
between different components of the system presented in the scenario. Burcu
stated seven different connections within environmental components, three
different connections between environmental & economic components, one
connection between economic and social components and one connection
between environmental and social components. Nevertheless, no relationship

found in Burcu’s interview within social components, within economic
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components and between all three aspects of sustainable development (Table
4.32). Burcu was classified into Level 2, for STS 2.

“(insects and birds) The scenario tells that there is a diverse insect
population in the Kizilirmak basin. Birds are feeding with this insects
and Kizilirmak becomes a fruitful habitat for birds... (pesticides and
insects) However, pesticides cause decrease in insect population...
(chemical fertilizers and plants) There is a rich plant population in the
area but because of chemical fertilizers these plants are damaged...
(buffalo population and project) People needed to recover the habitat in
Kizilirmak, so they organized a social project to increase the buffalo
population... (nature of Kizilirmak and economic wellbeing) There is
also an economic component; professions like fishing and buffalo
breeding. People engaged in these professions depend on the nature to
make their living. When the nature of the Kizilirmak was damaged also
economic wellbeing of people [in the Kizilirmak] was damaged...
(buffalo population and biodiversity) Buffalos are controlling the
distribution of plants and other animals. Thus, when the buffalo
population decrease it also damages the biodiversity in the area...
(buffalo population and wetlands) Buffalos are living in the wetlands.
With pollution of wetlands by chemical fertilizers buffalo population
started to decrease. When there are less buffalo in the are people...
(agriculture and biodiversity) When people turned wetlands into
agricultural fields lots of species who live in the Kizilirmak affected.

Most of the plant layer and grassland was lost in the area.” (Question 5)

“(decrease in buffalo population and economy) Chemical fertilizers and
pesticides polluted the wetlands and make there unable to live for
buffalos. Consequently, buffalos and wetlands lost their economic value
for buffalo breeders and more people were started to engage in

agriculture... (awareness project and economy) An awareness project
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and a festival organized in the area to draw attention to buffalo farming
and raise the economic value of buffalos. New technology for buffalo
breeding and new buffalo products promoted with these activities...
(chemical fertilizers and biodiversity) Chemicals pollute wetlands and
destroy habitats of species who live there like fishes, insects, birds,
plants... (ecologic balance and buffalo breeding) The problems in the
ecosystem tried to be solved by supporting buffalo farming. Buffalo
breeding provides an alternative economic source for farming
[agriculture]. By this way, an ecologic balance could be established in

Kizilirmak.” (Question 6)
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Table 4.32: Burcu’s level of STS 2

STS Category (Connections) Level
STS 2- Identify Connections between environmental pesticides - insects Level 2:
relationships among components insects - birds Identifies
the system’s chemical fertilizers - plants relationships
components buffalo population - wetlands among two
agriculture - biodiversity different aspects
chemical fertilizers - biodiversity of sustainable
buffalo population - biodiversity development
Connections between social components - (relationships
. . between
Connections between economic components - economic —
R . . : —— social
Connections between environmental and nature of Kizilirmak - economic wellbeing components)

economic components

decrease in buffalo population - economy
ecologic balance - buffalo breeding

Connections between environmental and
social components

buffalo population - project

Connections between economic and social
components

awareness project - economy

Connections between environmental,
economic and social components




4.4.2.3.STS 3- The Ability to Make Generalizations

Ability to make generalizations was the third systems thinking skill in
this study. This skill evaluates the participant’s ability to discuss their
conceptions of the present scenario into another context with
considering environmental, economic and social. According to the
interviews, Burcu was able to generalize the scenario from the
environmental and economic perspective. Therefore, she was
classified in Level 2 for STS 3 (Table 4.33)

“As it is also seen in this scenario people do not know how
natural cycles work. We [as human beings] should learn more
about nature. Only students majored in biology have detailed
information about ecology. However, all people should know
their place and effects on nature. When we do not know the
relationship between us and other living organisms like
animals and plants, their life may seem worthless. On the
contrary, even a small ant has a unique place in the nature.
Because people do not acknowledge natural connections they
just consider economic efficiency while changing a component

in nature.” (Question 9)

Table 4.33: Burcu’s level of STS 3

STS Category Level

STS 3- The Generalizations on Level 2: Identifies two

ability to make environmental aspect aspects of sustainable

generalizations Generalizations on economic development while
aspect making generalizations
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4.4.2.4.STS 4- Understanding Hidden Dimensions of the System

Fourth systems thinking skills was about finding out the hidden
dimensions in the scenario. These hidden dimensions can be
components that are not specifically pointed out in the text. For
example, even though sustainable development was not directly
stated, Burcu listed this concept as one of the components of the
scenario in the fourth question. In addition, she proposed sustainable

development as a solution to the problems in the Kizilirmak area.

About sustainable development: “If I design a project to solve
the problems in the Kizilirmak basin, first I would express the
meaning of sustainable development, and why it is important
to adopt this concept to our lives. Pesticides, buffalos, local
products, and animals are all necessary components of
Kizilirmak, and they can be considered as a whole, in terms of

sustainable development.” (Question 16)

In addition, Burcu mentioned ecologic balance and health which can
be considered as hidden dimensions. In one of her responses, she

connected ecological balance and health:

About ecological balance and health: “If there are more and
more agricultural fields in Kizilirmak, there is less place to live
for living beings. This will disturb the ecologic balance...May
be farmers will harvest more crops at the end and improve
their economic wellbeing. However, the products will be full

of toxic chemicals and impair people’s health.” (Question 11)

In total, Burcu listed three component as hidden dimensions, which
are, sustainable development, ecological balance and health. As a
result, she was classified into Level 3, for STS 4 (Table 4.34).
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Table 4.34: Burcu’s level of STS 4

STS Category (Hidden dimensions)  Level

STS 4- Sustainable development Level 3:
Understanding Ecologic balance Identifies three or
hidden Health more hidden
dimensions of dimensions from
the system the scenario

4.4.2.5.STS 5- The Ability to Understand the Cyclic Nature of the
Systems

The fifth systems thinking skill in this thesis was about recognizing

the cyclic relationships in the system. Participants were expected to

find cyclic relationships between different aspects of sustainable

development.

In one of her answers Burcu portrayed a cyclic relationship between
environmental (ecological balance), economic (economic wellbeing)
and social (health) components from the scenario. Thus, she was
classified in Level 3 for STS 5 (Table 4.35).

“If there are more and more agricultural fields in Kizilirmak,
there is less place to live for living beings. People will take
away their habitats. This will disturb the ecologic balance.
There will be more environmental pollution due to pesticides
and chemicals used for agriculture. As a result, insects will be
lost. Then birds will be affected and leave the Kizilirmak
region. Correlatively, plants and other livings will be harmed.
May be farmers will harvest more crops at the end and
improve their economic wellbeing. However, the products will
be full of toxic chemicals and impair people’s health.”

(Question 11)
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Table 4.35: Burcu’s level of STS 5

STS Category (Cyclic nature of the  Level

system)
STS5- The Explanation on cyclic nature of  Level 3: Explains
ability to the systems including “cyclic” relations
understand  environment, economy and in the scenario
the cyclic society. and contains three
nature of aspects
the systems (environment,

economy, society)

4426.STS 6- Thinking Temporally: Retrospection and
Prediction

Understanding the present actions will have future effects and making

predictions about these effects was the main idea of the sixth systems

thinking skill. In her interview, Burcu proposed future predictions

about ecologic balance and public health.

“Chemicals used in agriculture impact both nature and people.
It will cause biodiversity loss around Kizilirmak in the future.
There may be lost species which have not even recorded. It is
not about losing only one species, others connected to them in
the food chain will also be affected. On the other hand,
chemicals also toxify water, soil, air. This will affect public

health and can cause illnesses in the future.” (Question 12)

The quotation above portrays Burcu’s future predictions on
environment and society, but economy aspect of sustainable
development was not seen among her answers. Therefore, she was
classified into Level 2 for STS 6 (Table 4.36).
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Table 4.36: Burcu’s level of STS 6

STS Category (Future predictions)  Level

STS 6- Future predictions on Level 2: Makes
Thinking environmental aspects future predictions
temporally: Future predictions on social for two aspects of
Retrospection  agpects sustainable

and prediction development
4.4.2.7.STS 7- Developing an Empathy with Other People and

Non-Human Beings

The seventh systems thinking skills considers participants ability to

develop empathy with other people and non-human beings. As a result

of the

interview analysis it is observed that, Burcu shows empathy

towards both other people and non-human beings in the scenario.

Empathy towards non-human beings: “If there are more and
more agricultural fields in Kizilirmak, there is less place to live
for living beings. People will take away their habitats. This

will disturb the ecologic balance.” (Question 11)

Empathy towards other people: “If I design a project to solve
the problems in the Kizilirmak basin, first I would express the
meaning of sustainable development, and why it is important
to adopt this concept to our lives... I would make a
comparison between sustainable agriculture, buffalo breeding
and using chemicals instead of directly telling chemicals are
dangerous. | would show them they can make money without
harming nature with chemicals. Otherwise people may react to
the new techniques because they are earning their living from

agriculture and buffalo breeding.” (Question 16)

By mentioning the importance of natural habitats for animals Burcu

showed that she can empathize with non-human beings and by
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mentioning farmers’ economic concerns she showed that she can
empathize with other people. Accordingly, she was classified into
Level 3 for STS 7.

Table 4.37: Burcu’s level of STS 7

STS Category (Empathy) Level

STS 7- Developing Empathy with other Level 3: Considers
an empathy with people other people’s

other people and Empathy with non-human ~ Perspective and
non-human beings  peings non-human beings in

a complete way

4.4.2.8.STS 8- Recognizing Own Responsibility in the System

The eight systems thinking skill discussed in this thesis was
recognizing own responsibility. Participants were expected to make a
connection between the issue and her personal life and takes
responsibility for their actions. In her response to the question 17,
Burcu made a connection between the scenario and her personal life.
However, she did not define a responsibility for herself about the
scenario. Thus, Burcu was classified in Level 2 for STS 8 (Table
4.38).

“As human beings we are also part of the food chain in the
nature. Therefore, the imbalance in the nature of Kizilirmak
will affect me. For example, | will eat these crops produced
with chemicals. They will affect my health.” (Question 17)

Table 4.38: Burcu’s level of STS 8

STS Category (Personal relation)  Level

STS 8- Making connection between Level 2: Struggle to
Recognizing issue and personal life make connections
own between issue and
responsibility personal life &

in the system taking responsibility
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4.4.2.9.STS 9- Developing a Sense of Place

Developing a sense of place means understanding different
dimensions of a place, for this thesis, Kizilirmak basin. Participants
were expected to acknowledge biophysical, political, psychological
and sociocultural meanings of Kizilirmak basin. During the interview

Burcu only defined biophysical meaning of Kizilirmak. Therefore, she

was classified in Level 1 for STS 9 (Table 4.39).

“I did not know anything about Kizilirmak before, I realized
its importance now. It is a habitat for lots of different species.
It is a unique place for the living creatures. Kizilirmak is an
important place for me because of this wide biodiversity.”
(Question 18)

Table 4.39: Burcu’s level of STS 9

STS Category (Sense of Place) Level

STS 9- Biophysical dimension Level 1: Defines
Developing a place as including
sense of place one dimension

4.4.3. Burcu’s Definition of the System

In questions 19 and 20 participants were asked to define and
exemplify the system in order to understand their conceptions on
system. Burcu defined system with its relationships and explained

ecosystem as an example.

“A system has its own components. The relationships between
these components form the system itself... For example,
consider an ecosystem. There are little systems that form the
ecosystem, like water system, soil system, air system... There
are interactions between these little systems. Also, there are
processes inside them. When a disconnection occurs between
these components, the continuity of the system is interrupted.

(Question 19 & 20)
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4.4.4. Summary for Burcu’s Systems Thinking Skills

All in all, for three systems thinking skills Burcu was rated in Level 3
(STS 4, STS 5, STS 7). On the other hand, for five systems thinking
skills she was rated in Level 2 (STS 1, STS 2, STS 3, STS 6, STS 8).
Ability to find components and processes within the systems (STS 1)
was one of them. Burcu was the only participant who did not identify
any component or processes from the economic aspect of sustainable
development while naming the components of the scenario. It is
observed that she is concentrated in environmental components by far.
Accordingly, most of the connections she found were the ones within
environmental components (STS 2). Even though, she achieved to
find out connections within different aspects of sustainable
development, they were mostly in between environment and other
aspects. The only systems thinking skill Burcu was rated in Level 1
was the STS 9, developing a sense of place. She defined only
biophysical meaning for Kizilirmak basin. Lastly, it is observed that
Burcu’s system definition was simple but accurate. Also, from her
example to system it is understood that she was able to recognize that
systems components can be systems, too. Her overall STS scores are
presented in Table 4.40.
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Table 4.40: Burcu’s overall STS levels

Systems Thinking Skills (STS) LEVEL
STS 1- Identify components of a system and processes within 2
the system

STS 2- Identify relationships among the system’s 2
components

STS 3- The ability to make generalizations 2
STS 4- Understanding hidden dimensions of the system 3
STS 5- The ability to understand the cyclic nature of the 3
systems

STS 6- Thinking temporally: Retrospection and prediction 2
STS 7- Developing an empathy with other people and non- 3
human beings

STS 8- Recognizing own responsibility in the system 2
STS 9- Developing a sense of place 1

Burcu

STS1 STS2 STS3  STS4  STS5 STS6  STS7  STS8  STS9

Figure 4: Burcu's STS levels
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4.5.CASE 5: YAPRAK
45.1. Yaprak’s Demographic Data

Yaprak, is a 23-year-old senior student from the elementary science
education department of one of the well-known universities in Turkey.
She spent her childhood in a small region of a big city. She has never
joined a non-governmental organization or student group about
environment or sustainable development, but she stated that she is
interested in being part of a community about environment and she is
interested in recycling. She attended garbage collection activities at

the spring festival of her university.

Yaprak took mandatory environmental sciences course of her
department. Additionally, she took an elective course on education

and sustainability. She did not hear the scenario before.

4.5.2. Yaprak’s System Thinking Skills
Yaprak’s level for each systems thinking skill was analyzed by using
her interview and the rubric developed in this thesis. Analysis for each

systems thinking skill is presented in this section.

45.2.1.STS 1- Identify Components of a System and Processes
Within the System

Answers of questions 3 and 4 in the interview were used to analyze
STS 1. Yaprak found out 9 different components and processes from
environmental aspect, two different components from social aspect
and four different components from economic aspect of sustainable
development (Table 4.41). Even though environmental components
are predominating in her case, because she identified components
from all aspects of sustainable development, she was classified in
Level 3 for STS 1.
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“The components of this scenario are human, agriculture,

geography...
Biodiversity, economy, economic development, economic

economy, ecosystem, animals, biodiversity,
efficiency in the use of natural sources, education, interactions
within species can be keywords for this scenario. Expanding
agricultural fields, chemical fertilizers, sources of living,

natural habitats can also be listed as keywords.” (Question 3 &

4)

Table 4.41: Yaprak'’s level of STS 1

STS Category (Components and Processes) Level
STS 1- Environmen  Social Economic Level 3:
Identify tal Identifies
components Components Component Component component
of asystem :agriculture, s: human, s: economy, sand
and ecosystem,  education economic processes
processes animals, Processes:  developmen fromall
within the biodiversity, No social t, economic  three
system geography,  process efficiency,  aspects of

chemical identified.  sources of  sustainable

fertilizers, living developme

natural Processes: nt

habitats No

Processes: economic

expanding process

agricultural identified.

fields,

interactions

within

species
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4522.STS 2- Identify Relationships Among the System’s
Components
Yaprak stated 9 connections within environmental components, one
connection within social components and two connections within
economic components and three connections between environmental
& economic components. On the other hand, there was no connection
between environmental and social components, between economic &
social components and between all three aspects of sustainable
development is not observed in Yaprak’s responses (Table 4.42).

