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ABSTRACT

SCIENCE TEACHERS AS ESD EDUCATORS: AN OUTDOOR ESD MODEL
FOR DEVELOPING SYSTEMS THINKING SKILLS

Karaarslan, Giiliz
Ph.D., Department of Elementary Education
Supervisor: Prof. Dr. Gaye Teksoz

June, 2016, 390 pages

The main purpose of this thesis is to explore how science teachers could become
Education for Sustainable Development (ESD) educators. The study was conducted
in five stages which are: gap analysis, developing systems thinking skills
measurement tools, designing an outdoor ESD course, conducting a pilot study, and
conducting the main study. Through gap analysis, systems thinking was found out
to be a required competence for science teachers to become ESD educators. In the
second stage, twelve systems thinking skills were determined and a series of
qualitative data collection tools were developed and adapted. The third stage
included designing an outdoor ESD course to develop the pre-determined systems
thinking skills of pre-service science teachers. The pilot study in the fourth stage
was carried out for the purposes of assessing the validity and the reliability of the
tools, measuring the current state of systems thinking skills of the pre-service
science teachers, and piloting the outdoor ESD course. In the final stage, the main
study was conducted to develop systems thinking skills of eight pre-service science

teachers through the outdoor ESD course.
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The results revealed that outdoor ESD course holds an important potential to
develop systems thinking skills of pre-service science teachers. Development of the
skills were found to be dependent on the individual differences and complexity
among the skills. In conclusion, this study aims to make unique contributions to
both science education and ESD literature by offering an outdoor ESD model to

educate pre-service science teachers for a sustainable future.

Keywords: Education for Sustainable Development, Pre-Service Science

Teachers, Outdoor Education, Systems Thinking
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SURDURULEBILIRLIK ICIN EGITIM EGITMENI OLARAK FEN BILGISI
OGRETMENLERI: SISTEMSEL DUSUNME BECERILERINI GELISTIRMEK
ICIN ACIK ALANDA SURDURULEBILIRLIK iCIN EGITIM MODELI

Karaarslan, Giiliz
Doktora, Ilkdgretim Boliimii

Tez Yoneticisi: Prof. Dr. Gaye Teksoz

Haziran, 2016, 390 sayfa

Bu ¢alismanin temel amaci fen bilgisi 6gretmenlerinin siirdiirtilebilirlik i¢in egitim
(SiE) egitmeni olabilmeleri i¢in uygun egitim modelini ve etkisini nitel bir
arastirma yontemiyle aragtirmaktir. Bu ¢calisma bes asamadan olugsmaktadir. Bunlar,
fark analizi, sistemsel diisiince becerilerinin 6l¢iilmesi i¢in 6l¢eklerin gelistirilmesi,
acik alanda SiE dersinin tasarlanmasi, pilot calisma ve ana ¢alismadir. ilk olarak
fark analizi yontemi ile sistemsel diigiinme becerisinin fen bilgisi 6gretmenlerinin
SiE egitmeni olabilmeleri icin gerekli oldugu belirlenmistir. Ikinci asamada fen
egitimi ve SiE alaninda on iki sistemsel diisiinme becerileri tanimlanmis ve bu
becerilerin dl¢iilmesi amaci ile nitel 8lgme araclari gelistirilmistir. Ugiincii asamada
ise fen bilgisi aday 0gretmenlerinin sistemsel diistinme becerilerinin gelistirilmesi
amaci ile acik alanda SiE dersi tasarlanmistir. Calismanin pilot denemesinin
yapildig1 dérdiincili asamada daha once gelistirilen 6lgme araglari test edilmis ve fen
bilgisi 6gretmenlerinin mevcut sistemsel diisiinme becerileri belirlenmis ve agik

alanda SiE dersinin pilot uygulamasi gerceklestirilmistir. Son olarak, ana ¢alisma
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sekiz fen bilgisi 6gretmen adayinin sistemsel diisiinme becerilerini agik alanda SiE

dersiyle gelistirmek amactyla uygulanmistir.

Sonuglar fen bilgisi 68retmen adaylarinin sistemsel diistinme becerilerinin agik
alanda SiE dersiyle gelistirilebilecegini gostermistir. Buna ek olarak, sistemsel
diisiinme becerilerinin gelisiminin bireysel farkliliklara ve beceriler arasinda
karmagik iligskilere de bagli oldugu bulunmustur. Sonug¢ olarak, bu calisma
stirdiiriilebilir bir gelecek i¢in aday fen bilgisi 6gretmenlerinin egitilmesinde agik
alanda SiE modelini 6nermektedir. Bu sayede ¢alismanin hem fen egitimi hem de

SiE alan yazinina 6nemli katkilar sunmasi planlanmaktadir.

Anahtar Kelimeler: Siirdiiriilebilirlik i¢in Egitim, Fen Bilgisi Ogretmen Adaylari,
Acik Alanda Egitim, Sistemsel Diigiinme
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CHAPTER |

INTRODUCTION

Since 1950, significant changes have occurred on the earth and the earth has been
driven to a new age called as Anthropocene, denoting domination of the earth by
human activities (Brito & Smith, 2012). In a more cynical point of view, human
activities are pushing the earth to the sixth mass extinction or Anthropocene
extinction (Kolbert, 2014). On the global scale, rapid increase in the concentrations
of CO2 and other greenhouse gases in the atmosphere that result from human
activities such as burning fossil fuels and industrial agriculture brings out
unpredictable consequences (Feldman & Nation, 2015). Among these, food
shortage, energy crisis and global climate change are the major ones that humanity
faces today, and as Orr (2004, p. 9) remarked “we are all ignorant about the changes
in the world”. Most of the researchers posit that one of the significant ways to be
engaged with these changes and challenges to create a sustainable world is
education (Feldman & Nation, 2015).

The roots of Environmental Education (EE) appear in the historical documents of
Belgrade Charter (UNESCO, 1976) and Thilisi Declaration (UNESCO-UNEP,
1977). The main goal of EE in these documents was described as protecting the
environment and reducing the human impact. A decade after Thilisi and Belgrade
Charter, Brutland Report (UN, 1987) and United Nations Conference on
Environment and Development held in Rio (UNCED, 1992), the attention was
drawn to the social, economic and political aspects of the issues. The overall intent
has shifted from environmental protection for meeting needs of the humanity to

meeting the needs of environment and society (McKeown & Hopkins, 2003).



That is to say, environment and development concepts have been brought together
since Rio conference in 1992 (Gough, 1997). Thus, with the core shift from Thilisi
to Rio, EE has started to evolve to Education for sustainable development (ESD)
(McKeown & Hopkins, 2003) and ESD has been built on EE (Marcinkowski,
2010). Chapter 36 of Agenda 21 titled as “Promoting Education, Public Awareness
and Training” pointed out education as a vital factor to promote sustainable
development (UNESCO, 2005b). Thus, the seed of ESD was planted in the Agenda
21, which was a landmark publication of UNCED (1992). Although there is not a
single definition or a single interpretation, UNESCO (2013) defined ESD as
“empowering everyone to make informed decisions for environmental integrity,
economic viability and a just society for present and future generations while
respecting cultural diversity”. ESD is a broad and holistic concept that does not only
deal with integrating sustainability issues to existing curricula and programs, but it
is also mainly concerned with the transformation of education system to reorient
societies for sustainable development (UNESCO, 2014). Therefore, ESD engages
with all levels of education from early childhood to higher education and every
discipline from art, history to science and mathematics could provide knowledge,
skills, and values to implement ESD and create an interdisciplinary connection of
ESD (McKeown and Hopkins, 2003).

Science education (SE) and ESD have a historical link. In 1970s, when the EE
(earlier form of ESD) has come into the agenda there was a widespread belief in the
society that environmental problems could be solved through further scientific and
technological developments (Gough, 2008). These scientific and technological
developments influenced the vision of SE through the years (e.g., Carter, 2008;
Deboer, 2000). Since 1950s, the main goal of SE has been to grow scientifically
literate citizens, and today it is argued that the meaning of scientific literacy should
be expanded to meet the needs of the 21% century (Choi, Lee, Shin, Kim & Krajcik
2011). Scientific knowledge together with technology brought enormous changes
in human life like traveling long distances by plane at cheaper costs, but it also
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brought declining oil supplies and an increase in the amount of greenhouse gases
(Levinson, 2010). In other words, scientific and technological developments
brought ethical and moral concerns and resulted in several environmental problems
such as climate change (Choi, et al., 2011). In order to deal with these kinds of
problems, we need to consider questions such as what might be the effects of nano-
scale products on the environment both locally and globally, how can we create a
sustainable planet while considering future generations’ energy need, and how
could we could increase the quality of our life while decreasing environmental
problems (e.g., Choi et al., 2011; Feldman & Nation, 2015). These sustainability
problems are complex and interconnected; therefore, SE could emphasize the
increasing complexity of these local and global problems (Sterling, 2010),
considering the social, economic and environmental aspects of sustainability to

create a more sustainable planet (Feldman & Nation, 2015).

Considering the current rapid developments in science, technology and engineering,
the ethical and moral concerns, and the need to emphasize sustainability issues, a
number of SE researchers have suggested a reconceptualization of SE (e.g., Carter,
2008; Colucci-Gray, Perazzone, Dodman & Camino, 2013; Feldman & Nation,
2015; Gough, 2008). Carter (2008), for example, argued that the purpose of SE in
the 21% century should be to help students make critical judgments about science
and increase their engagement to work for a more socially just, equitable and
sustainable world. Further, several researchers (e.g., Choi et al., 2011; Hodson,
2011 (as cited in McFarlane, 2011) asserted that scientific literacy should be
redefined by considering the needs of the society and to ensure a sustainable future.
For these reasons, the collaboration between SE and ESD is needed in order to help
individuals understand how sustainability issues influence different segments of the
society, to explore three pillars of sustainability (economic, social and
environmental) (Feldman & Nation, 2015), and to increase students’ interest and
motivation to take action in social and global problems (Tytler, 2007). Today, there
are increasingly more efforts to integrate sustainability into SE through a variety of
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ways such as Science-Technology-Society (STS), Science-Technology,
Environment and Society (STES), science, technology, engineering and
mathematics (STEM) or environment, science, technology, engineering and
mathematics (E-STEM) (e.g., NRC, 2012; NAAEE, 2016). These are important
developments in SE research.

SE as a discipline should include sustainability topics to develop students’
sustainability perspectives (e.g., Feldman & Nation, 2015) and educate them as
responsible citizens to create a sustainable future (Stratton, Hagevik, Feldman &
Bloom, 2015). Therefore, preparation of science teachers for a sustainable future is
an urgent need. Science teachers need to be aware of their individual and collective
actions, and the possible ways they could contribute to creating a sustainable future
(Tippins, Pate, Britton & Ammons, 2015). Science teachers should also be prepared
as sustainability literate, globally minded citizens (Carney, 2011; Foley,
Archambault & Warren, 2015), and they should have necessary knowledge and
skills to grow their future students who could act for sustainability of the earth
(Stratton et al., 2015). Therefore, there is a need to educate science teachers as ESD
competent educators who could understand complexity and interconnectedness of
the current problems and educate young learners as globally responsive and

environmentally sustainable future citizens.