Based on this evidence, she was classified into Level 2, for STS 2.

“(buffalo population and chemical fertilizers) Buffalos are
spending too much time in water but water sources around
Kizilirmak were polluted because of chemical fertilizers. This
is one of the reasons of decrease in buffalo population...
(depletion of wetlands and biodiversity) Depletion of wetlands
not only affects buffalos but also affects other livings in the
area. Fishes, plants, birds can be impacted... (sale of buffalo
products and buffalo population) With the awareness project
people living in the Kizilirmak region learned to produce new
buffalo products. This will impact the buffalo population...
(patent rights- buffalo breeding) Buffalo breeders’ cooperative
got patent rights for new buffalo products. This fact may

encourage people to engage in buffalo breeding.” (Question 5)

“(plants and birds) Plants provide shelter for birds... (birds
and fishes) Plants use fishes as a food source... (plants and
buffalos) Buffalos use plants as a food source... (wetlands and
buffalos) Wetlands are the natural habitat of buffalos...
(buffalos and buffalo breeding) People are related to buffalos

with economic reasons. They are earning their living from
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buffalo breeding... (pesticides and biodiversity) Pesticides are
damaging the ecosystem and have negative impacts on
biodiversity... (wetlands and birds) Wetlands provide shelter
and food for birds... (biodiversity and economy) If biodiversity
is preserved people can retain their economic activities...
(public awareness and education) There is a need for public
awareness to preserve ecosystem. Education is the solution to
develop an awareness... (biodiversity and economy) When
buffalo breeding provided more money people in the
Kizilirmak region started to protect buffalos. If people need a
species for economic growth they preserve it... (technology
and economy) Technology provided an economic source for
people. They started to produce new and high-quality products.
Also new sales channels formed by using technology.”
(Question 6)

“(geography and biodiversity) Geography affects biodiversity.
Existence of wetlands, the physical structure of the land,
productivity of soil affects the plant and animal species...
(economy and biodiversity) People’s economic activities
impact other living species. For example, fishing may cause
decreasing of fish population or agriculture may impact other

livings in the area.” (Question 7)
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Table 4.42: Yaprak’s level of STS 2

STS Category (Connections) Level

STS 2- Connections between environmental buffalo population - chemical fertilizers Level 2: Identifies
Identify components depletion of wetlands - biodiversity relationships among
relationships plants - birds two different aspects of
among the birds - fishes sustainable

system’s plants - buffalos development
components geography - biodiversity (e.g. relationships

wetlands - buffalos
pesticides - biodiversity
wetlands - birds

Connections between social components

public awareness - education

Connections between economic
components

patent rights - buffalo breeding
technology - economy

Connections between environmental and
economic components

sale of buffalo products - buffalo population

buffalos - buffalo breeding
biodiversity - economy

Connections between environmental and
social components

Connections between economic and
social components

Connections between environmental,
economic and social components

between environmental
— social components)




4.5.2.3.STS 3- The Ability to Make Generalizations

In her responses to the interview, Yaprak pointed out a generalization including
economy and environmental aspect. She drew attention to the relationship
within agricultural production, economy and climate change in other regions of
Turkey. As a result, Yaprak was classified into Level 2, for STS 3 (Table 4.43).

“In order to establish sustainable development, it is necessary to protect
natural habitats for other species. For example, there is sunflower
production in Trakya region of Turkey. However, because of the effects
of climate change profitability of the farming is decreasing. Changing
in natural variables influences economy. To obtain a sustainable system

protection of nature is critical.” (Question 10)

Table 4.43: Yaprak's level of STS 3

STS Category Level
STS 3-The Generalizations on environmental Level 2: Identifies two
ability to make aspect aspects of sustainable

generalizations  Generalizations on economic aspect ~ development while
making generalizations

4.5.2.4.STS 4- Understanding Hidden Dimensions of the System

Throughout the interview, Yaprak stated five hidden dimensions which are
geography, education, sustainability, climate change and internal migration. As
a result, she was classified in Level 3 for STS 4 (Table 4.44). Yaprak named
sustainability as one of the components in the scenario. For other hidden

dimensions, quotations were given below.

About geography: “Geography affects biodiversity. Existence of
wetlands, the physical structure of the land, productivity of soil affects

the plant and animal species” (Question 7)

About education: “There is a need for public awareness to preserve
ecosystem. Education is the solution to develop an awareness.”

(Question 6)
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About internal migration: “People who live in the Kizilirmak region
might want to move to bigger cities to work on different jobs. They
might want to gain more money. This could be the initial reason for

decreasing popularity of buffalo breeding.” (Question 14)

About climate change: “...Because of the effects of climate change

profitability of the farming is decreasing.” (Question 10)

Table 4.44: Yaprak’s level of STS 4

STS Category (Hidden dimensions) Level

STS 4- Geography Level 3: Identifies
Understanding  Education three or more
hidden Sustainability hidden dimensions
dimensions of  ~jimate change from the scenario
the system Migration

4.5.2.5.STS 5- The Ability to Understand the Cyclic Nature of the Systems
In her concept map Yaprak, connected almost all components to each other.
She explained that all the components in the concept map are influencing each
other and commented about these interactions. This evidence provided the clue
for Yaprak’s ability to understand cyclic nature in the scenario with all aspects
of sustainable development in these responses. Therefore, she was classified
into Level 3 for STS 5 (Table 4.45).

“Interferences to the ecosystem will have harmful effects to both nature
and humans. First of all, the plants and animals that people feed will
decrease because we (as humans) are changing their habitats. The
balance in the nature is already breaking down because of us, there is
climate change, melting of glaciers... If I were living in Kizilirmak and
fed with these buffalo products the problems in this scenario may
influence my life, too, in terms of health and economy. Besides the

ecosystem will be damaged and all livings will be affected.” (Question
12)
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Table 4.45: Yaprak’s level of STS 5

STS Category (Cyclic nature of the system) Level

STS 5- The Explains cyclic nature of the system Level 3: Explains
ability to considering all aspects of sustainable  “cyclic” relations in
understand the  development. the scenario and
cyclic nature contains three

of the systems aspects

(environment,
economy, society)

4.5.2.6.STS 6- Thinking Temporally: Retrospection and Prediction

The quotation given in 4.5.2.5., also includes Yaprak’s predictions on the
scenario. By mentioning nature, economy and health issues in her response
Yaprak presented the possible future outcomes of the text in her opinion.
Because components from all aspects of the scenario were discussed she was
classified into Level 3 for STS 6 (Table 4.46).

Table 4.46: Yaprak's level of STS 6

STS Category (Future predictions) Level

STS 6- Future predictions on environmental Level 3: Makes
Thinking aspects future predictions
temporally: Future predictions on economic aspects for three aspects
Retrospection  Fuyture predictions on social aspects of sustainable
and prediction development

4.5.2.7.STS 7- Developing an Empathy with Other People and Non-Human
Beings

Yaprak showed that she can empathize with other people by explaining the

reasons of decreasing buffalo population in the perspective of buffalo breeders.

Also, she criticized the industrial farming in the animals’ point of view, which

gave evidence for her empathy towards non-human beings. Based on her

answers quoted below, she was classified into Level 3 for STS 7 (Table 4.47).
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“People who live in the Kizilirmak region might want to move to bigger
cities to work on different jobs. They might want to gain more money.
This could be the initial reason for decreasing popularity of buffalo
breeding. Buffalo breeding requires hard work but not give too much

money. It does not seem like an easy profession.” (Question 14)

“Unconscious interventions to nature like overhunting and factory
farming have negative effects on animals and plants. There is no
freedom for animals in the factories. They need to live in the
wilderness, in the wetlands. People should not have right to decide

whether they can live or not.” (Question 7)

Table 4.47: Yaprak's level of STS 7

STS Category (Empathy) Level

STS 7- Empathy with other people Level 3: Considers other
Developing an  Empathy with non-human beings people’s perspective and
empathy with non-human beings in a
other people complete way

and non-

human beings

4.5.2.8.STS 8- Recognizing Own Responsibility in The System

Yaprak pointed out that her personal experiences. It is observed that she can
relate the scenario with her personal life. Also, she defined a responsibility for
herself while reasoning about the scenario. Thus, she was classified into Level
3 for STS 8 (Table 4.48).

“There were cattle and chickens around the place I grew up, but now
there are not because of urbanization. Even a road construction

damages the habitats of other species.” (Question 10)

“People can live with less. We are exaggerating our expanses. If all
houses have a garden everyone can grow their own food and can

exchange their crops with each other. This will help to protect nature.”
(Question 9)
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Table 4.48: Yaprak’s level of STS 8

STS Category (Personal relation) Level

STS 8- Making connection between issue  Level 3: Makes
Recognizing and personal life connections between
own Taking responsibility issue and personal life
responsibility and takes

in the system responsibility

4.5.2.9.STS 9- Developing a Sense of Place

When she was asked to talk about the meaning of Kizilirmak to her, Yaprak
described biophysical dimension of the place. This description classified her
into Level 1 for STS 9 (Table 4.49).

“Kizilirmak basin consists of lots of lakes, wetlands and variety of
species. Having this variety of natural components in a place is crucial
in my opinion. It is necessary to protect this land to have natural
balance. This rich environment supports life of humans, animals and
plants.” (Question 18)

Table 4.49: Yaprak's level of STS 9

STS Category (Sense of Place) Level

STS 9- Biophysical dimension Level 1: Defines place
Developing a as including one

sense of dimension

place

4.5.3. Yaprak’s Definition of the System
Yaprak’s described system as a structure composed of interacting processes
and gave education system as an example. Her description and example are

given in the quote below.

“A system is a continuously working structure which has a process,

interactions... For example, education system. There are people,

curriculum, schools and buildings, teachers, students, managers, and

ministry of education in this system. They are all connected and
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responsible from each other. They are all works in an order. Simply,

there is a curriculum, teacher is influenced by this curriculum and as a

result, children are raised with this curriculum.” (Question 19 & 20)

4.5.4. Summary for Yaprak’s Systems Thinking Skills

In conclusion, Yaprak drew a high profile in systems thinking. She was rated in
Level 3 for six systems thinking skills (STS 1, STS 4, STS 5, STS 6, STS 7 and
STS 8), and Level 2 for two systems thinking skills (STS 2 and STS 3). The

only systems thinking skill she was rated in the lowest level was “developing a

sense of place” (STS 9). It was observed that she was concentrated in the

biophysical dimension of place, like other participants. Additionally, it was

observed that she had a concrete definition for system. She explained system of

education as example of system, like Asli.

Table 4.50: Yaprak’s overall STS levels

Systems Thinking Skills (STS) LEVEL
STS 1- Identify components of a system and processes within the 3
system

STS 2- Identify relationships among the system’s components 2
STS 3- The ability to make generalizations 2
STS 4- Understanding hidden dimensions of the system 3
STS 5- The ability to understand the cyclic nature of the systems 3
STS 6- Thinking temporally: Retrospection and prediction 3
STS 7- Developing an empathy with other people and non-human 3
beings

STS 8- Recognizing own responsibility in the system 3
STS 9- Developing a sense of place 1
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Yaprak

STS1 STS2 STS3 STS 4 STS5 STS6 STS7 STS8 STS9

Figure 5: Yaprak's STS levels
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4.6.CASE 6: DENIZ
4.6.1. Deniz’s Demographic Data

Deniz is a 23-year-old forth year student from the elementary science
education department of one of the well-known universities in Turkey. She was
grown in a small village. She has never been a member of any non-
governmental organization or student group about environment. However, she

attended a tree planting event.

She took the environmental science course of her department which issues
sustainability in its context, but she did not hear the scenario before
participating in this study.

4.6.2. Deniz’s System Thinking Skills
Interviews were analyzed by using the rubric developed for this study. Findings
for each systems thinking skill and Deniz’s levels of STS is presented in the

present section.

4.6.2.1.STS 1- Identify Components of a System and Processes Within the
System

Deniz listed 8 different components from environmental aspect and two

different components from economic aspect of sustainable development.

However, she did not identify any component from social aspect. Therefore,

she was classified into Level 2 for STS 1 (Table 4.51).

“Chemicals, plants and animals can be components of this case... The
keywords in this scenario are population of species, drought, loss of
biodiversity, loss of economic value of products, technology, chemical

fertilizers, pesticides, nature, and agriculture.” (Questions 3 & 4)
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Table 4.51: Deniz’s level of STS 1

STS Category (Components and Processes) Level

STS 1- Environmental Social Economic Level 2:

Identify Components: Components: Components: Identifies

components plants, animals, No social technology =~ components

of asystem drought, chemical component and

and fertilizers, identified. Processes: processes

processes pesticides, nature, loss of from two

withinthe  agriculture Processes: economic aspects of

system Processes: loss of  No social value of sustainable
biodiversity process products development

identified.

4.6.2.2.STS 2- Identify Relationships Among the System’s Components

Deniz identified five different connections within environmental components,
one different connections within economic components and two different
connections between environmental and economic components. In contrast, she
did not state any connections within social components, between
environmental and social components, between economic and social
components and all three aspects of sustainable development. Therefore, she
was classified into Level 2 for STS 2.

“(birds and insects) Immigrant birds come to Kizilirmak from all over
the worlds and rest in there. Insects of the delta are the food source for
these birds... (buffalo population and other living organisms) Buffalos
are affecting the population of other animals and plants... (buffalos and
economy) Buffalo products hold an economic value for people in the
region. They earn their living from buffalos... (agriculture and
biodiversity) Agricultural fields are damaging the natural habitats for

most of the species and cause biodiversity loss.” (Question 5)

“(chemicals and biodiversity) Chemicals used in agriculture cause
drought and toxifying productive soil. This affects plants and animals

living in the Kizilirmak basin... (chemicals and economy) Losing
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productive agricultural fields because of chemicals cause economic loss
for people... (wetlands and biodiversity) Wetlands are important for
most of the species in the area. Water is a vital source for life... (local
economy and national economy) With encouraging buffalo breeding
there is an attempt to improve local economy. There is an economic
development in the Kizilirmak region. On the other hand,
improvements in local economy will also lead to improvements in
national economy because all country will use the products produces in
the Kizilirmak.” (Question 6)
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Table 4.52: Deniz’s level of STS 2

STS Category (Connections) Level

STS 2- Identify ~ Connections between environmental birds - insects Level 2: Identifies
relationships components buffalo population - other living organisms ~ relationships among
among the agriculture - biodiversity two different
system chemicals - biodiversity aspects of
components sustainable

wetlands - biodiversity

Connections between social components

Connections between economic components

local economy - national economy

Connections between environmental and
economic components

buffalos - economy
chemicals - economy

Connections between environmental and
social components

Connections between economic and social
components

Connections between environmental,
economic and social components

development

(e.g. relationships
between
environmental —
social components)




4.6.2.3.STS 3- The Ability to Make Generalizations

In terms of generalizations Deniz’s interview has weak clues. It cannot be
claimed that she could transfer her perception on the scenario into other
settings. However, she pointed out phenomenon like global warming, droughts,
water shortages related with environment in a general context. Therefore, she

was classified into Level 1 for STS 3.

Table 4.53: Deniz’s level of STS 3

STS Category Level

STS 3- The Generalizations on Level 1: Identifies one aspect
ability to make  environmental aspect of sustainable development
generalizations while making generalizations

4.6.2.4.STS 4- Understanding Hidden Dimensions of the System

During the interview, Deniz pointed out three hidden dimensions, which were
water shortages, global warming and genetically modified organisms.
Accordingly, she was classified into Level 3 for STS 4.

About global warming and water shortages: “Damaging water
resources means damaging the life source for all living organisms. It
may cause extinction of species and destruction of natural balance. Our
country can face with water shortages because of these actions. Besides,

losing fresh waters can support global warming.” (Question 12)

About GMOs: “In the future, Kizilirmak will dry out and turn into an
unproductive land. Agriculture with GMOs and chemicals are common

nowadays, but they are harming nature.” (Question 11)
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Table 4.54: Deniz’s level of STS 4

STS Category (Hidden dimensions) Level

STS 4- Global warming Level 3: Identifies
Understanding Water shortages three or more hidden
hidden dimensions  gMOs dimensions from the
of the system scenario

4.6.2.5.STS 5- The Ability to Understand the Cyclic Nature of the Systems

When Deniz’s concept map and interview was analyzed, it was observed that
she was able to see the cyclic nature of the scenario. A quotation taken from
her explanation of her concept map is presented below. Her response has the
evidence for her cyclic thinking of the system, but she does not include social

aspects in that cycle. Thus, she was classified into Level 2 for STS 5.

“There is a lake ecosystem in Kizilirmak. At first, footprints of buffalos
provide shelter for fishes and frogs. At the same time, buffalos are
living in the wetlands and grasslands in the area. If fish population is
increased, fishers will gain more money. Increasing in buffalo
population may also support the protection of wetlands and this will

support the insect population in the area.” (Question 6)

Table 4. 55: Deniz’s level of STS 5

STS Category (Cyclic nature of the Level

system)
STS 5- The Explains cyclic nature of the Level 2: Explains
ability to system for environmental and cyclic relations in the
understand the ~ economic aspects. scenario but does not
cyclic nature of includes all aspects of
the systems sustainable

development.
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4.6.2.6.STS 6- Thinking Temporally: Retrospection and Prediction
While making predictions on scenario Deniz focused on environmental and
economic aspects of sustainable development. Because she did not consider

social aspect to her predictions, she was classified in Level 2 for STS 6.

“With agriculture, every year Kizilirmak basin will be damaged more.
It will result in drought and extinction of species. Even though
agriculture may be beneficial for local economy, it will have negative
impacts on biodiversity. Additionally, while there will be more fruits
and vegetables, production of dairy products will decline. After fresh
water resources are polluted, it will be challenging to reverse these
negative effects. Destruction of natural balance in the region can

support global warming. It will not be a bright future.” (Question 11)

Table 4.56: Deniz’s level of STS 6

STS Category (Future predictions) Level

STS 6- Future predictions on environmental Level 2: Makes
Thinking aspects future predictions
temporally_: Future predictions on economic aspects for two aspects of
Retrospection sustainable

and prediction development

4.6.2.7.STS 7- Developing an Empathy with Other People and Non-Human
Beings

In general, Deniz developed empathy with other people in the area from the

economic perspective. Nevertheless, it cannot be clearly observed that she

could develop empathy with non-human beings. Even though she stated that

water is a vital source for every living being, there was no elaboration on this

statement. Therefore, she was classified into Level 2 for STS 7.

“If I were a buffalo breeder and all fields around me were being turned
into agricultural lands I may not be able to hold on to my profession.

Because there would not be enough grasslands for buffalos, | may need
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to buy food to feed my animals. It will decrease the quality of the dairy
products obtained from these animals as well as it brings an economic
load. So, I cannot not carry out buffalo breeding anymore and will have

to engage in agriculture.” (Question 15)

Table 4.57: Deniz’s level of STS 7

STS Category (Empathy) Level

STS 7- Developing  Empathy with other Level 2: Struggle to
an empathy with people develop empathy with
other people and both other people and
non-human beings non-human beings

4.6.2.8.STS 8- Recognizing Own Responsibility in The System

Deniz’s response for the question about human and nature relationship, was
including clues of her recognition of her responsibility. Even though Deniz
acknowledges the results of her actions in nature as a human being, she did not
state any personal connection with the presented scenario. Thus, she was
classified into Level 2 for STS 8.

“We [as human beings] are in a complete interaction with nature but
people manipulate nature way too much. On the other hand, we need to
synchronize with nature instead of making it to synchronize with us.”
(Question 12)

Table 4.58: Deniz’s level of STS 8

STS Category (Personal Level

relation)
STS 8- Taking responsibility Level 2: Struggle to make
Recognizing own connections between issue
responsibility in and personal life & taking
the system responsibility
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4.6.2.9.STS 9- Developing a Sense of Place

Deniz stated biophysical and political dimensions of the Kizilirmak in her
responses to the questions 17 and 18. For biophysical dimension she pointed
out the natural balance in the area. For political dimension, she stated the role

of the Kizilirmak basin in the national economy.

About politic economic meaning: “I consider Kizilirmak as a natural
value. People are doing fishing and animal breeding in the area. It is
also a resource for humans, for food and for economy. Additionally,
protection of this habitat is vital for natural balance worldwide. Because

it may affect global warming or natural cycles.” (Question 17)

About biophysical meaning: “Even though I did not realize how
Kizilirmak influences my life before, it is important for me. If we are
sharing this world, having the natural habitat and natural balance

without chemicals is important.” (Question 18)

Table 4.59: Deniz’s level of STS 9

STS Category (Sense of Place) Level
STS 9- Biophysical dimension Level 2: Defines place as
Developinga  Politic- Economic dimension including two dimensions

sense of place

4.6.3. Deniz’s Definition of the System
Deniz defined system by emphasizing the interactions between its components.
Her example of the system depicts a cycle inside an ecosystem. The definition

and her response are given below.

“A cycle with elements which are effecting each other in a continuous
relationship... Think about a lake. Starts with the vaporization of water
in the lake then condensation of it on a mountain top and turning into
the soil again. It feeds the groundwater resources in there. Soil will

filtrate this water and makes it a fresh water source underground. May
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be plants will use it. Then it will turn lake again to be used by other
animals. It is a continuous cycle...The lake, water, animals, plants,
rivers, air, humans, soil, trees would be the elements of this system.”

(Questions 19 & 20).

4.6.4. Summary for Deniz’s Systems Thinking Skills

Deniz was classified in Level 3 for only two systems thinking skill, which are
STS 1 and STS 4. These two systems thinking skills showed the highest ranks
for all participants. However, she portrayed a moderate rating for other six
systems thinking skill (STS 2, STS 5, STS 6, STS 7, STS 8). The only systems
thinking skill she scored in Level 1 was “the ability to make generalizations”
which has low scores for other participants, too. Additionally, Deniz’s systems
definitions showed that she has a basic understanding for systems. As a matter
of fact, she explained water cycle as the example of the system, which is a

concept used in the systems thinking literature (see Chapter 1).
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Table 4.60: Deniz’s overall STS levels

Systems Thinking Skills (STS) LEVEL

STS 1- Identify components of a system and processes within the 3
system

STS 2- Identify relationships among the system’s components 2
STS 3- The ability to make generalizations 1
STS 4- Understanding hidden dimensions of the system 3
STS 5- The ability to understand the cyclic nature of the systems 2
STS 6- Thinking temporally: Retrospection and prediction 2

STS 7- Developing an empathy with other people and non- 2
human beings

STS 8- Recognizing own responsibility in the system 2
STS 9- Developing a sense of place 2
Deniz

STS1 STS 2 STS3 STS 4 STS5 STS6 STS7 STS 8 STS9

Figure 6: Deniz's STS levels
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CHAPTERS

DISCUSSION, CONCLUSION AND IMPLICATIONS

In this chapter, summary of the study, discussion, conclusion and implications
of the findings, and recommendations for further research are presented.

5.1.Systems Thinking Levels of Pre-Service Science Teachers

In this thesis pre-service science teachers’ levels of systems thinking are
analyzed. Systems thinking skills are determined based on the systems thinking
skills defined by Ben-Zvi Assaraf and Orion (2005) and Karaarslan (2016).

The first skill investigated in this thesis was identifying components of a
system, and processes within the system (STS 1). Identifying components and
processes were presented in Ben-Zvi Assaraf and Orion (2005) as the initial
skill of systems thinking. In the literature, this skill was discussed in the
context of water cycle (Ben-Zvi Assaraf, 2005; Lee et al., 2017); climate
system (Shepardson et al. 2014); rock and carbon cycle (Sibley, Anderson,
Heidemann, Merrill, Parker & Szymanski, 2007); human circulatory system
(Raved & Yarden, 2014); ecosystems (Eilam, 2012) and sustainable
development (Karaarslan, 2016). Researchers implied that with implementation
identifying different components of a system can display an improvement
(Ben-Zvi Assaraf & Orion, 2005; Raved & Yarden, 2014). Similar with
Karaarslan (2014), in this thesis ability to identify components and processes
evaluates the ability to point out the components and processes within the

scenario, from all aspects of sustainable development, but there was not any
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implementation. Almost all participants were reached at the highest rank for
this skill. However, when findings examined in detail it was observed that
participants were mostly concentrated on environmental aspect of sustainable

development while discussing the scenario.

Identifying relationships among the systems components was the second
systems thinking skill measured in this study (STS 2). In this thesis
components and processes were categorized as environmental, economic and
social and relationships were investigated between or within these categories.
This systems thinking skill was adapted from the study of Ben-Zvi Assaraf and
Orion (2005). The authors observed students tend to describe relationships
between components which shows apparent connections. It is also noted that
there is a correlation between the components and relationships students
identified. Students struggle to finding out connections between the systems
components was reported in different research papers. (Hmelo- Silver &
Pfeffer, 2004; Raved & Yarden, 2014; Shepardson et al., 2014). It is noted that
students have a lower achievement in connecting components from different
levels organization (Raved & Yarden, 2014). Even though Karaarslan (2016)
investigated this STS for pre-service teachers, she was also asserted this skill as
a compelling ability. Moreover, Lee (2015) stated that teachers were not
successful in reporting different connections between the subsystems inside a
bigger system. Findings of this thesis also showed a similar picture. Most of
the interactions found by participants contained the environmental components
which were also the most dominant aspect of the STS 1. On the other hand, the
interactions named in between different aspects of sustainable development
were limited in number, and only one participant was rated in Level 3 for this
skill. It can be claimed that having a concrete perspective on different
components of the system is a priority for making connections between these

components.
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The third systems thinking skill discussed was ability to make generalizations
(STS 3). It was stated that one can generalize a concept into other contexts if
the core idea is fully perceived (Goldstone & Wilensky, 2008). Transferring
the thinking scheme of a subject to other contexts requires comprehension of
the variables without memorization (Lyons, 2014). In their research on
students’ systems thinking abilities Ben-Zvi Assaraf & Orion (2005) asserted
that before implementation generalizations of students were focused on the
components that were identified and discussed in the context of water cycle.
Accordingly, in this research participants were made generalizations on the
most common aspect within their answers while making generalizations:
environment. This skill was one of the systems thinking skills which has lowest
achievements in this study. Therefore, making generalizations can be
considered as a complex ability if there was not a familiarity to the subject

before.

Identifying hidden dimensions (STS 4) was the fourth skill explored in this
thesis. It is stated that systems thinking includes finding out the components
which are not explicitly defined (Ben-Zvi Assaraf & Orion, 2005). This skill
was issued in various studies on systems thinking in education and considered
as a challenging ability. It is observed that both students and teachers tend to
discuss less complex and components which they have primary information on
them (Golick et al. 2017; Lee, 2015; Sibley et al., 2007). Ben-Zvi Assaraf and
Orion (2005) resulted that understanding hidden structures require in depth
inquiry on the system that can be improved by implementation. In the ESD
context, recognizing hidden dimensions enables to comprehend the interactions
between variables and problems of daily life about environmental, social and
economic phenomena like, climate change, population growth and poverty
(Karaarslan, 2016). Eilam (2012) observed that experiential knowledge has
positive affect on students’ ability to identify implicit components in an

ecosystem. Accordingly, in this thesis, it is noticed that using a real-life
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scenario and an in-depth discussion on this scenario can provide a high

achievement for finding out hidden structure.

Understanding the cyclic nature of the system (STS 5) was the fifth systems
thinking skill defined in this thesis because it represents the integrated structure
of the system. This skill asserts that the cyclic relations exist in every part of
life and world is constituted by these interactions (Ben-Zvi Assaraf & Orion,
2005). Accordingly, it is stated that finding cyclic interactions among different
levels of organization is not a common ability among students (Hmelo- Silver
et al., 2007, Shepardson et al., 2014). Even though there is an agreement on the
fact that an incessant process is ongoing in a system, focus is on the subjects
specified previously (Lee, 2015; Sibley et al, 2007). Sustainable development
also portrays a cyclic nature with the continuous relations between its different
branches. However, in this thesis, it is observed most of the participants pay
attention to the environmental aspect, which is the most renowned component
of sustainable development, while describing the cyclic relationships. This
finding implied that cyclic thinking between different concepts is not easy to
achieve. However, comprehension of this skill is vital to consider a system as a

unified structure and predict the consequences of an action.

The sixth skills investigated in this study was ability to thinking temporally;
retrospection and prediction (STS 6). This skill is about acknowledging that
present actions will have future results and making sensible connections
between future, present and past (Ben-Zvi Assaraf & Orion, 2005). Karaarslan
(2016) also drew attention to the importance of temporal thinking in terms of
education for sustainable development. It was stated that ability to evaluate
past, present and future events together enables to discover diverse solutions
for future in terms of sustainability. In this thesis, it is observed that
environmental aspect steps forward in the future predictions, in accordance

with the other STSs. However, to raise an awareness for the sustainable
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development, evaluating future outcomes of the present actions also from

economic and social aspects holds a vital importance.

Developing empathy with other people and non-human beings (STS 7) is the
seventh skill studied in this thesis. This skill derived from the Karaarslan
(2016)’s study consists two divisions: empathy with non-human beings and
empathy with other people. The world is a unified structure with all people and
other living and non-living components on them. It is defined that developing
empathy makes achievable to comprehend this fact (Karaarslan, 2016).
Moreover, feeling empathy towards other people and non-human life defined
in the socio-emotional domain and listed as one of the key competencies of
sustainability. (UNESCO, 2017). In this thesis is was observed that developing
empathy brings a positive attitude to participants. Considering other people’s
perspectives allows to construct solutions for the problems in the system that
comprise everyone. Additionally, developing empathy with non-human beings
helps to employ a more ecocentric thinking on sustainable development.

Recognizing own responsibility in the system (STS 8) was the eight systems
thinking skill explored in the study. Acknowledging own responsibility was
also stated as one of the behaviors to become a global citizen who interests in
generating solutions to the worldwide problems of sustainability (Choi, Lee,
Shin, Kim, & Krajcik, 2011). Karaarslan (2016) described this skill as being
conscious about that personal actions can have effects on nature and life of
other people and taking responsibility for these personal choices. The author
defined the qualified teachers for ESD as the ones who transfer the
environmental, social, and moral values to their students. Besides, taking
responsibility was named as the most vital skill for students to achieve personal
and social integrity and being a conscious citizen (Zoller, 2011). Additionally,
taking responsibility in local and global settings also addressed as a key
competency in education for sustainable development (UNECE, 2005). In this

study, ability to take responsibility of participants were analyzed by using a
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real-life scenario. The real-life scenario provided participants to make personal
connections with an issue related to sustainable development. However, in
order to show responsibility about the scenario, it is necessary for them to
realize the results of their own actions. Therefore, as a systems thinking skill,

recognizing own responsibility, involves personal habits and perspective.