1.1 Teacher Education for ESD

Teacher education for ESD has been reported to be one of the important challenges
for today and the future. Teachers are key agents in ESD as they could shape future
generations’ abilities to create a sustainable world (UNESCO, 2014). Therefore, to
create a sustainable society, all teachers, educators, leaders and decision makers
should have required competencies at all levels of education (UNECE, 2011). This
thesis specifically focused on how to prepare science teachers as ESD educators.
For this reason, required competencies for science teachers and ESD educators were
investigated. In the literature, the term competency is accepted as a critical
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landmark in terms of teaching and learning of sustainability (Wals, 2010; Wiek,
Withycombe & Redman, 2011; UNECE, 2011). In the literature, competency has
been defined in various ways, and a common definition for competency is
performing a task or an activity effectively (De Bueger (1996) (as cited in
Naumescu, 2008). In the sustainability literature, competency is defined from a
broader perspective including several dimensions such as knowledge, skills,
willingness, attitudes (e.g., Sleurs, 2008; Stratchan, 2012; Weinerts, 2001 (as cited
in Adombent & Hoffmann, 2013). Weinerts (2001) defined competency as
“positive combination of knowledge, ability and willingness in the availability of
the individual to cope successfully and responsibly with changing situations”.
Moreover, Naumescu (2008) defined competency as a more complex term that “the
performance of the tasks, the management of the tasks, the ability to respond to
irregularities, the capacity to deal with complexities, taking responsibility, working
with others, attitudes to new tasks and new situations”. Based on the ESD literature,
in this thesis, competency is defined as a complex, multi-structured term as
including knowledge, intellectual and pedagogical skills, dispositions and both
cognitive and affective aspects (e.g., Sleurs, 2008; Strachan, 2012; UNECE, 2011).
As sustainability problems are complex and interrelated, specific key competencies
are needed to be able to solve these problems (Wiek, Withycombe & Redman,
2011). All teachers and educators should be equipped with required competencies
in order to engage in ESD. In order to develop teachers’ professional development
for ESD, UNESCO (2005b) identified several guidelines and recommendations.
Accordingly, the five goals of ESD are: environmental stewardship, social equity,
justice and quality of life for all generations. Also, UNESCO (2004, 2005b, and
2006) recommended new models of professional development for ESD educators
that included essential skills, cross-cultural approaches and action based learning

models for pre-service and in-service teachers.

More recently, there are also attempts in higher education institutions to integrate
sustainability into teacher education programs (Stevenson, Ferreria, Evans & Davis,
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2015). For instance, Washington State asserted, in a report prepared on teacher
education requirements (content, methodology and competencies), that teachers
need to prepare students as responsible citizens for a sustainable world (Washington
State OSPI, 2008). Further, required ESD competencies for teachers have been
determined in several research papers and policy documents (e.g., Sleurs, 2008;
UNECE, 2011). In addition, United Nations Economic Commission for Europe
(UNECE, 2011) made a call for transforming education towards sustainable
development to shape abilities of future generations in order to create sustainable
societies. It also declared that teachers at all sectors of education should have core
competencies to integrate ESD into their programs (UNECE, 2011). These policy
documents and research papers also have implications for science teacher
education. Several key documents identified basic competencies for science
teachers such as subject matter knowledge, pedagogical knowledge and skills (e.g.,
Nezvalova, 2007; NSTA, 2012). Yet, there are lack of explanations related to ESD
competencies such as emphasizing the relationship among environment, society
and economy, considering the relationship among past, present and future,
understanding different groups, cultures (building empathic relationship) and
systems thinking. However, recently the new SE framework prepared by National
Research Council (NRC, 2012) included several items that are relevant to
characteristics of ESD. NRC (2012) addressed interrelationship among science,
engineering and technology, developing students’ understanding of complex
systems and systems thinking in engineering projects. In SE and science teacher
education field there is a tendency to develop students’ and teachers’ understanding
of complex systems and developing an integrated, holistic way of understanding.
Therefore, developing science teachers’ ESD competencies holds an important
base. As Stevenson et al (2015) mentioned, ESD provides a wider scope from
environmental to social, economic, cultural, political factors and emphasize
complex relationship among these factors as far as global challenges such as climate
change, biodiversity loss (Wals, Brody, Dillion, & Stevenson, 2014). In other
words, ESD refers to a holistic approach rather than a reductionist approach which
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are generally common in traditional education systems, and it focuses on
sustainability problems at a systemic level (Sterling, 2001; Tilbury, Coleman &
Garlick, 2005). Therefore, teaching complex relationships and sustainability issues
need complex understanding, willingness and capacity (Stevenson et al., 2015), that
sets a base for the competencies of ESD educators implying integrative approaches
and systems thinking (UNECE, 2011). Especially, systems thinking is seen as a
key feature in the ESD and sustainability competencies documents and papers (e.qg.,
UNECE, 2011; Sleurs, 2008; Wiek et al., 2011) and as a core competency for ESD
educators (Strachan, 2012). Accordingly, considering ESD as an undeniable need
of the 21% century, there is a need for developing science teachers’ competencies to
understand the complex relationships among social, cultural, economic and
environmental systems and sustainability issues, in particular, science teachers are

expected to gain systems thinking skills (STS).

1.2 Systems Thinking Skills: Theoretical Framework

The complexity and interconnectedness of today’s problems such as climate
change, energy, and food security requires a radical shift in our way of thinking. A
shift from reductionist thinking (thinking in isolation) towards systems thinking is
needed for building a sustainable future (Capra & Luisi, 2014; Sleurs, 2008).
System is defined in the literature in different ways, but giving the same idea.
System refers to interconnectedness among the elements of a system and an
integrated whole that cannot be reduced to smaller parts (e.g., Capra, 1993;
Meadow, 2008). For instance, a system could be a set of things such as a city, a
school, a family, a forest, an ecosystem etc. (Sterling, Maiteny, Irving & Salter,
2005). Also, it is essential for individuals to understand a system and its
components. For instance, to be able to understand climate change, first, students
should understand climate as a system (Shepardson, Niyogi, Roychoudhury, &
Hirsch, 2012). In essence, in order to understand complex systems, components,
interactions and to see the bigger picture, a new way of thinking is required (Capra
& Luisi, 2014; Shepardson et al., 2014). This new way of thinking is related to
7



thinking in relationships, in contexts and patterns and it is, in general, called systems
thinking (Capra & Luisi, 2014).

Systems thinking emerged in the 20" century as a reaction to reductionist, non-
linear thinking (Capra, 1982; Capra & Luisi, 2014 ). When the history of western
science in the 16™ and 17" century was examined, the common way of thinking
was related to Newtonian-Cartesian worldview suggested that universe worked as
a machine, according to mechanical laws (Capra & Luisi, 2014). Yet, during the
scientific revolutions in the 19" and 20th century such as emergence of evolution
theory, organismic biology helped to reveal a new way of thinking. Therefore,
Newtonian-Cartesian mechanistic view lost its effect through new scientific
revolutions. In other words, the universe was accepted to work more complex than
Descartes and Newton had explained (Capra & Luisi, 2014). Systems thinking
arouse during these times, especially in biology and ecology disciplines. For
instance, some biologists pointed out that living systems could be understood as an
integrated whole without reducing to smaller parts (Capra & Luisi, 2014). Later,
systems thinking became popular in other disciplines such as psychology,
philosophy, physics, engineering and economy (Sleurs, 2008). Systems thinking
has been studied broadly in engineering and business fields as well. The researchers
in these fields (e.g., Senge, 1990; Frank, 2000; Booth-Sweeney & Sterman, 2000)
defined systems thinking as a higher order thinking that includes cognitive abilities
like problem solving, scientific reasoning, understanding dynamic process and
complexity. According to Senge (1990), systems thinking is required in science,
technology and everyday life. More recently, systems thinking drew attention of
educators and has been considered as a critical approach in education (Hmelo,
Holton & Kolodner, 2000). Especially, in SE context a series of studies were
conducted by several SE researchers (Assaraf & Orion, 2005, 2010a, 2010b; Batzri,
Assaraf, Cohen & Orion, 2015; Keynan, Assaraf & Goldman, 2014). More
specifically, these researchers dealt with systems thinking in the earth systems
science context. Assaraf and Orion (2005), for example, defined systems thinking
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in earth systems context as including eight emergent characteristics such as the
ability to identify components of a system, relationships, and hidden dimensions in
a system, cycling nature of the system and temporal thinking. The authors’
description of systems thinking also included cognitive components, and it
specifically focused on understanding complex structure of the natural systems.
Systems thinking has also been emphasized in ESD context and even more, it has
been considered as a central theme of ESD. In the ESD context, systems thinking
has been defined in various ways but they all had same meaning. Tilbury and Cooke
(2005) described systems thinking as a type of thinking methodology, a critical
understanding of complex natural systems, and their functions and
interrelationships. Nolet (2009) identified systems thinking as one of the
components of sustainability literacy and described systems thinking as including
not only relationships among species and nature and but also connections among
social, economic and ecological systems. Capra (2005) and Sterling et al. (2005)
defined systems thinking in terms connectedness, understanding relationships,
patterns and context. According to Capra (2005) systems thinking is a shift of
perception, a new way of thinking that is needed for building sustainable societies.
Therefore, systems thinking, in general, has been accepted as a key competency for
ESD (e.g., Sleurs, 2008; UNECE, 2011). The literature provided various definitions
for systems thinking yet, they all included common terms like understanding
relationships, interactions, and patterns, and interdependent and complex nature of
the world (e.g., Strachan, 2012). In this thesis, systems thinking was defined as a
valuable tool to achieve an integrative approach to understand relationships,
interdependencies, complexity in the systems, seeing the big picture, seeing the
multiple cause-effect relationships, considering long term solutions, personal
worldviews and feeling part of the system (e.g.. Capra, 2005; Sleurs, 2008; Sterling,
2003; Tilbury & Cooke, 2005).

In the 21% century, in order to deal with complex, interrelated problems of the world

and produce sustainable solutions, systems thinking is considered as an urgent need
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(Capra & Luisi, 2014). Science teachers need to have STS to prepare future
generations to cope with the current problems of the world and develop their
abilities to create a sustainable future. ESD could provide a baseline for developing
STS of science teachers. Therefore, in this thesis, pre-service science teachers’
(PSTSs) systems thinking skills (STS) were investigated through twelve STS which
were determined in the context of SE and ESD. The important characteristic of these
twelve skills is that they were identified in terms of combination of different
frameworks in SE and ESD such as Assaraf and Orion (2005)’s systems thinking
framework and UNECE (2011)’s ESD competencies framework. Further, these
skills included both cognitive and affective components that are considered as
essential for both SE and ESD. Thus, complex and multi-structured nature of
systems thinking has been reflected through the twelve skills used in this thesis.
Furthermore, the twelve STS that build up the framework of this thesis comprised
of a wide range of skills (Table 1.1).

Table 1.1
Systems Thinking Skills in SE and ESD context
Systems Thinking Skills

STS-1 Identifying aspects of sustainability

STS-2 Seeing nature as a System

STS-3 Identifying components of a system

STS-4 Analyzing interconnections among the aspects of sustainability
STS-5 Recognizing hidden dimensions

STS-6 Recognizing own responsibility in the system

STS-7 Considering the relationship among past, present and future
STS-8 Recognizing cycling nature of the system

STS-9 Developing empathy with other people

STS-10 Developing empathy with non-human beings

STS-11 Developing a sense of place

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

In this thesis, a series of data collection tools for measuring twelve STS were
developed and an outdoor ESD course was designed to foster PSTs’ STS in order

to educate science teachers as ESD educators.
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1.3 Measuring Systems Thinking Skills

Systems thinking arose as a critical skill in SE context (e.g., Assaraf & Orion, 2005;
2010; NRC, 2012) and as a key competency for ESD educators (e.g., Sleurs, 2008;
UNECE, 2011). Since systems thinking is an emergent area in the education
literature, there is still limited study for integrating systems thinking into education
programs (Plate, 2010; Brandstadter, Harms, & Grobschedl, 2012). Moreover,
there is not sufficient measurement tools to assess systems thinking skills therefore,
researchers pointed out the need for developing various STS measurement tools
(Boersma, Waarlo & Klaassen, 2011; Brandstadter et al., 2012). For this reason, it
is necessary to conduct more research to measure and develop systems thinking
skills (Brandstadter et al., 2012). In the literature, both qualitative and quantitative
tools were suggested in order to measure STS. For instance, in the SE context,
researchers conducted interviews, observations, concept maps and drawings (e.g.,
Assaraf & Orion, 2005; 2010a; 2010b). In the ESD context, in addition to
interviews, written samples and case studies were the most preferred data collection
tools (e.g., Connel et al., 2012; Lang, 2007; Sandri, 2013). Further, in order to
evaluate STS level of the students and teachers some researchers developed a
structured rubric (e.g., Connel et al., 2012; Hung, 2008; Remington-Doucette,
Connell, Armstrong & Musgrove, 2013).

In this thesis, various instruments have been developed and used to obtain enriched
data about systems thinking skills of PSTs. These tools included essay writing, case
study analysis, interviews, field reports and concept maps. In the literature, written
samples or case studies are suggested as the most feasible approaches to assess
systems thinking skills (Wang & Wang, 2011; Zulauf, 2007). Systems thinking is a
higher order thinking therefore, it could be evaluated through written samples
(essay or case study) (Wang & Wang, 2011). Through case studies, for instance,
real examples are provided to the students and they are asked to analyze these real
cases. Thus, case studies are the effective tools to assess systems thinking skills

(Remington, et al., 2013). Moreover, interviews are accepted as the major tools to
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measure STS (eg., Assaraf & Orion, 2005; 2010a; Batzri et al., 2015; Hmelo-Silver,
Marathe & Liu, 2007). Interviews provide more detailed information about STS
(Assaraf & Orion, 2005). In addition to interviews more recently, concept maps
have been suggested as effective tools to evaluate STS (Brandstadter et al., 2012;
Sommer & Lucken, 2010). However, in the literature there is not general consensus
about which concept mapping practices are effective to evaluate STS (Brandstadter
etal., 2012).

In this thesis, a combination of qualitative measurement tools in SE and ESD
context has been carried out. Essay writing, case study analysis, field reports,
interviews and concept maps have been used in order to validate PSTs’ responses

and thus, provide a detailed picture of STS developmental patterns.

1.4 Outdoor Education for Developing Systems Thinking Skills

In the literature outdoor education has been used for two main purposes: 1. to gain
skills related to adventure activities such as rock climbing and 2. to educate
individuals for a sustainable future (e.g., Beames et al., 2012; Hill, 2012). In this
thesis, outdoor education has been utilized as a transformative approach for
educating individuals about our planet and for building a sustainable future
(Beames et al., 2012). Outdoor education holds a critical importance in ESD
because it provides direct experience with the environment and develops physical,
sensory, intellectual and affective ways of knowing and human relationship with
the environment (Beames, et al., 2012). Outdoor education plays a vital role to
develop our relationship with the planet to create a sustainable future (Beames, et
al., 2012). Today, outdoor education is re-conceptualized as including social,
economic and environmental issues of the 21 century (Hill, 2012). Further, the call
IS increasing as incorporating sustainability, socio-ecological and place responsive
approaches into outdoor education practices (Higgins, 2009; Hill, 2012; Lugg, 2007
& O’connell, Potter, Curthoys, Dyment & Cuthbertson, 2005). Developing

relationship with the environment is assumed as a precondition for understanding
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of sustainability. Outdoor education fosters individuals’ connection with nature and
helps them develop alternative worldviews for sustainable living and contribute to
grow sustainability literate citizens (Lugg, 2007). In this way, outdoor education
promotes a broad understanding and interaction that people need for building a
sustainable future. Moreover, outdoor education is seen as an effective tool to
develop systems thinking skills (e.g., Assaraf & Orion, 2005; Beames, Higgins &
Nicol, 2012; Keynan, Assaraf, & Goldman, 2014). Outdoor education helps
individuals understand complex natural systems (Assaraf & Orion, 2005). For
instance, the relationship between plants and animals, cycling nature and human
impact on natural systems could be better understood through outdoor education
(Beames et al., 2012).

In parallel with the arguments in the previous studies (eg., Assaraf & Orion, 2005;
Beames, Higgins & Nicol, 2012; Keynan, Assaraf, & Goldman, 2014) in this thesis
outdoor education has been utilized as a tool for developing PSTs’ systems thinking
skills. Outdoor education provides a higher order learning by combining both
cognitive and affective learning (Rickinson, et al., 2004). Therefore, in this thesis
outdoor based ESD has been accepted as a holistic approach for developing PSTs’

systems thinking skills.
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1.5 Purpose of the Study and Research Questions

The purpose of this PhD thesis is to explore how science teachers could become
ESD educators. More specifically, this thesis aimed to develop pre-service science
teachers’ systems thinking skills through an outdoor ESD course. The research

questions leading the thesis are as follows:

1.5.1 Research Question 1:

What are the required competencies for science teachers to become ESD educators?

The first research question aims to investigate the required competencies for science
teachers in order to become ESD educators. In this thesis, competency has been
conceptualized as a complex, multi-structured concept including knowledge,
intellectual and pedagogical skills, attitudes, willingness, and dispositions, which
encompasses both cognitive and affective aspects (e.g., Sleurs, 2008; Strachan,
2012; UNECE, 2011). First, in order to investigate how science teachers could
become ESD educators, required competencies for science teachers and ESD
educators were compared based on the relevant literature (e.g., NSTA, 2012;
UNECE, 2011).

Therefore, with this research question, the researcher aimed to reveal the gap
between science teachers’ and ESD educators’ competencies and explore any key
competencies for science teachers to become ESD educators. The investigation of
this first research question guided the researcher to develop the following parts of

this study.
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1.5.2 Research Question 2 and Research Question 3

Research Question 2: How the key competency for science teachers to become ESD

educators (systems thinking skills) can be measured?

In terms of gap analysis results systems thinking has become as a major competency
to investigate. Systems thinking is a new area in education and it has been measured
in specific contexts such as earth systems science, ecology, and sustainability and
by means of specific measurement tools such as interviews, concept maps, written
samples (e.g., Assaraf & Orion, 2005, 2010; Connel et al., 2012). To be able
measure STS of the individuals, it is important to reveal what constitutes
components of systems thinking in a specific context and how these components
could be measured (Stave & Hopper, 2007). This thesis primarily identified twelve
systems thinking skills in SE and ESD context for PSTs and developed various tools

to measure these skills based on the context.

Research Question 3: What is the quality and validity of the developed systems

thinking measurement tools?

Systems thinking has a complex nature; therefore, it is a challenging issue to
evaluate affordances and constraints of the measurement tools designed to evaluate
systems thinking skills (Assaraf & Orion, 2005). For this reason, there is a need to
establish validity and reliability of the STS measurement tools. Since several
instruments have been developed to measure STS in this thesis, a pilot study has

been conducted to examine the validity and reliability of the tools.
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1.5.3 Research Question 4:

What are the current level of systems thinking skills of pre-service science teachers?

This research question aimed to explore current level of STS of PSTs before the
main study started. There are lack of studies related to exploring STS in teacher
education, especially in science teacher education. Several researchers (e.g.,
Assaraf & Orion, 2005, 2010; Kali et. al., 2003; Evagorou, Korfiatis, Nicolaou &
Constantinou, 2009) investigated STS of elementary school and high school
students and these studies were conducted in different contexts. In addition to this,
in Turkish context, there were not many studies conducted about exploring STS in
science teacher education. For these reasons, this research question investigated
current level of STS of PSTs.

1.5.4 Research Question 5 and Research Question 6

Research question 5: How can PSTs’ systems thinking skills be developed through
the outdoor based ESD course?

This research question aimed to investigate STS development process of PSTs in
an outdoor based ESD course. Outdoor education develops individuals’ connection
with the place through understanding nature’s integrity, it helps them understand
the interactions between nature-society systems, and recognize how their behaviors
influence the system (Hill & Brown, 2014). Additionally, outdoor education
enables students to understand the components of a system and interrelationships
among them; thus, it contributes to developing students’ STS (Assaraf & Orion,
2005). In the 21% century, there is an increasing call for integrating sustainability
issues, socio-ecological and place based approaches to outdoor education (e.g.,
Beames et al.,, 2012; Higgins, 2009; Hill, 2012; Lugg, 2007; Nicol, 2002).
Therefore, the vision of outdoor education in this study embraces the call of the 21°

century and it is based on the human-nature relationship, aspects of sustainability
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(social, economic and environmental), recognizing components and relationships
in a system, and developing a sense of place. It was assumed that the outdoor based
ESD course could be an effective way to develop STS of PSTs; and this research
question helped the researcher to explore STS development process of PSTs’

throughout the course.

Research Question 6: To What extent do PSTs reflect on their systems thinking

skills to instructional planning in the light of the outdoor ESD course?

In the literature, several researchers (e.g., Brown & Champione, 1994; Senge,
Cambron, Lucas, Smith, Dutton & Kleiner, 2000) argue that children are born as
natural systems thinkers that they could recognize interdependencies in the world
before they go to school. However, school programs fragment knowledge into
unrelated parts and do not provide many opportunities for students to see the
patterns, relationships in a system, and suppress students’ natural thinking in
systems (Sweeney & Sterman, 2007). Unfortunately, our culture continues to adapt
materialistic worldviews although natural systems work in a complex and non-
linear way (Capra, 2005). Systems thinking holds a critical importance for
understanding complex, cycling natural systems and interdependencies among

sustainability issues.