The ninth skill reviewed in this thesis was developing a sense of place (STS 9).
Sense of place was defined as one of most complex systems thinking skills. It
is a multi-dimensional concept which facilitates approaching issues in a
detailed perception and developing a relationship between places and
individuals in different dimensions (Karaarslan, 2016). There are four
elements identified in this concept: biophysical, psychological, socio-cultural
and political-economic. For developing a strong understanding about a place, it
is necessary to conceive all these different elements together (Ardoin, 2016). It
Is stated that biophysical dimension is the most featured dimension among
teachers in ESD (Egger et al., 2017). Developing a sense of place was utilized
in this thesis because there is a description of a specific place in the real-life
scenario employed for this study. On the other hand, in accordance with the
other STSs, participants mostly showed a tendency to interpret that place in
terms of environmental characteristics, namely, biophysical dimension.

Demonstration of STS levels of participants is presented in the Figure 7.
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To sum up, findings of this study proposed a nonhierarchical model for
systems thinking skills. The highest achievement is observed at finding hidden
dimensions (STS 4), which was considered as one of the most challenging skill
in the previous research. However, in this study, in depth analysis of the
scenario with interviews put participants into a detailed reasoning practice. In
other words, they were able to discuss the topic in different perspectives to find
out hidden dimensions. In addition, it was observed that, participants’ reactions
to the scenario was deeply related with their personal experiences. Participants
who have spent time in the nature were mostly addressed the importance of

nature while other participants noticed the economic concerns in the scenario.

All in all, it is clearly inferred that there is not a strict pattern in development of
systems thinking skills. There is nonhierarchical order between the skills
examined in this thesis. Moreover, there is a certain systemic conception was
observed in participants’ definitions of system that can be improved with

implementation.

5.2.Pre-Service Science Teachers’ Conceptions of Sustainable

Development

Another purpose of this thesis was to explore pre-service science teachers’
conceptions of sustainable development. Sustainable development is as an
integrated and complex concept which includes dynamic relationships within
environmental, economic and social aspects (United Nations, 2002). It is
emphasized the significance of sustainable development in education in order
to raise students as responsible citizens who have the necessary decision-
making abilities considering sustainability. To achieve this goal, teachers have
a responsibility to be aware of the connections between environmental,
economic and social aspects. This connected structure of sustainable
development requires emphasis on an integrated thinking scheme, rather than

discussing these concepts in separated settings (Sleurs, 2008).
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Raising awareness on sustainable development among teachers was also
addressed as a tool to provide solutions to environmental and social problems
(Nolet, 2009). On the other hand, it is reported that environment forms a center
of focus for science teachers while discussing sustainable development.
Teachers have a preconception that protection of nature can assist sustainable
development. To construct a future with conscious citizens who considers
sustainable development, teachers need to assimilate an adequate

understanding for sustainable development (Sagdic, 2013).

Moreover, it is claimed that the reason behind teacher’s insufficient
understanding of sustainable development is the lack of emphasis on
sustainable development in teacher education programs. Mills and Tomas
(2013), remarked that pre-service teachers have lack of ability to express their
opinions on issues concerning sustainable development. However, teachers
who participated in a learning processes on sustainability feel more responsible
to raise their students as conscious citizens and increase the awareness on

sustainability in their community (Egger et al., 2017).

Findings presented in this thesis also showed outcomes compatible with the
previous research. First of all, there is an apparent dominance of environmental
aspect in all systems thinking skill. Environment related components and
relationships constituted the major part of STS 1 and STS 2. There was only
one participant who linked components from all aspects of sustainable
development while expressing the relationships. Moreover, it was observed
that participants were mostly making generalizations (STS 3) on environmental
aspect. They give examples from other environmental problems they
experienced or witnessed. For cyclic relationships (STS 5), it is noticed that
participants were describing cycles in the nature mostly. Especially emphasis
on social components were weak. Accordingly, future predictions (STS 6) were
also dominantly involve environmental inferences. Moreover, it was observed

that all participants explained Kizilirmak basin in terms of biophysical meaning
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(STS 9). Additionally, all six participants attended to the interviews were
asked to consider sustainable development based on the given real-life
scenario. Half of them directly pointed out that sustainable development is
about protecting the environment. One participant claimed that there are other
aspects in sustainable development, but she cannot name them. On the other
hand, two participants regarded the interaction between economy with

environment while defining sustainable development.

In conclusion, these findings can be expressed by participants’ low levels of
understanding sustainable development. Incomplete cognition of the concept
restrains science teachers from providing sufficient explanations for sustainable

development in a context.

5.3.Use of Real-Life Scenario for Assessment of Systems Thinking

In this study a real-life scenario was used as an assessment tool for determining
the systems thinking skill levels of participants. Since systems thinking skills
was evaluated in terms of sustainable development the real-life scenario was
chosen considering it includes all aspects of sustainable development and

reflects the interactions between them.

It was addressed that real-life scenarios are functional instruments to evaluate
systems thinking skills like identifying components and relationships within
the system (Karaarslan, 2016). In addition, using real-life cases is a common
practice in the context of sustainability and environmental education. It was
asserted that having a background knowledge on an environmental issue
creates a wider perspective for reasoning about the solutions for it. For
example, if a person did not have a chance to observe the negative effects of
chemical fertilizers, it will not likely to for her to consider the impacts on

environment during the decision-making process about using chemical
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fertilizers (Kortenkampand & Moore, 2001). Moreover, Tuncay (2010),
discussed that using real cases clearly expresses the complexity of
environmental problems for individuals. This perception facilitates for
participants to use critical thinking skills during the interviews on the issue.
Additionally, it was expressed that engaging in examinations about real
problems ensures participants to make more meaningful deductions. Also, real-
life cases provide individuals to consider different aspects in the case (Ellis &
Weekes, 2008). It was also explained that real-life scenarios present real
problems to be discussed and improve individuals’ problem-solving abilities.
They depict the constrains and struggling decisions of everyday life from
different perspectives (Remington- Doucette et al., 2013).

The presented thesis employed a local real-life example to discuss sustainable
development and systems thinking. The difference of local and global
problems was discussed in several studies. The problems that are not physically
connected with the individuals can be considered insignificant and provides
less motivation to take action (Connell, Fien, Lee, Sykes & Yencken, 1999). It
was asserted that individuals feel more connected and ready to act when the
addressed case is physically close to them. On the contrary, it was observed
that it is challenging to comprehend reality of the scenario if it was presented in
global context (Layrargues, 2000). In global context it was noticed that
participants show more oriented to define the problem while local contexts
display more motivation to solve problems. In other words, individuals tend to
spend more time on finding solutions for local problems rather than just
describing the problem (Purzer, Chen & Yadav, 2010).

In conclusion, use of real life scenario to assess systems thinking skills
displayed consistent results in this study. First of all, a real-scenario introduced
a real problem to discuss and it was noticed that participants internalized the
concept easily. It was observed that real-life scenarios provided similar

findings on the systems thinking levels of pre-service science teachers with the
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previous research on systems thinking. Additionally, to allow individuals to
discuss ecologic, economic and cultural effects of an action it is vital to give
them an insight on benefits and disadvantages of their decisions (Balgopal,
Wallace & Dahlberg, 2012). Implicit interview questions supported
participants to view different perspectives on the scenario and enable them to
discuss the scenario in detail. In addition, this extensive perspective develops
participants’ empathy towards other people and non-human beings. The fact
that most of the participants shared their personal experiences during the
interviews also implied that commenting on a real scenario encourage them to

a deeper thinking.

5.4.Conclusion and Implications

There are several conclusions derived from this thesis. Firstly, pre-service
science teachers’ systems thinking skills was assessed by using a real-life
scenario and interviewing. Findings showed consistent results with other
research on systems thinking. It is concluded that real-life scenario provides a
meaningful tool to assess systems thinking skills of individuals in the context
of sustainable development. Secondly, there are nine systems thinking skills
defined in this thesis, adapted from different resources. It was observed that
these STSs can be used in the context of sustainable development. Thirdly, it
was observed that pre-service science teachers have a common understanding
for systems. However, because of their weak conceptions on sustainable
development they were not able to fully interpret the environmental, social and
economic aspects of sustainable development into a systemic perspective.
Lastly, this study did not include any implementation to picture the current
state of participants. It was observed that personal experiences are affecting
their sustainable development conceptions. They refer to their experiential
knowledge more than their professional knowledge while commenting on the

scenario.
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The results also have important implications for systems thinking and ESD
researchers, curriculum developers and science teachers. Systems thinking is a
significant thinking skill which can be adapted into different contexts of daily
life. This study implied that systems thinking can be studied in ESD without
concentrating on any specific discipline. The importance of sustainable
development and ESD specifically addressed in national science education
curriculum (Ministry of National Education, 2017). Therefore, the assessment
method proposed in this thesis can be adapted in different contexts. It can be

even used as a part of a course curriculum about sustainable development.

Furthermore, from the results of this thesis it was also inferred that systems
thinking, and sustainable development can be discussed in the same context.
Findings showed that there is need for special emphasis on the meaning of
sustainable development. Teaching educators can use the results of this thesis
to improve the courses which issues sustainable development in its context.
Approaching sustainable development from a systems perspective can provide

better comprehension of the integrated nature of sustainable development.

5.5.Recommendations

This thesis proposes some recommendations for future research. Firstly, in this
study a real-life scenario which has implicit connections of three aspects of
sustainable development; environment, economy and society was used. This
scenario was presenting a local incident. It is recommended to use different
real-life scenarios to evaluate the utilization of this tool in the systems thinking
literature. Moreover, a scenario focuses on a real-life situation in the global
context can be used for future research, in order to make a comparison between
the results of global and local contexts. Nevertheless, the interview questions
were specifically designed for the selected real-life scenario in this thesis. In

case of changing the scenario, there should be new questions adapted for the
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new context. Additionally, the framework of this thesis was constructed with
the systems thinking skills defined by Ben-Zvi Assaraf and Orion (2005) and
Karaarslan (2016). On the other hand, there are different frameworks defined
in the literature. Real-life scenarios can also be used in these frameworks as an

assessment tool.

Secondly, there were nine systems thinking skills examined in this study with a
real-life scenario. Real-life scenarios can be used as a tool to assess middle
school students’ systems thinking skills. It is recommended to future
researchers to use this scenario in the studies sampling students. However,
some of the systems thinking skills was identified as challenging skills. Thus,
with students, it is recommended to use the skills with highest achievements.

Thirdly, participants’ individual characteristics can be examined in detail. For
instance, in this study participants were female pre-service science teachers.
Repeating the study with male participants is recommended in order to
discover the gender’s role in systems thinking skills. Additionally, the real-life
scenario and interview questions developed in this study did not feature
characteristics specific to the science education. It is recommended to study
systems thinking skills in different disciplines and different subjects in
education. Therefore, it is also possible to select participants from different
teaching disciplines to evaluate the influence of professional background. In
fact, studies with samples from different fields of professions like business,
medicine, engineering or farming can also employ the assessment tools in this

thesis.

Lastly, it is suggested to practice this research with in-service teachers, in order
to discover the effects of experience on systems thinking skills. It can be
investigated if they feel responsibility to transmit their systems thinking
abilities to their students and if students’ academic achievements are influenced

by teachers’ perspective.
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In conclusion, this thesis aimed to present an insight for researchers who are
interested in implementing systems thinking to education. Especially in
Turkey, systems thinking is a concept that requires further exploration.
Systems thinking holds a wide potential for researchers because complex
systems constitute almost every part of life. It is recommended to study
systems thinking in education, because schools and teachers have the
opportunity to raise future citizens. Curriculum developers from different
disciplines can use conclusions of this study as a source for understanding the
role of systems thinking in comprehension of a concept. To build a bright
future survived from the problems of 21 century, possessing higher order

thinking skills like systems thinking have a significant role.

141



REFERENCES

Achieve, Inc. (2013). Next Generation Science Standards: For states, by states.
Washington DC: National Academies Press.

Ardoin, N. M. (2006). Toward an interdisciplinary understanding of place:
Lessons for environmental education. Canadian Journal of
Environmental Education (CJEE), 11(1), 112-126.

Ateskan, A., Lane, J. F. (2017). Assessing teachers’ systems thinking skills
during a professional development program in Turkey. Journal of
Cleaner Production, 1-9.
http://dx.doi.org/10.1016/j.jclepro.2017.05.094

Balgopal, M. M., Wallace, A. M. & Dahlberg, S. (2012). Writing to learn
ecology: A study of three populations of college students.
Environmental Education Research, 18(1), 67-90.

Batzri, O., Ben-Zvi Assaraf, O., Cohen, C., & Orion, N. (2015). Understanding
the earth systems: expressions of dynamic and cyclic thinking among
university students. Journal of Science Education and Technology,
24(6), 761-775.

Ben-Zvi Assaraf, O. (2004). The influence of learning earth systems studies on
the developmen: of systems’ thinking skills in junior high school
students. (Doctoral Dissertation).

Ben-Zvi Assaraf, O & Orion, N. (2005). Development of system thinking skills
in the context of earth system education. Journal of Research in
Science Teaching, 42(5), 518-560. doi: 10.1002/tea.20061

Ben-Zvi Assaraf, O. & Orion, N. (2010). System thinking skills at the
elementary school. Journal of Research in Science Teaching, 47(5),
540-563. doi:10.1002/tea.20351

142



Brandstadter, K., Harms, U., & Grossschedl, J. (2012). Assessing system
thinking through different concept-mapping practices. International
Journal of Science Education, 34(14), 2147-2170.
http://dx.doi.org/10.1080/09500693.2012.716549

Byrne, J. (2000). From policy to practice: Creating education for a sustainable
future. In Wheeler, K. & Bijur, A. P. (Eds), Education for a
Sustainable Future: A Paradigm of Hope for the 21st Century (pp. 1-
5). New York, NY: Kluwer Academic/ Plenum Publishers.

Choi, K., Lee, H., Shin, N., Kim, S., Krajcik, J. (2011). Re-conceptualization
of scientific literacy in South Korea for the 21st century. Journal of
Research in Science Teaching, 48(6), 670-697.

Cloud, J. P. (2005). Some systems thinking concepts for environmental
educators during the decade of education for sustainable
development. Applied Environmental Education and
Communication, 4(3), 225-228.

Connell, S., Fien, J., Lee, J., Sykes, H. & Yencken, D., (1999). 'If It Doesn't
Directly Affect You, You Don't Think About It: A qualitative study
of young people's environmental attitudes in two Australian cities.
Environmental Education Research, 5(1), 95-113.

Egger, A. E., Kastens, K. A. & Turrin, M. K. (2017). Sustainability, the Next
Generation Science Standards, and the education of future teachers.
Journal of Geoscience Education, 65(2), 168-184.

Eilam, B. (2012). System thinking and feeding relations: learning with a live
ecosystem model. Instructional Science: An International Journal of
The Learning Sciences, 40(2), 213-239.

Ellis, G. & Weekes, T. (2008). Making sustainability ‘real’: Using group-
enquiry to promote education for sustainable development.
Environmental Education Research, 14(4), 482- 500.

143



Erdogan, M., Marcinkowski, T. & Ok, A. (2009). Content analysis of selected
features of K-8 environmental education research studies in Turkey,
1997-2007. Environmental Education Research, 15(5), 525-548.