Teachers play an important role to prepare their students as responsible citizens for
a sustainable future (Washington State OSPI, 2008); therefore, pre-service teacher
education is very important to achieve a social transformation in the world (Foley,
Archambault, & Warren, 2015). Pre-service science teachers could provide learning
environments to their future students to unearth their natural systems thinking skills.
They could educate them as systems thinkers who could realize interconnectedness
in the world and feel responsible for creating a sustainable future. Therefore, this
research question focused on what extent PSTs could reflect STS in their
instructional planning (lesson plans) under the light of outdoor ESD course.
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1.6 Significance of the Study

With regard to rapid developments in science and society, SE has been evolved
through the years (Deboer, 2000). The complexity and interrelatedness of the global
problems in the 21% century constituted the need for integrating ESD into the
education system and accordingly, integrating sustainability to SE has come to the
agenda of the researchers (e.g., Carter, 2008; Burmeister & Eilks, 2012; Gough,
2008; Hestness, McGinnis & Breslyn, 2015; Tippins, Pate, Britton & Ammons,
2015). Researchers and education philosophers assert that students and teachers
should be prepared for designing a sustainable society. For instance, according to
Orr (1992), teachers should develop both scientific literacy of students and also
prepare them to make decisions for sustainability and know the ways of living in a
harmony with their environment. Similarly, Stratton et al. (2015) argue that science
teachers should educate children and other citizens about sustainability. Recently,
during the International Scientific Conference, UNESCO (2015) emphasized the
need for a holistic approach to SE in order to cope with global challenges such as
climate change. In addition to recent developments related to SE around the world,
in Turkey sustainable development concept has been integrated to new SE
curriculum and it aims to grow scientifically literate individuals who are aware of
sustainability and also to help young learners realize the relationship between

human, environment and society (MoNE, 2013).

There are increasingly more efforts in order to make collaboration between SE and
ESD around the world and there is a strong need for this collaboration as education
plays an important role in constructing a sustainable future. Therefore, this thesis
holds a critical importance to contribute to the literature at the national and
international level in terms of both theoretical and practical aspects.

The fundamental significance of this thesis is, therefore, due to its bringing four of

the key components of the 21°% century education (e.g., Carter, 2008; Hill, 2012)
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(systems thinking, SE, ESD and outdoor education) together and employing an
empirical study combining these components. Hence, bringing the key components
together, this thesis is aiming to contribute to the literature by measuring and

developing systems thinking skills of PSTs to become ESD educators.

The second significance of this thesis comes from the presentation of twelve STS
in SE and ESD context. The skills were determined and defined by an intense
literature review and through expert opinions, and it included both affective (e.g.,
empathy) and cognitive components (e.g., identifying components in a system) and
thus reflected multifaceted nature of SE and ESD.

At the national level, this thesis is the first to define systems thinking skills in two
contexts (SE and ESD), and therefore, it promises to shed a light for SE researchers
and program developers to integrate ESD and systems thinking concepts to the

programs.

From a practical perspective, another significance of this thesis is to produce
reliable and valid tools for assessing STS in the education literature (Brandstadter
et al., 2012). Researchers generally developed specific tools for measuring systems
thinking in specific contexts (e.g., Assaraf & Orion, 2005; 2010). In this thesis, a
series of data collection tools were developed or adapted to measure STS of PSTs,
and they were pilot tested for constructing validity and reliability issues. Therefore,
this thesis might fill in the gap offering some tools to measure STS in SE and ESD

context.

Another practical significance is that an outdoor ESD course was designed for
developing STS of PSTs. The researcher claimed that the outdoor based ESD has a
potential to foster STS of the PSTs. Outdoor education has been found to help
individuals understand components and interactions of the complex systems

through directly experiencing the natural phenomena (Assaraf & Orion, 2010;
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Beames et al., 2012). Outdoor education in Turkey is mostly pursued by several
environmental non-governmental organizations (NGO) and it is not completely
integrated to school curriculum. Therefore, this thesis could open a new window
and a new perspective for SE and ESD researchers in Turkey to take into account
the potential of outdoor education for creating a multidisciplinary environment and
developing students’ and teachers’ systems thinking skills. Further, the results of
this thesis will provide information about the current state of PSTs’ systems
thinking skills and inspire both SE and ESD researchers in terms of using these
results by designing their studies.

In conclusion, this thesis aims to have unique contributions to both SE and ESD
literature in terms of suggesting a model to educate science teachers as ESD

educators in order to meet the demands of the 21% century (Figure 1.1).

Systems
Thinking
Skills

How could

Scien(_:e ?ecégﬂgfs Outdoor
Education become ESD Education

Educators?

Figure 1.1. Key Components of the Thesis
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CHAPTER 2

LITERATURE REVIEW

2.1 The Evolution of Science Education

The purpose of science education (SE) is to grow scientifically-literate individuals
with an understanding of science content, skills for drawing conclusions from
scientific issues and evaluating scientific cases (Wang & Schmidt, 2001). SE has
been evolved for 100 years. During the early years of 20" century, SE was
influenced by the education philosophers like John Dewey. Because of the
influence of Dewey’s education perspective, it was accepted that SE and education
in general were related to contemporary life (Deboer, 2000). The role assigned to
SE was to raise individuals who have ability to take part in social life. More
specifically, the major target of SE was to integrate scientific knowledge into real
life activities. From 1960s to 1980s, SE became more and more interested in the
strategic role of scientific knowledge in society. In 1960s, through industrialization,
rapid developments of technology and with the launching of Sputnik I, the context
of SE began to change (Chui & Duit, 2011). Furthermore, national security
concerns in the World War-11 and developments in technology brought a new
approach to science education which was called scientific literacy. Deboer (2000)
noted that scientific literacy has evolved as a general concept since 1980s, and it
has been defined by several scientific boards (National Research Council (NRC),
1996; OECD, 2004)

For instance, the Organization for Economic Cooperation and Development
(OECD, 2004) defined scientific literacy as ‘‘the capacity to use scientific
knowledge, to identify questions and to draw evidence-based conclusions in order

to understand and help make decisions about the natural world and the changes
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made to it through human activity’’ (p. 40). Yet, the focus of SE continued to evolve
in line with the developments in science and technology and people’s interests
(Deboer, 2000). SE has been influenced by industrial and economic developments
as well as digital technologies. Therefore, the aim of SE is described as to raise

scientifically and technologically informed citizens (UNESCO, 2008).

In these years, Carter (2008) emphasized that SE needs to develop new perspectives
to promote sustainability. Furthermore, Choi et al. (2011) note that developments
in technology and engineering have brought ethical, moral and global concerns such
as global warming, energy crisis, air and water pollution, and these developments
have also had impact on the changing focus of SE. Choi et al. (2011) emphasize
that there is a need to reconsider the meaning of scientific literacy based on the
demands of the 21% century society. The authors suggested that definition of
scientific literacy needs to be revised so that it includes global perspectives,

understandings and capabilities to build and maintain a sustainable world.

Indeed, Meadows, Meadows, Randers and Behrens (1972) who are the authors of
the report of Limits to growth claimed that the resources of the Earth is finite and
if humans maintain unlimited growth in industrialization, population, food
production and resource depletion, eventually, the civilization will collapse. In the
report, the authors pointed out that technology-centered solutions don’t have impact
on the problems of depletion of resources, pollution etc. They implied that every
new technology has side effects. They also mentioned that green revolution is a
good example of indicating social-side effects of the new technologies. New seed
varieties, fertilizers, pesticide productions were presented as a new agriculture
technology, yet they brought some social problems on traditional cultures
(Meadows, et al. 1972). Today, family farms are lost and big companies have been
managing food production in the world. In addition to a number of SE researchers,
Meadows et al. (1972) put forward that technological solutions have social and

psychological side effects, and they caused new problems in the world.
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As understood from the above discussions, only technology and engineering
centered SE does not provide solutions for sustainability problems today. There is
a need to strengthen the relationship between SE and social studies by addressing
sustainability. As Maxwell (2009) noted that science could initiate a global
degradation in the world, yet, it could also be a solution for sustainability. The

important point is related to how to interpret and use science.

Maxwell (2009) suggests that the reductionist view of science contributes to
unsustainability today. Actually, only considering technology-focused science
without thinking social, cultural and political aspects shows reductionist view of
science. Reductionist thinking in science has a long history, reaching back to
Newtonian-Cartesian worldview (Maxwell, 2009). This worldview appearing in the
16" and 17" century assumed that world worked through mechanical rules (Capra,
1982). This view suggested that natural systems could be understood by
fragmenting them into small parts (Capra, 1982). As discussed by Maxwell (2009)
and Orr (1992), however, such thinking has adverse effects on natural systems and

cause unsustainability in the world.

How we view science also influences our interpretation of SE. Today, most of the
science textbooks ignore big ideas, important concepts and lead students to
memorize a set of facts; thus, they fail to encourage students to develop a systematic
and integrated way of understanding of science (Liu & Hymelo-Silver, 2009). For
instance, students and student teachers’ drawings of a scientist as a lab-coated male,
bald, using test tubes etc. demonstrate that science is understood as abstract,
physical, unemotional and in a reductionist view (Littledyke, 2008). Students learn
science in a fragmented way in schools, and science teachers continue teaching in
this way as they were taught at schools and at the universities (Tytler, 2007).

Therefore, the shift in the perception of science influences the view of SE as well.
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The evolution of physics from Newtonian-Cartesian to modern physics brought a
fundamental shift from reductionist thinking towards systems thinking, requiring
the need to reconsider science and SE (Maxwell, 2009). More recently, systems
thinking has drawn the attention of science educators. Systems thinking has been
defined as one of the important 21% century skills (e.g., Choi et al., 2011). For
instance, NRC (2010) determined the definitions of the 21% century skills for SE.
These skills included adaptability, complex/communication/social skills, non-
routine problem solving skills, self-management and self-development, and also
systems thinking. In this report, systems thinking was described in line with the job
performance standards such as understanding the relationship between work
responsibility and company’s strategy, values and goals. Systems thinking was
defined according to needs of workplaces and economists in the report of National

Research Council of the National Academies.

Nevertheless, several authors (e.g., Capra, 2005; Choi, et al., 2011; Orr, 1992;
Sterling, 2003) explain holistic view of science or systems thinking as a solution
towards the current problems of the world. For example, Choi, et al. (2011)
criticizes the definition of scientific literacy that is providing a partial and
fragmented picture of the system and not developing understandings and abilities
of individuals to build a sustainable planet for all people. The authors emphasize
that science should ask these questions like:

What are the likely effects that inventing, manufacturing and using
nanoscience products will have on the health of my family and my
community?” or “What might be long range effects of nanoscale waste on
the environment both locally and globally?”. (p.671).

Therefore, Choi et al. (2011) re-conceptualized scientific literacy and suggested

five dimensions of scientific literacy which are “21% century content knowledge”

(dealing with the issues of climate change, consequences of genetic engineering,

destruction of the environment and lack of energy, “Habits of mind” (related to key

elements of communication and collaboration skills, systems thinking, the use of
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arguments to support claims, build arguments and information management skills,
“Character and values” (related to a value system for the 21% century; ecological
worldview, socio-scientific accountability and social and moral compassion,
“Science as a human endeavor” (related to a contemporary understanding of the
nature of science (NOS) and “Metacognition and Self-direction” (related to self-
directed planning, self-directed monitoring and self-directed evaluating). The
authors point out that these five dimensions are not separated, and they are all
related to each other, and working on these five dimensions is a new focus for
scientific literacy and SE. It is revealed that systems thinking has proposed as a new
way of understanding of science and as a component of scientific literacy as well.

Moreover, in accordance with the discussions of integrating sustainability into SE,
more recently, NRC (2012) has developed a new framework for K-12 science
education with the aim of developing, especially, science and engineering
knowledge of students and supporting careers in science, technology and
engineering. NRC (2012) included dimensions related to scientific and engineering
practices, cross-cutting concepts that combine science and engineering and core
ideas in the fields of physical sciences, life sciences, Earth and space sciences and
engineering and technology and applications of science. This new framework
brought different perspective together in SE although it has been criticized of
having limited view of sustainability, not including environmental, social, ethical

and political components (e.g., Feinstetin & Kirchgasler, 2014)

Briefly, science has proceeded a paradigm shift from mechanistic view of science
towards holistic, systemic view of science, which means a change from seeing the
world as a machine to understanding the world as including networks and
relationships (Capra, 2002). The changes in philosophy of science, scientific
revolutions, developments in science and technology influenced SE as well.
Traditional ideas in science that suggest scientific and technological solutions are
the best way to deal with global environmental problems are still acceptable.
However, there is a need to reconsider the aim of SE, its implications and
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consequences (Colucci-Gray et al., 2013). Today, SE could give more importance
to relationships, aspects of life, cultural and ecological sustainability since SE could
make a contribution to the important dilemmas of the 21 century (Carter, 2008).
Therefore, SE could be re-conceptualized through addressing the needs of the 21st
century citizens. That is, in the 21% century, people need to have an understanding
of big ideas, holistic perspective, systems thinking skills (STS), and they should be
aware of their responsibilities while making choices and decisions for sustainability
(Carter, 2008; Choi et al., 2011).

How could we prepare today’s citizens for the needs of the 21% century? As an
answer to this question, ESD type SE for integrating sustainability and systems
thinking perspective is suggested as an approach since ESD provides an
interdisciplinary approach that helps individuals understand interconnectedness in
the natural, built, economic and political world (Feldman & Nation, 2015). Figure

2.1 displays the evolution of SE from past to present.
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Figure 2.1 The evolution of science education

2.2 The Need for ESD

Because of the changing perspectives and paradigm shifts in science, today SE has
more focused on environmental issues (McFarlane, 2012). Several authors point out
that SE should not only focus on understanding the Earth system but also should
work for an equitable, just and sustainable world (e.g.,Gough, 2007; Carter, 2008).
From the past to present, humans have always tried to change and shape the Earth
(Carter, 2008). As we know that over the last two centuries, human activities have
been influencing the environment and in the last half of the century, natural
resources have been declining seriously (Palmer, 1998). Socio-economic factors
accelerate environmental crisis and unsustainable practices (Vare, 2014), and level
of inequality is increasing among the counties (OECD, 2008). Actually, current
problems in the world are called as wicked problems having multiple reasons and

cannot be solved with generic principles or linear thinking (Blackman, Elliot,
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Greene, Harrington, Hunter, Marks, Mckee & Williams, 2006). Wicked problems
are related to complex social problems such as health issues and global warming
(Blackman et al., 2006). In order to solve these kinds of problems, individuals
should be equipped with necessary skills and competencies that could be possible
through a transformation towards ESD (Wiek, Xiong, Brundiers & Van der Leeuw,
2014). In order to understand where and how this transformation started, examining
major historical documents is required. First, EE as a concept was introduced
through two documents which are ITUCN (1970) and Thilisi (UNESCO-UNEP,
1977). The aim of EE defined in these documents was to develop pro-environmental
behaviors and encourage active citizenship (Vare, 2014). Actually, the roots of EE
dates back to three past educational movements which were outdoor education,
nature study and conservation education (Disinger, 2001). Before the
environmental movements in 1960, environmental studies were limited to
observation of the natural world. Although EE has a broader and comprehensive
meaning, it has not been successful to contribute to educational policy and practices
(Vare, 2014). Therefore, similar to EE building on its antecedents (nature study,
conservation study etc.), ESD has built on EE in the same way (Marcinkowski,
2010).

The seeds of ESD were planted in 1970s in line with the conferences including the
man and environment conference in Stockholm (UN, 1972) and the UNESCO-
UNEP conference on EE in Thilisi in 1977 (Wals & Kieft, 2010). ESD first emerged
in the United Nations Conference on Environment and Development (UNCED),
Earth Summit in Rio de Janerio in 1992. Chapter 36 of Agenda 21 exracted from
UNCED (1992) determined four goals:

. “Promoting and improving quality of education”

. “Reorienting existing curricula”

. “Increasing public awareness of sustainable development”
. “Developing training for all sectors” (p.32)
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Wals (2007) emphasized that these major historical documents reflected the
changes which are shifting from environmental problems to sustainability problems
and changes from EE to ESD.

Thus, DESD that started in 2005 aimed to develop and reorient education systems
towards sustainability in ten years. At first glance, this aim was considered for
formal curriculum and revising curriculum for sustainability. However, at the end
of the DESD, a richer understanding for ESD applying all sectors and interests was
developed (UNESCO, 2014). In the early years of ESD, it focused on the meaning
and content of sustainability. Yet, in the recent documents, its education aspect has
gained more importance. In general, there has been a shift from training and

instruction towards learning and capacity building for ESD (Wals & Kieft, 2010).

A current vision for ESD is “what constitutes a good quality education”, which
refers to “what people learn, its relevance to today’s world and global challenges
and how people develop skills and attitudes respond to these challenges now and
for future generations” (UNESCO, 2014, p.21). Not only formal education, but also
non-formal (e.g., nature centers, non-governmental organizations) and informal
education (e.g., television, radio) have a responsibility for implementing ESD
(Mckeown, 2002). ESD pedagogies are developed at all levels of education (formal,
non-formal, informal) (UNESCO, 2014). ESD pedagogies hold a potential to create
a transformation from memorization to participatory learning (UNESCO, 2012) and
moving from the classroom to the community environment (UNESCO, 2014). In
addition to the inclusion of ESD in school curriculum, it is critical to reveal how to
apply ESD in classroom teaching. ESD requires a shift from traditional teacher-
centered pedagogies towards collaborative, discovery and problem-solving
approaches (UNESCO, 2014). In the final reports of DESD (UNESCO, 2014), it is
reported that one of the important challenges for the future is teacher preparation
for ESD. Therefore, UNESCO declared that teacher education needs a high priority
(UNESCO, 2013). There are around 70 million teachers in the world, and they hold
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a great potential to shape individuals’ worldviews, attitudes, abilities to create a
sustainable world (Mckeown, 2012). According to final report of DESD (UNESCO,
2014) ESD in teacher education has shown an increase from emerging interest level
in 2005 to significant progress level in 2013. Some countries have already created
their own environment and sustainability education standards and determined
teacher education requirements for sustainability. For instance, Washington State
reported that all teachers need to prepare students as responsible citizens for a
sustainable world. (Washington State OSPI, 2008, p.7). In the report, teacher
requirements are determined in three components which are content, methodology
and competences. For example, some of the teacher competencies are that teachers
should feel connected to an environmental and sustainability education community,
and they should be able to make contributions to this community. Scotland is
another country, for instance, that determined professional standards for teacher
education which include two specific principles. Those principles are that teachers
should be knowledgeable about sustainability and competent to apply ESD
(Higgins & Kirk, 2006).

Moreover, in the final report of DESD, it was suggested that ESD competencies,
professional standards and certifications for teachers should be explored by the
governments and teacher education institutions (UNESCO, 2014). Therefore, some
institutions have already determined required teacher competencies for ESD (e.g.,
United Nations Economic Commission for Europe (UNECE), 2011; Sleurs, 2008).
The expert group at UNECE aimed to develop educators’ knowledge, skills,
attitudes, understandings and values for ESD (UNECE, 2011). As ESD could take
place in all education levels (formal, non-formal and informal), they developed
ESD competencies not only for teachers but also for all educators. It was suggested
that initial teacher education institutions should consider these competencies and
find the best suitable areas in their programs in order to integrate ESD competencies
(UNECE, 2011). These competencies determined by UNECE (2011, p.12)
included three essential characteristics of ESD: “a holistic approach” (related to
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integrative or systems thinking and practice), “envisioning change” (related to
learning from the past, present and exploring alternative futures) and “achieving
transformation” (related to transforming the way people learn). Furthermore, a
teacher education department in Belgium initiated a European Commission-funded
project to develop a framework to integrate ESD into teacher education. As a result
of this project, teachers’ competencies for ESD were determined (Sleurs, 2008). In
this model, teacher is defined as an individual in a dynamic relationship with their
students, their colleagues and the wider society rather than as an instructor. In the
report, five competency domains including cognitive and affective dimensions were
identified (Sleurs, 2008). These five competencies are knowledge, systems
thinking, ethics, values, emotions and action. In this model, it is noted that these
competencies are not separated from each other, but they are all related. For
instance, systems thinking is linked to emotions since it refers to understanding
others’ perspectives, beliefs; thus, it helps build empathy with other people (Sleurs,
2008).

Wiek et al. (2011) conducted a review of key competencies for sustainability in
higher education. The authors examined relevant literature of key competencies,
made a synthesis of the literature and determined critical gaps in conceptualizing of
competencies for sustainability. They revealed five core competencies in higher

EE 1Y

education which are “systems thinking competence”, “anticipatory competence”,
“normative competence”, “strategic competence” and “interpersonal competence”
(Wiek et al., 2011, p. 205). They concluded that there is a growing interest for
determining key competencies in sustainability. Yet, there is a need for improving
these competencies and conducting empirical, follow-up studies related to these
sustainability competencies in higher education (Wiek et.al, 2011). In Wiek et al.
(2011)’s study, they did not specifically emphasize ESD competencies for teachers;
instead, they focused on general competencies in higher education. Nevertheless,
there are similarities among these competencies recognized by UNECE (2011) and

Sleurs (2008). The common critic found among these competencies is that ESD
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educators should have a holistic approach, systems thinking or integrative thinking.
For instance, Wiek et al. (2011) noted that sustainability requires a comprehensive,
systemic understanding; therefore, STS are crucially important for sustainability
education. Furthermore, UNECE (2011) reported that systems thinking is a
valuable tool for ESD as it reflects interrelationships between the human and natural
environment and among different cultures in the world. Moreover, Sterling (2004)
mentioned insights from systems thinking. He developed an integrative view of
education and a change of paradigm across education, and he used the term of
“sustainable education”. Sustainable education refers to a systems view of
sustainability (Sterling, 2004). That is, all systems include subsystems and
sustainability is related to sustaining of a system related to its environment
(Sterling, 2004). Sterling (2004) notes that the health of a system depends on the
health of its subsystems. The author emphasizes that a transformation and a
paradigm change is necessary in education; hence, systems thinking which explores
relationships is essential and helpful. Briefly, Sterling (2009, p.1) notes that “If we

want the chance of a sustainable future, we need to think relationally.”