Erdogan, M. & Tuncer, G. (2009). Evaluation of a course: education and
awareness of sustainability. International Journal of Environmental
and Science Education, 4(2), 133-146.

Esa, N. (2010). Environmental knowledge, attitude and practices of student
teachers. International Research in Geographical and Environmental
Education, 19(1), 39-50.

Evagorou, M., Korfiatis, K., Nicolaou, C., & Constantinou, C. (2009). An
investigation of the potential of interactive simulations for developing
system thinking skills in elementary school: a case study with fifth-
graders and sixth-graders. International Journal of Science Education,
31(5), 655-674. http://dx.doi.org/10.1080/09500690701749313

Fraenkel, J.R., Wallen N.E., & Hyun, H.H., (2012). How to design and
evaluate research in education (8" ed.). New York, NY: McGraw-
Hill.

Foley, R.W., Archambault, L.M., & Warren, A.E. (2015). Building
sustainability literacy among preservice teachers: An initial evaluation
of a sustainability course designed for K-8 educators. In Stratton,
K.S., Hagevik, R., Feldman, A., & Bloom, M. (Eds.), Educating
Science Teachers for Sustainability (pp. 49— 67). Cham, Switzerland:
Springer International Publishing.

Garavito- Bermudez, D., Crona, B., & Lundholm, C. (2014). Linking a
conceptual framework on systems thinking with experiential
knowledge. Environmental Education Research, 22(1). doi:
10.1080/13504622.2014.936307

Goldstone, R. L., & Wilensky, U. (2008). Promoting transfer by grounding
complex systems principles. The Journal of the Learning Sciences,
17(4). 465-516.

144



Hart, P. (2007). Environmental Education. In S. K. Abell & N. G. Lederman

(Eds.) Handbook of Research on Science Education (pp. 689-726).
New Jersey: Lawrence Erlbaum Associates.

Herbert, B. E. (2006). Student understanding of complex earth systems. In
Manduca, C.A. and Mogk, D.W. (Eds.), GSA Special Papers. Earth
and Mind: Geologists Think and Learn about the Earth. Geological
Society of America. doi: https://doi.org/10.1130/2006.2413(07)

Hmelo- Silver, C. E., & Azevedo, R. (2006). Understanding complex systems:

some core challenges. The Journal of the Learning Sciences, 15(1).
53-61.

Hmelo- Silver, C. E., Marathe, S., & Liu, L. (2007). Fish swim, rocks sit, and

lungs breathe: expert-novice understanding of complex systems. The
Journal of the Learning Sciences, 16(3). 307-331.

Hmelo, C. E., Holton, D. L., & Kolodner, J. L. (2000). Designing to learn

about complex systems. The Journal of the Learning Sciences, 9(3).
247-298.

Hmelo-Silver, C. E., & Pfeffer, M. G. (2004). Comparing expert and novice
understanding of a complex system from the perspective of structures,

behaviors and functions. Cognitive Science, 28(1), 127-138.
doi:10.1016/S0364-0213(03)00065-X

Holder, L., Scherer, H.H., & Herbert, B. (2017). Student learning of complex
earth systems: a model to guide development of student expertise in

problem-solving. Journal of Geoscience Education, 65(4), 490-505.
doi: 10.5408/17-261.1

Hung, W. (2008). Enhancing systems thinking skills with modelling. British
Journal of Educational Technology, 39(6). 1099-1120.

145



Jacobson, M. J., & Wilensky, U. (2006). Complex systems in education:
scientific and educational importance and implications for the learning
sciences. The Journal of the Learning Sciences, 15(1). 11-34.

Karaarslan, G. (2016). Science teachers as ESD educators: an outdoor ESD
model for developing systems thinking skills (Doctoral dissertation),
Middle East Technical University, Turkey.

Kortenkampand, K.V., & Moore C. F. (2001). Ecocentrism and
anthropocentrism: moral reasoning about ecological commons
dilemmas. Journal of Environmental Psychology 21(3). 261-272.

Layrargues, P. P. (2000). Solving local environmental problems in
environmental education: A Brazilian case study. Environmental
Education Research, 6(2). 167- 178.

Lee, T. D. (2015). Science teachers' representational competence and systems
thinking (Doctoral Dissertation). North Carolina State University,
USA.

Lesh, R. (2006). Modeling students modeling abilities: the teaching and
learning of complex systems in education. The Journal of the
Learning Sciences, 15(1), 45-52.

Liu, L., & Hmelo-Silver, C.E. (2009). Promoting complex systems learning
through the use of conceptual representations in hypermedia. Journal
of Research in Science Teaching, 46, 1023-1040.

Lyons, C. (2014). Relationships between conceptual knowledge and reasoning
about systems: Implications for fostering systems thinking in
secondary science (Doctoral Dissertation). Columbia University,
USA.

Martin, S. (2008). Sustainable development, systems thinking and professional
practice. Journal of Education for Sustainable Development, 2(1), 31-
40.

146



McKeown, R. (2002). ESD toolkit. Retrieved from http://www.esdtoolkit.org/

Merriam, S. B. (2009). Qualitative research: a guide to design and
implementation. San Francisco, CA: Josey- Bass

Mills, R., & Tomas, L. (2013). Integrating education for sustainability in
preservice teacher education: a case study from a regional Australian
university. Australian Journal of Environmental Education, 29(2),
152-164. d0i:10.1017/aee.2014.3

Ministry of Development, (2012). Turkey’s Sustainable Development Report:
Claiming the Future. Retrieved from:
http://www.tr.undp.org/content/turkey/tr/nome/library/environment_e
nergy/turkeys_sustainable_development_report_claiming_the future
2012.html

Ministry of National Education, (2013). [lkogretim Fen Bilimleri Dersi
Ogretim Programa. Retrieved from:
http://ttkb.meb.gov.tr/www/guncellenen-ogretim-
programlari/icerik/151

Ministry of Education, (2017). Fen Bilimleri Dersi Ogretim Programi.
Retrieved from:
http://mufredat.meb.gov.tr/ProgramDetay.aspx?P1D=143

National Research Council (NRC), (1996). National science education
standards. Washington, DC: National Academy Press.

National Research Council (NRC), (2010). Exploring the intersection of
science education and 21% century skills: A workshop summary.
Washington, DC: National Academy Press.

Nolet, V. (2009). Preparing Sustainability-Literate Teachers. Teachers College
Record, 111(2), 409-442.

147



Orion, N. (2007). A holistic approach for science education for all. Eurasia
Journal of Mathematics, Science & Technology Education, 3(2), 111-
118.

Orr, D. W. (2004). Earth in Mind: On Education, Environment and the Human
Prospect. Washington, DC: Earth Island Press.

Patton, M.Q. (1990). Qualitative Evaluation and Research Methods (2" ed.).
Newbury Park, CA: Sage Publications.

Purzer, S., Chen, J. & Yadav, A. (2010, October 27-30). Does context matter?
Engineering students’ approaches to global vs. local problems. Paper
presented at 40" ASEE/IEEE Frontiers in Education Conference
(FIE), Washington, DC.

Raved, L. & Yarden, A. (2014). Developing 7th grade students' systems
thinking skills in the context of the human circulatory system.
Frontiers in Public Health. doi:10.3389/fpubh.2014.00260

Roychoudhury, A., Shepardson, D. P., Hirsch, A., Niyogi, D., Mehta, J., &
Top, S. (2017). The need to introduce system thinking in teaching
climate change. Science Educator, 25(2), 73-81.
http://nsela.org/publications/science-educator-journal

Remington-Doucette, S. M., Hiller Connell, K. Y., Armstrong, C. M., &
Musgrove, S. L. (2013). Assessing sustainability education in a
transdisciplinary undergraduate course focused on real-world problem
solving: a case for disciplinary grounding. International Journal of
Sustainability in Higher Education, 14(4), 404-433.

Sagdic, A. (2013). A Closer look into Turkish elementary teachers regarding
education for sustainable development. (Master’s Thesis). Middle
East Technical University, Ankara, Turkey.

148



Scherer, H. H., Holder, L., Herbert, B. (2017). Student learning of complex
earth systems: conceptual frameworks of earth systems and
instructional design. Journal of Geoscience Education, 65(4), 473-
489. doi: 10.5408/16-208.1

Schuler, S., Fanta, D., Rosenkraenzer, F., & Riess, W. (2017). Systems
thinking within the scope of education for sustainable development
(ESD) — a heuristic competence model as a basis for (science) teacher
education. Journal of Geography in Higher Education, 1-13. doi:
10.1080/03098265.2017.1339264

Shepardson, D.P., Roychoudhury, A., Hirsch, A., Niyogid, D., & Top, S. M.
(2014). When the atmosphere warms it rains and ice melts: seventh
grade students’ conceptions of a climate system. Environmental
Education Research, 20(3), 333-353. doi:
10.1080/13504622.2013.803037

Sleurs, W. (2008). Competences for education for sustainable development
(ESD) teachers. A framework to integrate ESD in the curriculum of
teacher training institutes. Belgium: Commenius 2.1 Project.
Retrieved from:
http://www.unece.org/fileadmin/DAM/env/esd/inf.meeting.docs/EGon
Ind/8mtg/CSCT%20Handbook_Extract.pdf

Stake, R. E. (2005). Qualitative case studies, In Denzin, N. K. & Lincoln, Y. S.
(Eds.). The Sage handbook of qualitative research (3 ed., (pp. 119-
149). Thousand Oaks, CA: Sage Publication.

Sweeney, B., & Sterman, J. D. (2007). Thinking about systems: student and
teacher conceptions of natural and social systems. System Dynamics
Review, 23(2/3), 285-311. doi:10.1002/sdr.366

Tanriverdi, B. (2009). Siirdiiriilebilir ¢evre egitimi agisindan ilkdgretim
programlarinin degerlendirilmesi. Egitim ve Bilim, 34(151), 89-103.

Tejeda, J., & Ferreira, S. (2014). Applying systems thinking to analyze wind
energy sustainability. Procedia Computer Science, 28, 213-220.
doi:10.1016/j.procs.2014.03.027

149



Tilbury, D. (2011). Education for sustainable development: expert review of
process and learning. Paris: UNESCO.

Tripto, J., Ben-Zvi Assaraf, O., Snapir, Z., Amit, M. (2016). The ‘what is a
system’ reflection interview as a knowledge integration activity for
high school students’ understanding of complex systems in human
biology. International Journal of Science Education, 38(4), 564-595.
http://dx.doi.org/10.1080/09500693.2016.1150620

Tuncay, B. (2010). Moral reasoning of pre-service science teachers toward
local and non-local environmental problems (master’s thesis). Middle
East Technical Universtiy, Turkey.

Tuncer, G., Tekkaya, C., & Sungur, S. (2006). Pre-Service teachers' beliefs
about sustainable development: effect of gender and enrollment to an
environmental course. Hacettepe University Journal of Education,
(31), 179-187.

UNCED (1992). United Nations Conference on environment and development.
Rio de Janerio. UN. Retrieved from:
https://sustainabledevelopment.un.org/outcomedocuments/agenda2l

UNECE. (2004). Draft UNECE strategy for education for sustainable
development. Retrieved from: http://www.unece.org/?id=24444

UNECE. (2005). UNECE strategy for education for sustainable development.
Retrieved from: http://www.unece.org/?id=8452#/

UNESCO (2005). UN Decade of Education for Sustainable Development
2005-2014: Draft international implementation scheme. Retrieved
from: http://unesdoc.unesco.org/images/0013/001399/139937e.pdf

UNESCO (2006). Education for sustainable development toolkit. Paris:
UNESCO

150



UNESCO (2017). Education for sustainable development goals: Learning
objectives. Paris: UNESCO

United Nations, (2002). Draft plan of implementation of the World Summit on

Sustainable Development. Retrieved from:
http://lwww.un.org/ga/search/view_doc.asp?symbol=A/CONF.199/L.1
&Lang=E

United Nations General Assembly. (1987). Report of the world commission on
environment and development: Our common future. Oslo, Norway:
United Nations General Assembly, Development and International
Co-operation:  Environment.  Retrieved from: http://www.un-
documents.net/our-common-future.pdf

Wylie, J., Sheehy, N., McGuinness, C. & Orchard, G. (1998). Children's
Thinking about Air Pollution: a systems theory analysis.
Environmental Education Research, 4(2), 117-137.

Wheeler, K. (2000). Introduction. In Wheeler, K. & Bijur, A. P. (Eds.),
Education for a Sustainable Future: A Paradigm of Hope for the 21st
Century (pp. 1-5). New York, NY: Kluwer Academic/ Plenum
Publishers.

Zoller, U. (2011). From teaching-to-know-to-learning-to-think  for
sustainability: what should it take? And how to do it?. Journal of
Modern Education Review, 1(1), 34-40.

Zoller, U. & Nahum, T. L. (2012). From Teaching to KNOW to Learning to
THINK in Science Education. In B.J. Fraser, K. G. Tobin & C. J.,
McRobbie (Eds.) Second International Handbook of Science
Education (pp. 209- 229). New York: Springer.

151



APPENDICES

APPENDIXA.

THE REAL-LIFE SCENARIO (TURKISH)

Deltalar, olusturduklar1 zengin biyolojik ¢esitlilik ve verimli tarim arazileri
nedeniyle biitiin canlilar i¢in diinyanin ¢ok ©onemli alanlarin1 olusturuyor.
Uluslararas1 6neme sahip, Kizilirmak deltas1 da dogal 6zellikleri bliyiik 6l¢iide
korunabilmis, tilkemizdeki en biiyiik deltalardan birisi.

Samsun’un Bafra ilgesindeki Kizilirmak deltasi 57 bin hektarlik bir alana
yayiliyor. Igerisinde 22 gél, 12 bin hektarlik sulak alan bulunuyor. Kizilirmak
Deltasi’nda bir de kus cenneti bulunuyor. Tiirkiye’de yasayan 465 kus tiirliniin
328’1 deltada goriilebiliyor. Bolge zengin ¢ali Ortiisii ve ¢ok biiyiik sayida
bocek popiilasyonuna sahip olmast nedeniyle Karadeniz lizerinden go¢ eden
otiicti kuslar i¢in 6nemli bir dinlenme ve beslenme alani olusturuyor. Bunun
yant sira bu bol ¢esitli canli hayati deltaya essiz bir goriinlim kazandirarak
bolgeyi ¢evredeki insanlar i¢in de bir dinlenme merkezi haline getiriyor.

Bolge insan1 sulak alandan tarim i¢in sulama suyunu saglamasinin yani sira,
balik¢ilik, hayvan yetistiriciligi, saz kesimi gibi etkinliklerle yararlaniyor.
Delta igerisinde tarim alanlar1 énemli yer tutuyor. Ulkemizin kishk sebze
tariminin 6nemli bir boliimii burada yapiliyor. Delta hayvancilik i¢in de
oldukca elverisgli. Manda ve s18ir bolgedeki en yaygin hayvanlar.

Mandalar zamanlarinin ¢ogunu suyun i¢inde geciriyor. Baliklar ve kurbagalar
da mandalarin ayak izlerine yumurta birakiyor. Mandalar otlarken bulunduklari
bolgedeki sulak alan bitkilerinin dagilimin1 da kontrol etmis oluyor. Bu sulak
alan bitkileri de basta kuslar olmak {izere deltada yasayan pek ¢ok canli i¢in
yuva yapmaya elverisli alanlar olusturuyor.