For this reason, systems thinking is proposed as one of the important ESD
competencies for teachers and educators. Sleurs (2008) noted that systems thinking
is related to awareness of being part of the global system and relationships among
economy, ecology and society. Therefore, systems thinking is at the center of ESD
(Sleurs, 2008). How ESD has evolved around the world is summarized in Figure
2.2.
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Figure 2.2 The evolution of ESD

2.3 The Situation of SE and ESD in Turkey

ESD provides a vision for people to understand the world and how to cope with the
global problems that threaten our future (UNESCO, 2011). As presented in Figure
2.2, in the recent years, the issue of competencies for ESD educators, and especially,
systems thinking and integrative approaches has been more emphasized.

In the 21% century, SE should hold a wider perspective to prepare citizens who could
explore components of sustainability (social, environmental and economic) and
who could make social, political, environmental decisions for themselves and for
the community (Choi et al., 2011; Feldman & Nation, 2015). Therefore, there is a
need to strengthen the relationship between ESD and SE. As mentioned earlier,
current view of science and SE contributes to a fragmentary and reductionist way
of thinking (Littledyke, 2010; Maxwell, 2009). Therefore, similar to ESD, systems
thinking poses importance in SE. In order to understand what is behind our actions
and recognize the big picture in the system, there is a need to develop STS of the
individuals (Choi et al., 2011). Within ESD, we could provide this integrated way
of understanding or systems thinking through a more comprehensive, multi-

dimensional and holistic approach (Burmeister & Eilks, 2012). For this reason, it is
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critical to prepare science teachers according to new vision of SE which is related
to sustainability and systems thinking perspective. Carney (2011) suggested that
future science teachers’ sustainability literacy should be developed as well. That is,
they should have a global perspective, an understanding how people and places are
interconnected, a perspective related to how complex systems work, respects for
the limits and systems thinking and interdependence (Church & Skelton, 2010;
Nolet, 2009). Therefore, it is not enough to integrate sustainability into SE
programs, we need to develop competencies (including systems thinking) of future

science teachers for ESD.

Science courses were integrated into the Turkish curriculum after Turkish Republic
was founded in 1923. In 1924, all educational institutions began to be managed by
Turkish Ministry of National Education (MoNE) (Gozutok, 2003). In those years,
when the first village schools were opened in 1927 and the aim of these schools was
to educate villagers; therefore, the program included more agriculture courses than
science courses. After John Dewey visited to Turkey, a new SE curriculum was
developed and the new curriculum included more pragmatist ideas. After the
Second World War, like other countries, Turkey followed modern science
curriculum developments in USA in 1960s (Sozbilir, Kutu & Yasar, 2012).

Rapid developments in science and technology in Turkish society influenced
curriculum development studies through the years (Gozutok, 2003). Based on the
need of the 21% century, MoNE initiated SE reform. For this aim, the first attempt
was to change the name of science education to science and technology education
considering the aim of the curriculum in 2004 (MoNE, 2004). The science and
technology education program initiated in 2004 has been influenced by the
paradigm shifts in science around the world and incorporated the constructivist
approach. The aim of the program was to raise scientifically and technologically
literate individuals and develop students’ critical thinking, creativity, problem

solving skills and participation on decision making process (MoNE, 2004). More
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recently, SE program was changed again by MoNE in 2013. The purpose of new
elementary science education curriculum is to bring up scientifically literate
individuals. Yet, this new curriculum emphasized the relationship among science,
technology, environment and society more. The curriculum aimed to develop
students’ understandings of how science influences technology and society and how
society influences science and technology. Furthermore, new curriculum aimed to
help students recognize the interconnections among science, technology and society
and to develop sustainability awareness of the students. Sustainablity in the new
curriculum has been defined as using natural resources by considering the needs of
the future generations and as informing students about the social, economic and
individual benefits of the less consumption (MoNE, 2013). The new curriculum
also emphasized that students should be aware of the positive and negative impacts

of the technological developments.

It is understood that new curriculum does not only promote technology-centered
idea but also it encourages students to understand the relationship among science,
technology, society and environment. Moreover, it was the first time we could see
the concept of sustainability in the new curriculum. In this context, it is understood
that paradigm shifts in science and SE has impacts on Turkish SE curriculum.
Especially, 2013 curriculum reflected new ideas, new perspectives and new

approaches in SE.

Turkey has followed developments in SE in the world through the years, and
recently, new curriculum has reflected new ideas, new perceptions related to SE

like integrating sustainability concept to SE programs.

Actually, in Turkey, there is not an educational policy for ESD; yet, several national
programs emphasized the need for ESD in education programs. For instance,
UNESCO-Turkey (2011) carried out several studies with its global principle

“education is for all”. In terms of ESD, a committee has been established and studies

35



about ESD are conducted with MoNE, Elementary General Management and
Ministry of Environment and Forestry. Being the focal point for ESD, UNESCO-
Turkey (2011) announced the main goals for implementing ESD in Turkey as
follows:

e To strengthen the connections of knowledge, sharing and experience
among people
e To increase the quality of education in terms of ESD.
e To help Turkey develop an ESD policy
In order to meet the goals mentioned above, an Eco-School project has been

launched by Turkish Environment and Education Foundation (TURCEV) to
increase students’ and teachers’ environmental awareness, their environmental
knowledge and active citizenship. In recent years, however, National Reports
related with international conventions, (e.g. National Capacity Action Plan, 2011;
Turkey’s Sustainable Development Report, 2012 and National CC Strategy, 2010)
address the necessity of reevaluation of Turkish education system in terms of Rio
principles. In Turkey’s Sustainable Development Report prepared by Ministry of
Development (2012), it is proposed that courses should be prepared and integrated
into the curriculum to develop students’ sustainable production and consumption
understandings and to increase their environmental awareness. It is also emphasized
that educational institutions should be in cooperation with non-governmental
organizations and media. In parallel with these arguments, recent SE curriculum

has included sustainability concept.

In research based context, there are a variety of studies investigating PSTs’
opinions, beliefs, attitudes, motivation and insights related to the environment and
sustainability (e.g., Karaarslan, Ertepinar & Sungur, 2013; Kiling & Aydin, 2011;
Tuncer, Tekkaya & Sungur 2006; Tuncer, Tekkaya, Sungur, Cakiroglu, Ertepinar
& Kaplowitz, 2009). Yet, there is lack of debate surrounding the relationships

between SE and ESD or integration of sustainability issues into SE.
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Furthermore, sustainability is not a major concern of the lecturers in faculties of
education including science teacher education as explored in the study of Cavas,
Ertepinar and Teksoz (2014). The authors investigated opinions of the lectures in
faculties of education about the integration of sustainability into their lectures. They
found that lectures in faculties of education rarely integrate sustainability concepts
into their lecture contents. Besides, the authors emphasized that lecturers refer only
to one aspect of sustainability (usually environment); therefore, they do not have a
holistic way of understanding sustainability. Similarly, there is a lack of courses

integrating sustainability into SE in the science teacher education programs.

While discussions are going on for integrating sustainability into SE programs,
more recently, SE in Turkey has been influenced by the new SE framework
developed by NRC (2012) in USA. Several researchers (e.g., Corlu, 2014; Corlu,
Caprara, Corlu, 2015) emphasized that STEM education is critically important for
the economic competitiveness of Turkey. Corlu et al. (2014) notes that Turkey
needs to have integrated teacher education programs including STEM education in
order to meet the needs of knowledge-based society. Research interest in STEM
education has been increasing in Turkey in the recent years.

Briefly, Turkey has been influenced by the reforms related to SE throughout the
history of SE. In the recent years, there are attempts to create SE programs by
addressing the relationship among science, technology, society and sustainability,
and thus, creating an integrated way of understanding.

2.4 Competencies of Science Teachers

In accordance with the arguments about the role of SE in the 21% century,
discussions are also going on about what could be the role of science teachers in the
future. Many authors, educators and researchers have been working on the new
standards for future science teachers. They have especially focused on
competencies of science teachers (Naumescu, 2008).

37



Actually, competencies of science teachers have been discussed for more than 50
years, and generally two categories for competencies were suggested: One of the
categories is related to what could be the main skills to be a good science teacher,
and the second one refers to the necessity of SE for today’s young people
(Naumescu, 2008). The first category, the main skills for being good STs, was
emphasized by Barnett and Hodson (2001). The authors addressed that good
science teachers should have practical knowledge, pedagogical content knowledge,
professional knowledge and classroom knowledge. Moreover, Osborne and Millar
(2000) discussed the necessity of SE for young people today, and they criticized
that young people are not so familiar with scientific ideas.

Therefore, they suggested several competencies for science teachers as follows:

1. Science teachers should be familiar to scientific ideas.

2. Science teachers should increase students’ sense of curiosity.

3. Science teachers should develop students’ scientific skills.

4. Science teachers should prepare the most appropriate assessment tools.

5. Science teachers should make relationship between science and technology.

6. Science teachers should be open to new techniques and innovations.

In general, SE literature focused on three components related to teachers’
competencies which are subject matter knowledge (SMK), pedagogical knowledge
(PK) and pedagogical content knowledge.

For instance, after constructivist learning theories came into agenda of SE, what
could be competencies of constructivist science teachers have been discussed.
Nezvalova (2007) reported constructivist science teachers’ competencies in eight
dimensions as follows:

1. Understanding science content (scientific concepts, theories).

2. Understanding nature of science.

3. Understanding inquiry based research.
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4. Having general skills for science teaching.

5. Implementing effective and coherent curriculum.

6. Using multiple assessment techniques.

7. Safety and welfare (providing safe environment and respecting for all living
things).

8. Professional development.

These competencies reported by (Nezvalova, 2007) especially focused on the main
competencies to be a good science teacher.

Furthermore, standards for SE have been provided in the USA, and they described
a comprehensive, clear and consistent science content, essential components of SE,
teaching practices and assessment (Bybee, 2014). To illustrate, National Science
Teacher Association (NSTA, 2012) determined pre-service science teachers’
standards. Similar to Nezvalova (2007)’s competencies report, NSTA (2012)
reported the main competencies to be an effective science teacher. These standards
included components like content knowledge of science, content pedagogy,
providing learning environment that is appropriate for science learning, providing
safety and welfare, revealing the impact on student learning (demonstrating that
scientific knowledge is gained correctly) and also professional development and
skills. As Kauertz, Neumann and Haertig (2012) criticized that teacher
competencies mostly consist of cognitive aspects. The competencies revealed from
the above mentioned reports also included cognitive aspects rather than affective
aspects. So far, the report of Nezvalova (2007) and NSTA (2012) have not
incorporated any competencies related to ESD and also systems thinking as one of
the ESD competencies. Furthermore, as mentioned in the previous sections, NRC
(2012) developed a new framework for SE. This framework included new visions
for SE, which mainly focused on science and engineering practices, cross-cutting
concepts that connect the study of science and engineering and core ideas in four
disciplines (physical sciences, life sciences, Earth and space science, engineering,
technology and applications of science). This new framework also implied changes
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in science teacher education. It is implied that there should be a reform in science
teacher education based on this new framework. It is suggested that teachers should
integrate science and engineering practices, and they should develop an integrated

approach to curriculum, instruction and assessment (Bybee, 2014).