Ancak 1990’11 yillarda bolgede yasayan manda sayisi on binden fazla olmasina
ragmen 2000’11 yillarda iki bine diismiis. Manda tirlinlerinin bdlge insani i¢in
ekonomik degerini yitirmesi ve mandalarin yilin biiyiikk bolimiini gegirdigi
sulak alanlarin kimyasal giibre ve ilaglarla zarar gormesi bu sayimnin
azalmasmin en Onemli nedenleri arasinda. Manda sayisinin azalmasiyla

bolgedeki manda sahipleri i¢in degerini yitiren sulak alanlar da kurutularak
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tarlaya doniistiiriilmeye baglaniyor. Boylece bolgede manda sayis1 azalirken,
tarim alanlar1 arttyor. Bu durum birgok canlinin yasam alanmmin da yok
olmasina yol agiyor. Tarim ilaglar1 da sulak alanlarin ve ¢evredeki otlaklarin
kirlenmesine ve ¢evredeki canliligin olumsuz etkilenmesine neden oluyor.

Bolge ekosisteminin sorunlarinin ¢oziilmesi amaciyla 2008 yilinda bolgede
mandaciligin yasatilmast ve manda sayisinin arttiritlmasi i¢in “Kizilirmak
Delta’sinda Manda Sevdasi” Projesi” bagslatiliyor. Proje kapsaminda bolge
halki manda yetistiriciligi konusunda tesvik ediliyor. Hayvancilikta son
teknolojiler ve manda iirlinlerinin pazarlanmasi konusunda egitimler veriliyor.
Bu calismalar kapsaminda manda siitiiniin ve etinin farkli alanlarda
kullanilmast da tesvik ediliyor. Kizilirmak deltasina 6zgii manda lokumu ve
daha 6nce manda sucugu ve mozarella gibi iirlinler de iiretilmeye baglaniyor.
Bolgedeki mandacilik g¢aligmalart teknolojik altyapiyla da desteklenmeye
baslaniyor.

Bu cabalar sonucunda, son yillarda bodlgedeki manda sayisi on ii¢ bine
yiikselmis. 2015 yili mayis aymnda birincisi diizenlenen “Delta’ya Manda
Salinim Festivali” de bolgede manda yetistiriciliZine verilen dnemi vurguluyor.
Samsun ili Manda Yetistiricileri Birligi manda iirlinlerinin patentini aldiklarini;
manda sayisinin arttirilmasinin ve en az yirmi bine ¢ikarilmasinin delta igin
o6nemli oldugunu agikliyor.

Kaynak:

Erciyas Yavuz, K. (2011), Onemli bir doga alani: Kizilirmak deltasi, Samsun
Sempozyumu.

Sonmez, Y. (2010, December 8), Kizilirmak deltasin1 mandalar kurtaracak,
Radikal. Retrieved from http://www.radikal.com.tr/hayat/kizilirmak-deltasini-
mandalar-kurtaracak-1031790/

Kizilirmak deltasinda yirmi bin manda yasayabilir (2014, May 29), Milliyet.
Retrieved  from  http://www.milliyet.com.tr/kizilirmak-deltasi-nda-20-bin-
manda-samsun-yerelhaber-222465/

Mandalar  deltaya festival ile salindi (2015). Retrieved from
http://www.bafra.bel.tr/Sayfa/5547661bfdcac10d9453b8c2/MANDALAR-
DELTAYA-FESTIVAL-ILE-SALINDI

153



APPENDIXB.

INTERVIEW QUESTIONS (ENGLISH)

Demographic Questions:

1. Year of Birth:

2. Grade:

3. Did you take any courses related to sustainable development or
environment during your undergraduate education? If yes, please specify.

4. Where did you spend your childhood? (Village, small town, county or
province)

5. Do you have a membership to a non-governmental organization or a
student group related to environment? If yes, please specify. If no, did you
attend activities of a non-governmental organization or a student group
related to environment?

6. Did you hear this real-life scenario before?

Interview Questions

What is the main idea of this case?
What do you understand/infer from this case?
What are the components of this case?

What are the key words of this real-life case?

o B~ w DD

How many small incidents related to each other in this real-life case?
What are the headlines of them?
6. Could you draw a concept map (or picture) to show the relationships

among these components, and explain your drawing?
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10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

What are the effects of the changes in this real-life case? What are the
positive and negative sides?

Could you suggest a title for this case?

What can you say about the communication between man and
environment, based on this real-life case?

What can you say about sustainable development based on this case?
Could you describe the future of Kizilirmak, assuming people are
engaged in agriculture instead of buffalo farming?

Could this real-life case be a threat to the human life and nature, in
present and future?

Could the situation described in this case be a threat to the sustainable
future?

Would there be any effect of raising the population of water buffalo in
Kizilirmak delta? How?

If you were a buffalo farmer who lives in Kizilirmak delta, how would
you react to this problem?

How would you design a project to solve the problems of the
Kizilirmak delta?

What does Kizilirmak means to you?

Is Kizilirmak delta an important place for you? Why?

What is a system?

Can you give an example to a system? What are the features that show

that this is a system?

155



APPENDIX C.

ETHICAL COMMITTEE APPROVAL OF METU

::EELE:;MEAUET;KMAST\RMAMERKEH \ DRTA DOGU TEKNIK UNIVERSITESI
THICS RESEAR /
CH CENTER MIDDOLE EAST TEEHNICAL UNIVERSITY

DUMLUPINAR BULVARI 06800
CAMKAYA AMKARA/TURKEY
T:+90 312 210 2291

F: +90 312 210 79 58
ugam@metu.edu.tr

www Leam.metu.edu tr

sayi: 28620816 / (1%
08 SUBAT 2018

Konu: Degerlendirme Sonucu

Génderen: ODTU Insan Aragtirmalan Etik Kurulu (IAEK)

I[: insan Arastirmalan Etik Kurulu Bagvurusu

Sayin Prof. Dr. Ceren OZTEKIN ;

Danismanl@ini yaptiginiz yiiksek lisans O@rencisi Melike OZTAS' n “Fen Bilimleri Ggretmen
Adaylarinin Sistemsel Diigiinme Becerilerinin Gergek Yasam Oykiileri Kullanilarak Degerlendirilmesi”
baglikli aragtirmasi insan Arastirmalan Etik Kurulu tarafindan uygun goriilerek gerekli onay
2015-EGT-002 protokol numarast ile uygun goriilmigtir,

Bilgilerinize saygilarimia sunanm.

D'\ ~[5i:

Prof. Dr. §. Halil TURAN

Ok

prof. Dr. Ayhan SOL Prof. Dr. Ayhan Giirbiiz DEMIR

Uye Oye

. Zana CITAK
Uye
¥rd. Dog. r.p;ﬁar KAYGAN Yrd. Dog. Dr, Emre SELGUK
Uye Uye

156



APPENDIXD.

TURKISH SUMMARY/ TURKCE OZET

Fen Bilimleri Ogretmen Adaylarnin Sistemsel Diisiinme Becerilerinin Gergek
Yasam Oykiileri Kullamlarak Degerlendirilmesi

GIRIS

Cagdas toplum giinliik hayatin igerisinde ekoloji, ekonomi ve toplumsal temelli
pek ¢ok karmasik sistemsel yap1 sunmaktadir. Bu sistemlerin ¢ok yonlii yapisi,
21. yiizyilin getirdigi ikilemlerden etkilenen toplumun her alani i¢in yeni bakis
acilart ve yontemler gelistirilmesine olanak saglamaktadir (Jacobson &
Wilensky, 2006; Lesh, 2006). Bu karmasik sistemler pek ¢ok biitiinlesik alt
basliklardan olugmaktadir. Karmasik sistemleri anlayabilmek i¢in bu alt
bagliklar arasinda iliski kurabilmek gerekir. Ancak s6z konusu iliskiler her
zaman goriiniir olmayabilir. Bu 06zelligi karmagik sistemlerin algilanmasini
zorlastirmaktadir (Hmelo-Silver & Pfeffer, 2004). Karmasik sistemler
igerisinde barindirdiklar1 Oriintiiler, dairesel ve biitlinlesik yapis1 ve sistem
bilesenlerinin arasindaki iliskiler ile karakterize edilebilir (Goldstone &
Wilensky, 2008). Karmasik sistemlerin kapsamli tabiati, bu kavramin sosyal
bilimlerden yer bilimlerine farkli arastirma alanlarinda ve isletme, sosyoloji,
cevre, mithendislik, biyoloji, kimya, fizik ve saglik gibi pek ¢ok konuda
calisilmasina olanak saglamaktadir (Hmelo-Silver & Azevdo, 2006; Jacobson
& Wilensky, 2006).
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21. ylizyil becerilerinden biri olarak kabul edilen sistemsel diisiinme hem bilim
insanlart hem de toplum icin gerekli, bilim ve g¢evre ile iliskili problemlerin
¢Oziimiine yardimci1 olabilecek bir elestirel diisiinme becerisi olarak
belirtilmistir. Sistemsel diisiinme, bir sistemi analiz ederek, degerlendirerek ve
bu sistem {iizerine akil yiiriiterek “biliyiilk resmi” gorebilmeyi saglayan bir

yeterlik olarak tanimlanmaktadir (NRC, 2010).

Sistemsel diisiinme bir iist seviye diisiinme becerisi olarak kabul edilmektedir.
Bir biitliniin icerisindeki parcalari, iligkileri ve toplam isleyisi gorebilmeyi
saglayan bu diisiinme becerisi sayesinde bireyler sistemdeki sorunlari kolayca
tespit edebilir ve muhtemel ¢o6ziimleri Ongorebilirler (Wylie, Sheehy,

McGuinness, & Orchard, 1998; Zoller & Nahum, 2011).

Egitim alanindaysa karmasik sistemlerin ¢alisilmasi, fizik, kimya biyoloji ve
sosyal bilimler gibi farkli bilimsel disiplinleri bir araya getiren essiz bir bakis
acist ve kuramsal cerceve sunmaktadir (Jacobson & Wilensky, 2006). Fen
bilimleri egitiminde sistemsel yapilar i¢eren konular goze ¢arpmaktadir. Ancak
bu yapilarin sistem olarak degil, ayr1 basliklar halinde ele alindig1
gbzlemlenmistir. Konular1 pargalara ayirarak sunan fen bilimleri ders kitaplari,
ogrencilerin karmagik sistemlerle ilgili bir sagduyu edinmelerine engel
olmaktadir (Liu & Hmelo- Silver, 2009). Ogrenciler ¢ogunlukla kompleks
sistemlerle ilgili dogrusal ve bilesenler arasindaki baglantilart géz ardi eden bir
anlatimla karsilasmaktadirlar. Ote yandan karmasik sistemlerin anlagilmas igin
farkli diizeylerdeki bilesenlerin aralarindaki iliskilerin agiklanmasit ve bir
iligkiler aginin resmedilmesi gerekmektedir (Hmelo, Holton, &Kolodner, 2000;

Hmelo- Silver & Pfeffer, 2004).

Fen bilimleri egitiminde sistemsel diisiinmeyle ilgili c¢aligmalara c¢esitli
konularda rastlanmaktadir: yer bilimleri (6rn. su dongiisii, karbon dongiisii,
kaya¢ dongiisti) (Ben-Zvi Assaraf & Orion, 2005; Gudovitch & Orion, 2001;
Kali, Orion & Eylon, 2003; Scherer; Holder & Herbert, 2017; Sibley vd.,

2007); insan viicudundaki sistemler, ekosistemler ve tozlasma gibi biyolojik
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sistemler (Eilam, 2012; Evagorou, Korfiatis, Nicolaou, Costantinou, 2009;
Golick, Dauer, Lynch & Ingram, 2017; Liu & Hmelo-Silver, 2009; Hmelo-
Silver, Marathe & Liu, 2011; Raved & Yarden, 2014; Riess & Mischo, 2010;
Verhoeff, Warloo, & Boersma, 2008); ve siirdiiriilebilirlik (Nyugen & Bosch,
2013).

Bunlara ek olarak, fen bilimleri 6gretim programinin genel amaclarindan biri
olarak vurgulanan (Ministry of National Education, 2017), siirdiiriilebilir
kalkinma kavrami sistemsel bir bakis acisiyla ele alinabilir. Siirdiiriilebilir
kalkinma igerisinde birbirleriyle iliskili cevresel, sosyal ve ekonomik alt
kavramlart barindirmaktadir (United Nations, 2002). Sistemsel diisiinme
stirdiiriilebilir kalkinmanin 6ne siirdiigii bu biitiinlesik yapiy1 anlamlandirmak

icin 6nemli bir potansiyel tasimaktadir (Wheeler, 2000).

Ben-Zvi Assaraf ve Orion (2005) sistemsel diisiinme iizerine “Hiyerarsik
Sistemsel Diisiinme Modeli” olarak tanimladiklar1 bir model gelistirmislerdir.
Arastirmacilar bu model igerisinde sistemsel diisiinme ile ilgili sekiz beceri
belirlemislerdir. Bu becerilerden bazilar1 sistem igerisindeki bilesenleri ve
islemleri tanimlamak, bu bilesenler ve islemler arasindaki iliskileri
tanimlamak, sistemin dongiisel yapisini tanimlamak, sistem igerisindeki gizli
boyutlar1 fark edebilmek, sistem hakkinda genelleme yapabilmek ve sistem
icerisindeki  etkilesimlerin  gelecek etkilerini fark edebilmek olarak
tanimlanmistir. Bunun yani sira, Karaarslan (2016) sistemsel diisiinceyi
stirdiiriilebilir kalkinma ¢ercevesinde degerlendirerek, calismasinda 12 adet
sistemsel diistinme becerisi tanimlamistir. Bunlardan bazilar1 soyledir: diger
insanlar ve canlilarla empati yapabilmek, sistem igerisinde kendi

sorumlulugunun farkina varabilmek ve bir mekan algis1 gelistirebilmektir.

Bu iki calismadan derlenen dokuz sistemsel diistinme becerisi (SDB) bu
yiiksek lisans tezinin genel ¢ergevesini olusturmak iizere kullanilmistir (Tablo

1),
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Tablo 1: Sistemsel Diisiinme Becerileri

Sistemsel Diisiinme Becerileri (SDB)

SDB 1 Sistem icerisindeki bilesenleri ve islemleri tanimlamak

SDB 2 Sistem icerisindeki bilesenler ve islemler arasindaki iliskileri
tanimlamak

SDB 3 Sistem hakkinda genelleme yapabilmek

SDB 4 Sistem icerisindeki gizli boyutlar1 fark edebilmek

SDB 5 Sistemin dongiisel yapisini tanimlamak

SDB 6 Sistem icerisindeki etkilesimlerin gelecek etkilerini fark
edebilmek

SDB 7 Diger insanlar ve canlilarla empati yapabilmek

SDB 8 Sistem igerisinde kendi sorumlulugunun farkina varabilmek

SDB 9 Bir mekan algist gelistirebilmek

Calismanin Amaci ve Arastirma Sorulari

Bu ¢alisma fen bilimleri 6gretmen adaylarinin sistemsel diisiinme becerilerinin
diizeylerini ~ siirdiiriilebilir  kalkinma kavrami  kapsaminda belirlemeyi
amaglamaktadir. Bu cercevede, bu tezde fen bilimleri 6gretmen adaylarinin
sirdiriilebilir kalkinmanin c¢evresel, ekonomik ve toplumsal bilesenleri
arasindaki iliskileri sistemsel bir yaklasimla ele alip almadigi incelenmistir.