In addition to above mentioned basic competencies for science teachers which are
related to subject matter knowledge, pedagogical methods, implementing
curriculum and assessment, Bybee (2014) suggested personal qualities as an
essential competency for science teachers. The author emphasized personal
qualities as personal relations with students and willingness to teach science. In
addition to cognitive aspects, he emphasized that science teachers should have

several affective competencies as well.

In accordance with the reforms in SE which focus on technology and engineering
practices, it is strongly suggested that pre-service science teachers’ requirements
and competencies should be prepared based on the reforms in SE. Systems thinking
has been only described in engineering context instead of expressing systems

thinking as a competency that is critical in SE and ESD.

In Turkey, context MoNE introduced a report about competencies of teachers in
2008, and science teachers’ competencies were presented in the same year. In the
report, Turkish science teachers’ required competencies were determined in the five
main themes which are planning and organizing of learning and teaching process,
scientific, technological and social development, monitoring and evaluating
development of students, the cooperation between school, society and family and

professional development.

In particular, MoNE (2008) introduced basic competencies for Turkish science
teachers, and these competencies have lack of ESD competencies including systems

thinking.
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In the literature, there is a lack of empirical studies related to competencies of
science teachers. A few studies focused on designing a sustainability education
course for teachers in order to develop sustainability literacy (including systems
thinking) of pre-service teachers, For instance, Foley et al. (2015) designed a
sustainability science course for pre-service teachers. They built the course on the
new SE framework developed by (NRC, 2012), and they broadened the perspective
of the course, and they aimed to develop pre-service teachers’ sustainability literacy
through the course. Furthermore, they developed a sustainability education
framework for this course. This framework included four sustainability
competencies which are futures thinking, values thinking, systems thinking and
strategic thinking. Through the course the authors assessed pre-service teachers’
sustainability understanding and they concluded that pre-service teachers were able
to understand the complex, multifaceted nature of sustainability after the course
better.

In the literature, it is addressed that SE should be in cooperation with ESD, and it
should encourage individuals to develop their STS. Required competencies for
science teachers lack of sustainability and systems thinking perspectives. Therefore,
there is a need to develop pre-service science teachers’ systems thinking which has

been accepted as a critical skill for ESD and SE.

2.5 The Critical Skill for ESD and SE: Systems Thinking

Systems thinking is seen as a critical skill for ESD since ESD holds an integrated
and holistic approach. In SE context, from the past decades to today, paradigm shifts
occurred in science from mechanistic view of life towards holistic view of life or
from seeing the world as a machine to seeing the world as a living system including
networks, relationships (Capra, 2002). This paradigm shifts influenced SE as well.
Several reforms occurred in SE and systems thinking came into agenda of SE
researchers. This part of the literature review focused on systems thinking
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approaches, systems thinking measurement tools both in SE and ESD context and
implementation of ESD for developing systems thinking skills.

2.5.1 Systems Thinking in Education

Systems thinking was revealed as a reaction to reductionist or linear thinking which
assumed that a whole system could be understood through analysis of its parts
(Remington-Doucette et al., 2013). Senge (2006) defined systems thinking as a
discipline for understanding the whole system, as a framework for recognizing the
relationships in the system and as a set of principles and techniques to see the
interrelationships. Furthermore, several philosophers and researchers (e.g., Capra,
1996; Sterling, 2003; Tilbury & Cooke, 2005) expressed systems thinking as a
framework that is related to seeing the big picture, understanding complex systems

and relationships.

Hogan and Weathers (2003) pointed out that students should be educated as systems
thinkers in order to be effective problem solvers and decision makers in this century.
They defined systems thinker as an individual who could understand the complex
systems, see the multiple cause and effect relationships in the system, see possible
side effects of the problems and consider long term consequences. Moreover, in
their analysis, they identified two components of systems thinking in ecology
context. One is related to cognitive components of systems thinking in ecology.
These cognitive components included items such as basic knowledge related to
system, perception about the systems, motivation for understanding systems and
collaboration skills. Secondly, they described contextual components of systems
thinking in ecology. Contextual components, on the other hand, included items like
interactions between social and cultural contexts, personal relations etc. Thus, the

authors created an expanded definition of systems thinking in ecology field.

Kali, Orion and Eylon (2003) also stated that systems thinking includes two

components which are scientific knowledge and cognitive ability. They also noted
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that even when the students take the same amount of knowledge, their level of
understandings of the systems and relationships could be different since they hold
inherent ability that affects their understanding. According to other researchers
(e.g., Booth-Sweenety & Sterman, 2000; Draper, 1993), systems thinking consists
of cognitive abilities such as thinking in dynamic process, understanding the
dynamic complexity, recognizing non-linearity in the system or understanding the
stock and flow relationships. Generally, researchers studied understanding of the
systems in engineering context. Yet, in SE context, Assaraf and Orion (2005;
2010a, 2010b) studied STS in Earth systems science area. They emphasized that
studying Earth systems help students understand natural cycles like water cycle,
carbon cycle, energy cycles, interactions among these cycles and their impact on
people’s lives. The authors developed their own systems thinking hierarchical
model and determined eight emergent characteristics of systems thinking in the
Earth systems context (Table 2.1). Similar to previous researchers, the authors

emphasized cognitive components of systems thinking skills in SE.

Capra (2005, p.20) as a system theorist defined systems thinking as a network of
relationships. According to him, living systems are not linear; instead, they include
networks and relationships. Therefore, understanding of the world requires a new
way of thinking. He described systems thinking in relation to six shifts of
perceptions as displayed in Table 2.1. Capra (2005) also emphasized that systems
thinking could be integrated into all academic fields like biology, economy or
anthropology since all these fields deal with living systems. Moreover, he pointed
out that creating a sustainable society systems thinking perceptions is important,
and they should be taught to the students in the schools.

As mentioned in the previous section, in ESD context systems thinking has been
accepted a key competency as well (e.g., Sleurs, 2008; Sterling, 2003; UNECE,
2011; Wiek, 2011). For instance, according to Sleurs (2008) systems thinking in
ESD context is related to changing perspectives, building empathy with people and

systemic view of the world.
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Nolet (2009), for instance, identified systems thinking as one of the themes of
sustainability literacy. According to the author, systems thinking does not only refer
to relationships among species, but also connection among social, economic and

ecological systems.

Sterling et al. (2005), on the other hand, used linking thinking that has the same
meaning with systems thinking. Sterling (2005) mentioned that linking thinking or
systems thinking refers to thinking out of the box and understanding relationships
among things, events, and Sterling et al. (2005) developed a number of learning and
teaching activities related to systems thinking titled as linking thinking activities.
For instance, in an example, the question of “How do you see a tree?”” was asked.
Through this question, the authors emphasized that people hold different views,
values and beliefs; therefore, they could see a tree from different perspectives such
as a source of food or a source of beauty. People’s perspectives influence how they
interpret the world (Sterling et al., 2005).

Similarly, in the literature, integral ecology approach also deals with multiple
perspectives about understanding the environmental systems. Integral ecology was
adapted from Ken Wilber’s integral theory (Hargens, 2005). According to Hargens
(2005), there is a need to develop our individual consciousness to overcome
ecological crisis in the world; therefore, integral ecology emphasizes the link
among self (subjectivity), culture (intersubjectivity) and nature (objectivity). That
is, integral ecology presents a comprehensive approach to environmental issues.
Hargens (2005) notes that this new framework could be integrated to many fields
like outdoor schools, urban planning, policy development etc. For this reason, the
researcher of this thesis included integral ecology as a component of systems
thinking since integral ecology holds a similar perspective with systems thinking.

Table 2.1 presents sample systems thinking frameworks in SE and ESD literature.

Indeed, as displayed in Table 2.1, several authors identify different approaches and
definitions of systems thinking. Yet, the common point is that systems thinking is
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defined as a higher order skill. That is to say, systems thinking is not considered as
a single skill; instead, it is a combination of other skills or a set of competencies
(Assaraf & Orion, 2005; Chandi, 2008).

More recently, systems thinking has attracted the attention of the researchers in
education, especially in SE and ESD, and it has been studied in education from
elementary level to university level (Lyons, 2014). Hogan and Weathers (2003)
suggested that systems thinking skills should be developed in the schools. In SE,
for instance, there are a variety of studies in order to develop students’
understandings of complex systems, nature of the world and cyclic mechanisms in
the Earth (e.g., Assaraf & Orion, 2005; Assaraf & Orion, 2010; Kali et al., 2003;
Shepardson, Roychoudhury, Hirsch, Niyogi & Top, 2014). Moreover, in ESD
context, various studies have focused on developing systems thinking skills (e.g.,
Connel et al., 2012; Sandri, 2013; Remington-Doucette et al., 2013; Wiek, et al.,
2011). As mentioned earlier, today’s problems are more complex and need multiple
solutions. Today’s solutions could be tomorrow’s problems; therefore, students
should be equipped with the skills about how to solve the complex problems
(Chandi, 2008). SE, for instance, could help students understand complexity of the
systems (Assaraf & Orion, 2010). For this reason, individuals’ thinking abilities
need to be changed. In order to develop students’ STS, first, teachers should hold
these skills. There are a variety of studies to develop and evaluate STS. The topic
of the next section presents these approaches to develop and measure STS in SE
and ESD context.
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Table 2.1

Systems Thinking Literature in SE and ESD context

The authors

Systems Thinking Definitions/ Frameworks

Assaraf &
Orion (2005,
2010 a,b)

Capra (2005)

Sleurs (2008)

The authors determined eight emergent systems thinking characteristics in the Earth science context;
. The ability to identify components of a system and processes

. The ability to identify relationships among systems’ components

. The ability to identify systems’ components and processes within a framework of relationships

. The ability to make generalizations

. The ability to identify dynamic relationships within the system

. Understanding hidden dimensions of the system

. The ability to understand cyclic nature of the systems

. Thinking temporally: Retrospection and prediction.

CO~NO O W

Capra (2005) identified six shift of perceptions related to systems thinking

1. From the parts to the whole; living systems constitute integrated systems, and they cannot be reduced to small parts.
2. From objects to relationships: An ecosystem does not mean a collection of species. It constitutes a community, set of
relationships and networks.

3. From objective knowledge to contextual knowledge: Contextual knowledge is related to explaining the things in their
contexts or in their environments.