Calismada tartisilan arastirma sorular1 asagidaki gibidir:

1- Fen bilimleri 6gretmen adaylarinin siirdiiriilebilir kalkinma kavrami
acisindan sistemsel diisiinme becerileri hangi diizeydedir?
2- Fen bilimleri 6gretmen adaylarinin siirdiiriilebilir kalkinma kavramina

dair anlayislar1 nedir?
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YONTEM

Bu calisma fen bilimleri 6gretmen adaylarinin sistemsel diisiinme becerilerini
degerlendirmeyi amaclamaktadir. Karaarslan (2016)’nin da belirttigi lizere
kisilerin kisisel gecmisleri sistemsel diistinme yeteneklerini
etkileyebilmektedir. Buradan yola ¢ikarak bu tezde ¢alisma deseni olarak bir
nitel calisma yontemi olan ¢oklu durum c¢aligmasi kullanilmasina karar
verilmigtir. Coklu durum c¢alismasi incelenen durumun detayli olarak
incelenmesine olanak saglamasinin yani sira toplu bir degerlendirme yapmay1

da miimkiin kilmaktadir (Stake, 2005).

Katihmceilar

Bu calismaya Tiirkiye’de bir devlet {iniversitesinde son siif 6grencisi olan alt1
fen bilimleri 6gretmen adayr katilmistir. Katilimcilara sirasiyla Tuba, Ebru,
Asli, Burcu, Yaprak ve Deniz olmak iizere rumuz isimler verilmistir. Orneklem
grubu olusturulurken ti¢ adet kosul belirlenerek amagli 6rneklem yontemi
kullanilmistir. Biitiin katilimcilarin ayni iiniversitede 6grenci olmasina, son
stif Ogrencisi olmalarina ve siirdiiriilebilir kalkinma konusuna ilgileri
olduguna dair 6gretim iiyeleri tarafindan tavsiye edilmis olmalarina dikkat

edilmistir.

Veri toplama araclar
Bu ¢alismada fen bilgisi 6gretmen adaylarinin sistemsel diisiinme becerilerini
degerlendirmek amaciyla bir ger¢cek yasam Oykiisii ve bu Oykiiyle ilgili

goriisme sorular1 kullanilmistir.

Gergek yasam Oykiisii katilimcilarin  okuduklart 6ykiiyle kisisel bir iliski
kurmalarina olanak saglamay1 amaglamaktadir (Erdogan & Tuncer, 2009). S6z
konusu 6ykii Kizilirmak havzasiyla ilgili bir “Kizilirmak Havzasin1 Mandalar
Kurtaracak™ baglikli bir gazete haberinden yola ¢ikilarak ek kaynaklardan elde
edilen bilgilerin de derlenmesiyle arastirmaci tarafindan olusturulmustur.
Oykiide Kizilrmak havzasindaki manda popiilasyonun zaman igerisndeki

azalisini konu almaktadir. Oykiiye gore, manda iiriinleri ekonomik degerini
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kaybedince bolge halki mandacilig1 birakip tarima yonelmistir. Fakat tarimda
kullanilan ilaglar ve kimyasal giibreler ¢evreye zarar vermeye baglamistir.
Bunun yani sira mandalarin eksikligi de ekolojik dengenin bozulmasina neden
olmustur. Bu nedenlerle bélge halki ¢evresel sorunlarla yiiz yiize gelmistir. Bir
sivil toplum oOrgiitii bolge halkinin sorunlarini ¢6zmek amaciyla, bolgede
mandacilifi gelistirmek adina bir proje baslatir. Proje kapsaminda yapilan
calismalar sayesinde manda sayist arttirilmaya calisilir. Bu gercek yasam
Oykiist secilirken icerisinde siirdiiriilebilir kalkinmanin bilesenleri olan ¢evre,

toplum ve ekonomi hakkinda bakis agilar1 sunmasina dikkat edilmistir.

S6z konusu gercek yasam Oykiisiine dayanarak katilimcilara sorulmak tizere
altis1 demografik olmak {izere 26 goriisme sorusu gelistirilmistir. Gorlismeler
katilimcilarin ~ tutumlarini, duygularmi, disiincelerini, deneyimlerini ve
goriiglerini derinlemesine anlamay1 saglayan veri toplama araglaridir (Patton,
1990). Bu 20 agik uglu soru igerisinde bazi sorular 6zellikle belirli sistemsel
diisiinme becerilerini 6lgmek amaciyla sorulurken, bazi sorularsa her sistemsel

diisiinme becerisine kaynak saglayabilecek niteliktedir.

Bu c¢alismada yar1 yapilandirilmis goériisme modeli uygulanmistir. Yari
yapilandirilmis goriismeler sorular1 diizenli bir ¢ergeveye sikistirmadan
katilimcilarin konu hakkinda daha rahat ve detayl fikir belirtebilmesine olanak
saglamaktadir (Merriam, 2009). Goriisme sorulari, ¢alismada izlenen yari
yapilandirilmis goriisme modelinde kullanilmaya uygun olarak agik uglu
sorular olarak tasarlanmistir. Katilimcilart belirli bir fikre yonlendirmekten
kaginmak i¢in dogrudan sistemsel diisiinme becerilerini sorgulayan sorular

yerine Ortlik anlamli sorular tercih edilmistir.

Veri Toplama
Veri toplama siirecinde goriismeler arastirmaci tarafindan kisisel olarak
gergeklestirilmistir. Goriismeye baslarken gercek yasam Oykiisii katilimcilar

tarafindan okunmus ve sonrasinda katilimecilara goriigme sorular1 yoneltilmistir.
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Veri Analizi

Gorligme kayitlari arastirmaci tarafindan yazili hale getirilerek analiz dncesinde
detayli olarak incelenmistir. Bu inceleme sonucunda her goériisme calismada
kullanilan dokuz sistemsel diisiinme becerisine uygun olarak kategorize
edilmistir. Her bir sistemsel diisiinme becerisi i¢in kararlastirilan kategoriler ve
sistemsel  diisiinme  becerilerinin  kisa  tanimlamalar1  Tablo 2’de
gosterilmektedir. Goriisme kayitlart incelenirken bu kategori ve tanimlardan

faydalanilmistir.

Elde edilen bulgularin analizi i¢in bu ¢aligmada kullanilan sistemsel diisiinme
becerilerine 0zel olarak bir rubrik gelistirilmistir. Rubrik gelistirilmesi
sirasinda Karaarslan (2016)’1in sundugu rubrikten faydalanilmistir. Her bir

sistemsel diistinme becerisi rubrik iizerinde ii¢ diizeyde degerlendirilmistir.
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Tablo 2: Sistemsel Diisiinme Becerileri, Kategoriler ve Tanimlar

SDB Kategoriler Tanimlar
SDB 1- Sistem Cevresel bilesenler Cevresel bilesenler dogal kaynaklar
icerisindeki bilesenleri Sosyal bilesenler (su, enerji, tarim ve biyogesitlilik),

ve islemleri
tanimlamak

Ekonomik bilesenler

iklim degisimi, dogal afet yonetimi,
kirsal kalkinma, stirdiiriilebilir
sehirlesme; sosyal bilesenler insan
haklari, cinsiyet esitligi, kiiltiirel
cesitlilik; ekonomik bilesenler;
yoksulluk, kurumsal sorumluluk,
pazar ekonomisi gibi basliklari
icermektedir (UNESCO, 2006;
Karaarslan, 2016).

SDB 2- Sistem
icerisindeki bilesenler
ve islemler arasindaki
iliskileri tanimlamak

Cevresel bilesenler arasindaki iliskiler

Sosyal bilesenler arasindaki iligkiler

Ekonomik bilesenler arasindaki iligkiler

Cevresel ve ekonomik bilesenler arasindaki iligkiler
Cevresel ve sosyal bilesenler arasindaki iliskiler

Sosyal ve ekonomik bilesenler arasindaki iligkiler
Cevresel, sosyal ve ekonomik bilesenler arasindaki iligkiler

Bu beceri 6ykiiden ¢ikarilan farkli
bilesenler arasinda bir iliski kurmak
ve bu bilesenlerin birbirlerini nasil
etkilediklerini agiklamayi icerir. Bu
iliskiler metinde dogrudan ya da
dolayli yoldan ifade edilmis
olabilir.
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Tablo 2 (Devam)

SDB 3- Sistem Cevresel bilesenler hakkindaki genellemeler Bu beceri sistemin temel isleyisini
hakkinda genelleme  Ekonomik bilesenler hakkindaki genellemeler benimsemeyi ve bu bilgiyi farkli
yapabilmek Sosyal bilesenler hakkindaki genellemeler ortamlara uyarlayabilmeyi icerir
(Ben-Zvi Assaraf & Orion, 2005).
SDB 4- Sistem Gizli boyutlar Bu beceri sistemin igerisindeki
icerisindeki gizli dogrudan ifade edilmeyen gizli
boyutlar1 fark bilesenlerin farkinda olabilmeyi icerir
edebilmek (Ben-Zvi Assaraf & Orion, 2005).

SDB 5- Sistemin
dongtisel yapisini

Sistemin dongiisel dogas1

Bu beceri diinyadaki dongiilerin
devamliligini fark edebilmeyi igerir

tanimlamak (Ben-Zvi Assaraf & Orion, 2005).
SDB 6- Sistem Cevresel boyut hakkindaki tahminler Bu beceri her davranisin gegmiste bir
igerisindeki Ekonomik boyut hakkindaki tahminler nedeni ve gelecekte bir etkisi
etkilesimlerin Sosyal boyut hakkindaki tahminler oldugunu fark etmeyi amaglamaktadir

gelecek etkilerini
fark edebilmek

(Ben-Zvi Assaraf & Orion, 2005).
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Tablo 2 (Devam)

SDB 7- Diger insanlar
ve canlilarla empati

Diger insanlarla empati yapabilmek
Diger canlilarla empati yapabilmek

Bu beceri farkli insanlarin bakis agilarin,
motivasyonlarini ve duygularini

yapabilmek anlayabilmeyi ve dogadaki diger canlilari

diistinerek hareket edebilmeyi igermektedir.
SDB 8- Sistem Konu ve kisisel yagam arasinda iliski kurabilme Bu beceri kisilerin kiiresel problemlerdeki
i¢erisinde kendi Harekete gegebilme sorumlulugunu anlamalarin1 amag¢lamaktadir
sorumlulugunun (Karaarslan, 2016).

farkina varabilmek

SDB 9- Bir mekan
algis1 gelistirebilmek

Biyofiziksel boyut
Psikolojik boyut
Sosyokiiltiirel boyut
Politik- Ekonomik boyut

Bir mekan farkli anlamlar tagiyabilir. Bu
beceride bir mekan biyofiziksel, psikolojik,
sosyokiiltiirel ve politik- ekonomik olmak
lizere 4 boyutta degerlendirilmektedir
(Ardoin, 2006; Karaarslan, 2016).




TARTISMA VE SONUC

1. Fen Bilimleri Ogretmen Adaylarmmn Sistemsel Diisiinme Becerisi

Diizeyleri

Bu c¢alismada fen bilimleri 6gretmen adaylarinin sistemsel diisiinme
becerilerinin gercek olaylar kullanilarak degerlendirilmesi incelenmistir.
Degerlendirme sonucunda katilimcilarin  sistemsel diistinme becerilerinin
gelisimlerinin farklilik gosterdigi ve hiyerarsik olmayan bir diizlemde ilerledigi

gbzlemlenmistir (Sekil 1).

Bu c¢alismada cle alinan ilk sistemsel diisiinme becerisi “sistem igerisindeki
bilesenleri ve islemleri tanimlamak” (SDB 1)’tir. Sistemin bilesenlerini
tamimlamak sistemsel diisiinmenin ilk basamaklarindan biridir (Ben-Zvi
Assaraf & Orion, 2005). Katilimcilardan beklenen kendilerine verilen gergek
yasam Oykiisii i¢erisinden siirdiiriilebilir kalkinmanin biitiin boyutlarini igaret
eden bilesenler ve islemler belirtmeleridir. Neredeyse biitiin katilimcilar bu
beceride en {ist diizeye ulagsmislardir. Ancak bulgular detayli incelendiginde
katilimcilar tarafindan listelenen bilesen ve islemler arasinda ¢evre boyutuyla

ilgili olanlarin sayica one ¢iktig1 goriilmektedir.

“Sistem icerisindeki bilesenler ve islemler arasindaki iliskileri tanimlamak”
(SDB 2) olgiilen ikinci sistemsel diisiinme becerisidir. Sistem igerisindeki
bilesen ve islemler bu caligmada c¢evresel, ekonomik ve sosyal olarak
smiflandirilmistir. Ayn1 zamanda bu sistemsel diisinme becerisi Ben-Zvi
Assaraf ve Orion (2005)’in tanimladig1 sistemsel diisiinme becerilerinden
biridir. Arastirmacilar, 6grencilerle yaptiklart ¢alismada 6grencilerin acik bir
sekilde baglantili olan bilesenler arasindaki iliskiyi kolayca tanimladiklarini

gbzlemlemislerdir. Bununla birlikte, 6grencilerin farkli boyutlardaki bilesen ve
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islemler arasinda iliski kurmakta zorlandig1 bu sistemsel diisiinme becerisini
Olgen diger arastirmacilar tarafindan ifade edilmistir (Hmelo- Silver & Pfeffer,
2004; Raved & Yarden, 2014; Shepardson vd., 2014). Benzer sonuglarla
O0gretmen ve 0gretmen adaylariyla yapilan arastirmalarda da karsilasilmaktadir
(Karaarslan, 2016; Lee, 2015). Burada sunulmakta olan arastirmada da benzer
bir sonug¢ sergilenmektedir. Katilimcilarin buldugu etkilesimlerin biiylik
cogunlugu ¢evresel bilesenler arasinda kurulmustur. Ote yandan siirdiiriilebilir
kalkinmanin farkli boyutlarina ait bilesenler arasinda kurulan iliskilerin sinirlt
sayida oldugu gézlemlenmistir. Bu sistemsel diisiinme becerisi i¢in yalnizca bir
katilimer tiglincii diizeye ulasabilmistir. Bu bulgulara dayanarak, SDB 1°de
arastirilan, sistem igerisindeki farkli bilesenleri bulabilme becerisinin SDB
2’de farkli bilesen ve islemler arasinda iliski kurabilme becerisi i¢in bir 6ncelik

oldugu ¢ikarimi yapilabilir.

Bu arastirmadaki {i¢iincli sistemsel diisiinme becerisi ise “sistem hakkinda
genelleme yapabilmek” olarak isimlendirilmistir. Bir kavramin ana fikri
basarili bir sekilde 6ziimsendiginde, kisilerin bu ana fikri farkli ortamlara da
aktarabilmesi beklenir (Goldstone & Wilensky, 2008). Ancak bu aktarimin
yapilabilmesi i¢in kavram igerisindeki bilesenlerin ezberlenmeden anlasilmasi
gerekir (Lyons, 2014). Sistem hakkinda genelleme yapabilme becerisi
katilimcilarin bu arastirmada en diisiik diizeylerde derecelendigi becerilerden
biri olarak gozer carpmaktadir. Elde edilen bulgular 6gretmen adaylarinin
yogunlukla cevresel boyut iizerine genelleme yaptigimi gostermistir. Ug
katilimcr genellemelerine ekonomik boyutu eklerken sosyal boyut biitiin
katilimcilar tarafindan goz ardi edilmistir. Bulgular degerlendirildiginde, bu
becerinin karmagik bir beceri olarak degerlendirilebilecegi sonucuna

varilmistir.

“Sistem igerisindeki gizli boyutlar1 fark edebilmek” (SBD 4) katilimcilarin
yiiksek basar1 gosterdikleri bir diger sistemsel diisiinme becerisi olarak

bulunmustur. Strdiiriilebilir kalkinma kapsaminda bu beceri sistemin
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igerisindeki ¢evresel, sosyal ve ekonomik boyutlardan, iklim degisikligi, niifus
artis1, yoksulluk gibi farkli bilesenleri fark etmeyi saglayan bir beceri olarak
nitelendirilmistir (Karaarslan, 2016). Sistem icerisinde dogrudan isaret
edilmeyen bilesenleri fark edebilmek alanda yapilan ge¢mis calismalarda
zorlayic1 ve karmasik bir sistemsel diisiinme becerisi olarak belirtilmistir
(Golick vd., 2017; Lee, 2015; Sibley vd., 2007). Ancak katilimcilarin
deneyimsel bilgilerinin yiiksek olmasi ve sistem {izerinde derinlemesine
sorgulama yapildiginda bu becerinin gelistigi gozlemlenmistir (Ben-Zvi
Assaraf & Orion, 2005; Eilam, 2012). Bu tezde ger¢ek yasam Oykiisii kullanimi1
sayesinde, katilimcilarin konu hakkinda detayli bir tartigma yiiriitebilme imkan

elde etmesinin gizli bilesenlerin tespit edilmesini kolaylastirdig: fark edilmistir.

“Sistemin dongiisel yapisini tanimlamak™ (SDB 5) bu calismada konu edilen
besinci sistemsel diisiinme becerisidir. Ogrencilerle yapilan arastirmalarda
sistemin farkli boyutlar1 arasindaki dongiisel iliskilerin fark edilmesinde
ogrencilerin zorlandigini fark edilmistir (Hmelo- Silver vd., 2007, Shepardson
vd. 2014). Ancak dongiisel iligkilerle yasamin her alaninda karsilasilabilir
(Ben-Zvi Assaraf & Orion, 2005). Siirdirilebilir kalkinma da c¢evresel,
ekonomik ve sosyal boyutlariyla birlikte dongiisel bir yapt olusturmaktadir.
Ancak bu aragtirmadaki 6gretmen adaylar1 dongiisel iliskilerde de ¢ogunlukla
cevresel boyuta odaklanmiglardir. Bu bulgu dongiisel diisiinmenin kazanilmasi
zor bir beceri oldugunu goéstermistir. Fakat bu becerinin edinilmesi sistemin bir
biitiin olarak ele alinabilmesi ve sistem icerisindeki degisikliklerin sonuglarinin

anlasilabilmesi i¢in olduk¢a 6nemlidir.

Bu arastirmadaki altinci sistemsel diisiinme becerisi ise ‘“sistem igerisindeki
etkilesimlerin  gelecek etkilerini fark edebilmek” (SDB 6) olarak
tanimlanmistir. Bu beceri ge¢mis, gelecek ve simdiki zamanda yapilan her
etkinligin birbiriyle baglantili oldugunu anlamayi igermektedir (Ben-Zvi
Assaraf & Orion, 2005). Karaarslan (2016), bu beceriyi stirdiiriilebilir kalkinma

diizleminde degerlendirmis ve bu beceriyi edinmenin bu kavramla iligkili
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problemlerin anlasilip, bu problemlere ¢6ziim {iretilmesindeki Onemini
vurgulamistir. Bu arastirmada, diger becerilerde gozlemlenen bulgularla
uyumlu olarak ¢evresel boyutla ilgili gelecek tahminler 6ne ¢ikmaktadir. Buna
karsilik, ¢evredeki degisimlerin gelecekteki sonuglarinin ekonomik ve sosyal
boyutlarda da degerlendirilmesi siirdiiriilebilir  kalkinma hakkindaki

farkindaligin gelismesi acisindan 6nem tagimaktir.

Bu arastirmada degerlendirilen yedinci sistemsel diisiinme becerisi olan “diger
insanlar ve canlilarla empati yapabilmek™ (SDB 7) Karaarslan (2016)’nin
calismasinda “diger insanlarla empati yapabilmek” ve “diger canlilarla empati
yapabilmek”™ olarak iki ayr1 beceride ele alinmistir. Diinya biitlin insanlar ve
canlilarla birlikte bir biitlin olarak degerlendirilmelidir. Empati yapabilmek bu
unsurun anlagilmasinda 6nemli bir basamak olarak belirtilmistir (Karaarslan,
2016). Bu arastirmada da empati yapabilmenin katilimcilarda olumlu bir tutum
olusturdugu gozlemlenmistir. Farkli kisilerin bakis agilarmi goz Oniinde
bulundurmak katilimcilarin  herkes i¢in faydali olabilecek c¢oziimler
tiretmelerine yardimct olmaktadir. Ek olarak, diger canlilarla empati yapabilen

katilimcilarin ekoloji merkezci diisiinmeyi benimsedikleri gozlemlenmistir.

“Sistem igerisinde kendi sorumlulugunun farkina varabilmek” (SDB 8) de bu
calismadaki sekizinci sistemsel diisiinme becerisidir. Kendi sorumlulugunun
farkina varabilmek kiiresel bir vatandas olabilmenin 6nemli bir bileseni olarak
belirtilmektedir (Choi, Lee, Shin, Kim & Krajcik, 2011). Karaarslan (2016) bu
beceriyi kisisel eylemlerin dogal olaylarda ve baska insanlarin yasamlari
tizerinde etkileri olabilecegi hakkinda farkindalik kazanmayi sagladigini
belirtmektedir. Aragtirmact ayrica egitimde siirdiiriilebilir  kalkinmay1
gerceklestirebilecek Ogretmenlerin 6grencilerine cevresel, sosyal ve ahlaki
degerleri aktarabilen bireyler olduklarini agiklamigtir. Bunun yani sira
sorumluluk alabilmek, bilingli bir vatandas olmak icin gerekli kisisel ve sosyal
biitlinliigii olusturmak i¢in ihtiya¢ duyulan 6nemli bir beceri olarak ©ne

cikmaktadir (Zoller, 2011). Bu c¢alismada katilimcilarin sorumluluk alma
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becerisi bir ger¢cek yasam Oykiisii kullanilarak oOlgiilmiistiir. Gergek yasam
Oykiisii 6gretmen adaylarinin siirdiiriilebilir kalkinmayla ilgili bir konuyla
kisisel bag kurmasmi saglamistir. Bulgular, 6ykii hakkinda bir sorumluluk
alabilen katilimcilarin bu yonde bir bakis acis1 ve aliskanlik sahibi olduklarini

gostermistir.

Katilimcilarin  ¢ogunlukla diisiik diizeyde degerlendirildikleri bir diger
sistemsel diisiinme becerisi ise “bir mekan algis1 gelistirebilmek” (SDB 9)
olarak bulunmustur. Bu beceride katilimcilarin ¢ogunlukla birinci diizeyde
siralandiklart  gorilmiistiir. Bir mekan1 bu farkli boyutlar ¢ergevesinde
degerlendirmek Karaarslan (2016) tarafindan da karmasik bir sistemsel
diisiinme becerisi olarak tanimlanmistir. Bu beceride bir mekanla ilgili dort
farkli boyut tanimlanmustir: cevresel, psikolojik, sosyokiiltiirel ve politik-
ekonomik. Burada anlatilan ¢alisma sirasinda da katilimcilardan Kizilirmak
havzasina dair olusturduklari mekansal algiyr tasvir etmeleri beklenmistir.
Fakat degerlendirme sonucunda katilimcilarin  yine g¢evresel boyuta

odaklandiklar1 gézlemlenmistir.

Biitiin bunlara ek olarak, goriisme sirasinda katilmcilarin  gegmis
deneyimlerinin gercek yasam Oykiisiinli yorumlamalarinda etkili olduklar fark
edilmistir. Dogada daha fazla vakit gecirme ve gozlem yapma sansi bulan
katilimcilarin ¢evre boyutuyla ilgili daha fazla yorum yaptiklari goriilmiistiir.
Gortisme sirasinda biitlin katilimeilardan sistem hakkinda bir tanim yapmalari
ve ornek vermeleri istenmistir. Katilimcilarin sistem hakkindaki tanimlarinin
anlamli ve sistemsel diistinmeye uygun oldugu gézlemlenmistir. Ayrica verilen
ornekler de degerlendirilerek, bu arastirmada konu edilen 6gretmen adaylarinin
sistem kavrami hakkinda belirgin bir kavrayiglari oldugu gézlemlenmistir. Bu
durum sistemsel diislinme becerilerinin uygun bir uygulama yontemiyle

gelismeye acik olduguna dair ipucu vermistir.

171



|l e i i -

A o’

.,
EEEEEEEEEE NN RN R R
EEEEEEEEEEEEEEEEEEEEEEEEEEEEE|

Deniz

Katilmcilarin SDB diizeyleri

t Tuba “~Ebru ..Asli ®Burcu = Yaprak

2
3

172

+ Tuba

~Ebru

 Ash

s Burcu

# Yaprak
Deniz

Sekil 1: Katilimcilarin genel SDB diizeyleri



2. Fen Bilimleri Ogretmen Adaylarmin Siirdiiriilebilir Kalkinma

Kavramina Dair Anlayislar

Siirdiiriilebilir kalkinma igerisinde barindirdigr farkli boyutlar ve bu boyutlar
arasindaki iligkiler sebebiyle biitiinlesik bir sistem olusturmaktadir (Sleurs,
2008). Ogretmenlerin siirdiiriilebilir kalkinma konusunda somut bir kavrayisa
sahip olmalariysa sosyal ve g¢evresel problemlerin ¢oziimiinde dnemli bir rol
oynamaktadir (Nolet, 2009). Ote yandan calismalar dgretmenlerin ve dgretmen
adaylarinin bu konuda yetersiz bir bilgi birikimine sahip olduklarini ve
sirdiiriilebilir ~ kalkinmayr yalmizca c¢evre boyutuyla ele aldiklari
gostermektedir (Mills & Tomas, 2013; Sagdic, 2013). Bu c¢alisma sirasinda
yapilan goriismeler degerlendirildiginde, c¢alismaya katilan Ogretmen
adaylarinin stirdiiriilebilir kalkinmanin gevresel boyutuna daha fazla vurgu
yaptig1 goriilmiistiir. Sistem icerisindeki dongiisel iliskileri agiklarken (SDB 5)
yogun olarak dogal dongiilerden bahsedildigi fark edilmistir. Dahasi, goriisme
sirasinda okuduklari gergek yasam Oykiisii ve stirdiiriilebilir kalkinma hakkinda
bir iliski kurmalar1 istendiginde katilimcilarin yarisinin  siirdiiriilebilir

kalkinmay1 dogrudan ¢evre ile iliskilendirdigi gézlemlenmistir.

Sonu¢ olarak bu calismada stirdiiriilebilir kalkinma hakkinda elde edilen
bulgular, fen bilimleri 6gretmen adaylarinin siirdiiriilebilir kalkinma hakkinda

yetersiz kavramsal bilgiye sahip olduklarina dair ipuglar1 vermistir.
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3. Sistemsel Diisiinme Becerilerinin Degerlendirilmesinde Gerg¢ek

Yasam Oykiilerinin Kullanim
Gergek yasam Oykiileri siirdiiriilebilir kalkinma ve g¢evre egitiminde sikga
kullanilan bir ara¢ olarak one c¢ikmaktadir. Tartisilan problemlerin gegmisi
lizerine ayrintili bilgi saglamasi, bu problemlere dair ¢6ziim bulunmasinda
kisilere daha genis bir bakis agis1 kazandirmaktadir (Kortenkampand & Moore,
2011). Dahasi, cevre ile ilgili konularda ger¢ek Oykiilerinin problemin
karmasik yapisini O6ne c¢ikarmaya yardimci oldugu ve gergek problemler
lizerine tartismanin problem ¢6zme becerilerini harekete gecirdigi One
striilmiistiir (Remington- Doucette, Connell, Armstrong, & Musgrove, 2013;
Tuncay, 2010). Siirdiirtilebilir kalkinma ve sistemsel diisiinme baglaminda da

gercek yasam oOykiilerinin kullanish bir arag oldugu belirtilmistir (Karaarslan,

2016).

Bu calismada fen bilimleri 6gretmen adaylarinin sistemsel diisiinme becerileri
siirdiriilebilir kalkinmanin farkli boyutlarini isaret eden bir gercek yasam
Oykiisii  kullanilarak degerlendirilmistir. Katilimcilarin konuyu kolaylikla
benimsemeleri ve Ortiilk anlamli goriisme sorular1 sayesinde detayli bir bakis
acis1 saglamistir. Goriigme sirasinda konuyla iligkili kisisel deneyimlerin
paylasilmasi, bir gercek yasam Oykiisiinii yorumlamanin katilimeilar1 detayl
diistinmeye sevk ettigini ¢ikarimina ulasilabilir. Bu tezde gercek yasam Oykiisii
kullanilarak yapilan degerlendirme, tezde tanimlanan sistemsel diislinme
becerileri iizerine yapilan diger ¢alismalarla tutarlilik gostermistir. Bir baska
deyisle, gercek yasam Oykiilerinin sistemsel diisiinme becerilerinin

Olciilmesinde kullanilabilecegi sonucuna ulasilmistir.
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ONERILER

Bu c¢alisma sistemsel diislinme becerilerini egitim alaninda yorumlamay1
amaglayan arastirmacilar i¢in bir Ongérii olusturmayr amaglamaktadir.
Oncelikle bu ¢alismada yerel bir haberi konu alan bir gercek yasam oykiisii
kullanilmistir. Gelecek arastirmalarda farkli bir konu igeren gergek yasam
olciileri incelenebilir. Ornegin katilimcilarin kiiresel ve yerel kaynakli gercek
yasam Oykiileriyle ilgili yanitlar1 karsilastirilabilir. Ayrica, gercek yasam
Oykiilerinin sistemsel diistinme becerilerinin degerlendirmesinde kullanimi, bu
calismada kullanilan Ben-Zvi Assaraf ve Orion (2005) ve Karaarslan
(2016)’nin  tanimladig1 sistemsel diistinme becerilerinden farkli sistemsel
diisiinme becerileri ve ¢ergeve kullanarak da test edilebilir. Bu ¢alismada clde
edilen veriler sistemsel diisiinme becerilerinin siirdiirilebilir kalkinma
kavramini anlama ve bu kavramla iligkili problemlere ¢6ziim sunma agisindan
Oonemini vurgulamaktadir. Sistemsel diisiinme becerilerinin disiplinler arasi
tabiati sebebiyle, bu tez sadece fen bilimleri egitiminde degil farkl

disiplinlerdeki program gelistirme uzmanlarina da kaynak saglamaktadir.
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APPENDIX E.

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiisti

Sosyal Bilimler Enstitiisii -

Uygulamali Matematik Enstitiisii

Enformatik Enstitlisii

Deniz Bilimleri Enstitiist

YAZARIN

Soyadi: Oztas
Adi: Melike
Boliimii: {lkdgretim

TEZIN _ADI (ingilizce): Assessing Pre-Service Science Teachers’ Systems
Thinking Skills Using Real Life Scenarios

TEZIN TURU : Yiiksek Lisans - Doktora

1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

2. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan

ve/veya bir boliimiinden kaynak gosterilmek sartryla fotokopi alinabilir.

3. Tezim bir (1) y1l siireyle erisime kapali olsun. -

TEZIN KUTUPHANEYE TESLIiM TARIHI:
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