4.From quantity to quality: Understanding that relationships cannot be measured, and they cannot be put on a scale
5.From structure to process: Understanding that systems always evolve, and they are in a change and transformation

6. From contents to patterns: Focusing on the patterns in a living system instead of content of the system.

Systems thinking as a key competency for ESD educators;

e Systems thinking helps individuals understand how to act in a sustainable way. It combines knowledge with wider
context. Furthermore, systems thinking is related to values and ethic and help individuals change perspectives and
build empathy with other people. Developing a systemic perspective helps individuals feel to be a part of the
system.




Ly

Table 2.1 (Continued)

The authors

Systems Thinking Definitions/ Frameworks

UNECE (2011)

Nolet (2009)

Sterling et al.
(2005)

Integral Ecology
(Hargens, 2005)

Systems thinking refers to integrative approach:

e Developing an understanding of how today’s actions influence tomorrow’s choices
Including perspectives related to social, economic and environmental systems
Exploring different cultures and worldviews as a valuable tool

Creating connection among people both locally and globally

Systems thinking as one of the themes of sustainability literacy:

e Systems thinking not only refers to relationships in nature but also relationships among social, economic and
ecological systems

e Understanding that social, economic and ecological systems are interconnected, and they have cyclical
patterns.

Linking thinking or Systems thinking:
Thinking out of the box, thinking like a web
Understanding relationships, patterns among the things and events

Integral Ecology:

¢ Multidimensional thinking

e Looking at the issues from holistic perspective

e Understanding connection among self, culture and nature. Furthermore, integral ecology holds four
dimensions which are experience, behavioral, cultural and systems.




2.5.2 Measuring and Developing Systems Thinking Skills

Systems thinking has been suggested as one of the goals of education to be fostered
(Hogan & Weathers, 2003). In the last few years, systems thinking has emerged as
a critical skill in SE (Assaraf & Orion, 2010; Batzri et al., 2015; NRC, 2012), as a
component of sustainability literacy (Nolet, 2009) and as a required competency to
be an ESD educator (e.g., UNECE, 2011). The important point is how to develop
and measure STS.

Brandstadter et al. (2012) noted that there is a need to develop appropriate systems
thinking measurement tools in educational studies. In the literature, various
instruments such as interviews, classroom discussions, written samples or case
study analysis and concept maps have been developed and applied in order to assess
STS (e.g., Assaraf & Orion, 2010; Brandstadter et al., 2012; Connel, et al., 2012).

For instance, Assaraf and Orion (2005; 2010) evaluated systems thinking skills
based on the eight emergent characteristics explained as presented in Table 2.1. In
a study, Assaraf and Orion (2005) investigated high school students’ development
of STS in the Earth system science context. They developed a multidisciplinary
learning environment for high school students, and they included both indoor and
outdoor activities. They used various kinds of instruments including questionnaires,
drawing analysis, word association, concept maps, interviews, factory and hidden
dimension inventory, repertory grid and observations. These instruments have been
utilized to measure STS especially in the water cycle context. They conducted the
pilot study in order to find out whether data collection tools could identify specific
STS. For example, the authors developed three Likert type questionnaires to
identify students’ understanding of dynamic nature of groundwater system, cycling

nature of the hydrosphere and components of water cycle. In addition to interviews,
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the authors wanted students to draw the water cycle in order to explore components
of the system, relationships, the human aspect and the cycling perception of water
cycle. They also used interviews for data collection and interviews provided to
evaluate students’ conceptual change during the learning process. In addition to
interviews, concept maps allowed the researchers to explore how students show
relationships among the components. They evaluated concept maps based on the
number of concepts, relationships and cycles. In the factory inventory, the authors
used factory assignment interviews which were related to deciding whether to build
a factory or not. This task was found difficult by the participants, and the authors
decided that prediction and retrospection (temporary thinking) could be the most
difficult characteristics of systems thinking. The results revealed that students
displayed a meaningful development in STS, and they reached to highest level of

STS in the water cycle context.

In a further study, Assaraf and Orion (2010a) investigated four students’ (four
cases) STS development for six years. They again examined systems thinking
perceptions in the water cycle context. They collected systems thinking
characteristics in three levels as analysis of system components, synthesis of system
components and implementation, and they arranged these characteristics in a
hierarchical pyramid model. The authors used a series of data collection tools which
are observations, interviews, concept maps, drawings etc. These tools measured
specific STS. For example, they used a cycling thinking questionnaire to reveal
students’ understanding of the cyclic nature of the Earth systems. They conducted
interviews at the beginning, in the middle and at the end of the learning process.
Interviews were used to get in the deep information. They asked questions related
to students’ drawings in the interviews such as explaining the components of the
water system. The authors concluded that the results supported their claim of the
hierarchical structure of the STS as students first achieved lower thinking skill, and

then they reached to higher level thinking skills. Moreover, each student showed
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different level of development, but they developed their systems mental models

over time.

Interviews have been used as a major tool to measure STS in education literature.
In general, researchers used interviews along with questionnaires, drawings or
concept maps to get detailed information. For instance, in a recent study conducted
by Batzri et al. (2015), data were collected both quantitatively and qualitatively.
The authors measured two systems thinking characteristics- dynamic thinking and
cycling thinking of undergraduate students who took geology and Earth system
courses. First, they conducted quantitative part of the study, and they collected data
through an Earth system questionnaire, and secondly, they asked students to explain
their answers in the questionnaire. Thus, through interviews the authors aimed to
identify how students express their dynamic and cycling thinking. The results of the
study revealed that geology students showed higher level dynamic thinking and
cyclic thinking after the course. The authors suggested that developing STS of
undergraduate students in all fields like economy, natural science, and social
science 1s critical in order to understand the Earth’s complex system. In addition,
teaching students Earth science helps them understand components of the system,
interactions, cycles, patterns and hidden dimensions (Batzri et al., 2015; Hmelo-
Silver & Azevedo, 2006).

In another study implemented by Chandi, Reid, Mcwilliam and Gray (2009) was
related to investigating university students’ opinions about a system based model
and its use in learning and teaching biology. The researchers developed a model in
order to help students to understand the whole system, components and connections
in the system based on the transportation context. They used the elements of
systems thinking which are the levels, the whole, the parts and the links in the
model. Implicitly, the researchers aimed to develop systems thinking skills of

university students. They collected data both qualitatively and quantitatively. First,
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they used a self-administered questionnaire to get students’ opinions of the systems
model. Later, they asked students to discuss and express their opinions about the
usefulness of the systems-based model for understanding transportation of the corn
seed. According to results of the study, the systems based model helped students
understand biological systems in a comprehensive way. The authors suggested that
this model has potential in biology education context in order to prevent fragmented

learning while teaching complex systems.

Again in biology education, Hmelo-Silver et al. (2007) conducted research
examining understandings of novices (pre-service teachers and middle school
students) and experts (biologists and hobbyists) in the context of two complex
systems- human respiratory system and an aquarium ecosystem. They focused on
differences between novices and experts in understanding of the two complex
systems. The researchers collected data through drawings and interviews related to
human respiratory system and aquatic ecosystem. In particular, they asked
participants to draw anything they think in an aquarium and parts of human body
involved in breathing. Later, interviews including open ended questions and
problems were conducted to reveal participants’ knowledge. The researchers
analyzed data based on structure behavior function model which is related to
understanding complex biological systems. The results of the study revealed that
understanding structures are easier than functions or behaviors for novices. On the
other hand, the researchers found differences in terms of different kinds of experts’
representations of complex systems. Particularly, the results revealed that pre-
service teachers and middle school students showed similar mental models in
understanding of complex systems. The researchers claimed that teachers hold
limited understanding of complex systems since they have not taken part in any
significant science instruction for understanding complex systems in their college
education. As teachers have limited understanding of complex systems, they have

difficulty to teach these systems to their students. Therefore, researchers suggested
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that just like students, pre-service teachers also need to learn about complex systems
in their education.

In another study conducted by Dutton-Lee (2015), interviews and questionnaires
were used to measure STS. Dutton-Lee (2015) conducted a dissertation study for
exploring science teachers’ STS. She focused on elementary in-service and pre-
service science teachers’ understandings of complex systems and their knowledge
of systems thinking in water cycle context. The researcher used the components of
systems thinking which are hidden dimensions, understanding the
relationships/interactions are and identifying components and processes. Data were
collected through questionnaires and semi-structured interviews. In order to analyze
data the researcher developed systems thinking rubric including levels from novice
(0) to intermediate (4). The results revealed that both in-service and pre-service
science teachers experienced difficulties in developing several aspects of systems
thinking which are identifying components and processes, identifying multiple
relationships and hidden dimensions of the system and recognizing the human
impact on the system. Teachers’ skills have been found in the novice and
recognition level in terms of identifying components and process of the water cycle.
Furthermore, teachers could not identify multiple interactions among the
atmosphere, biosphere, geosphere and hydrosphere. That is to say, in-service and
pre-service science teachers struggled to recognize multiple relationships in the
complex systems, and this indicates that teachers lack systems thinking. Moreover,
the researcher explored that teachers could not identify invisible components of the
system (hidden dimensions) and they showed lack of understanding of human
impact on the complex systems (e.g., water cycle). For instance, teachers struggled
to explain the impacts of global warming and population growth on the water cycle.
As a result, Dutton-Lee (2015) suggested that teachers need to have STS and learn
how to teach these skills to their students. Therefore, teachers need effective

pedagogical approaches to learn and teach systems thinking (Dutton-Lee, 2015).
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Maxwell (2009) on the other hand, studied on science-sustainability relationships
and systems thinking. The researcher noted that in order to use sustainability
contexts for teaching science, there is a clear need to have systems thinking in
education. For this reason, the researcher developed a learning resource based on
the science-sustainability relationship and examined the results of the
implementation of this learning resource on students and science teachers’
resilience and decision making. The researcher developed a project named “Take-
Make-Waste” consisting of 21 lessons. Students found an opportunity to explore
different views, values, and traditions, local and global use to make decisions in
three steps: “Take, Make and Waste” (p. 230). This learning resource was
developed based on systems thinking, particularly addressing the human-nature
relationship and the science and sustainability relationship. The researcher collected
data through pre-test, post-tests and interviews. The results revealed that teachers
expressed there is a need to clarify the intent of sustainability education and the

ways for integrating sustainability into their courses.

Concept map is another tool frequently used for measuring STS. Sommer and
Lucken (2010) suggested that concept mapping could be a useful tool to evaluate
STS. Concept mapping has been used in a number of studies in SE (e.g.,
Brandstadter et al., 2012; Raved & Yarden, 2014; Tripto, Assaraf & Amit, 2013).

For instance, Raved and Yarden (2014) studied 7"" grade students’ STS in the
context of human circulatory system. They developed learning activities based on
the systems model in order to develop STS of students. Later, they asked students
to create components and processes in the human circulatory system and draw a
concept map by connecting the components and processes. The authors evaluated
students’ concept maps based on their model including four components of systems
thinking development which are “The ability to identify components in the system”,
“The ability to identify simple relationships between the system components”,* “The

ability to identify dynamic relationships between the system components”, “The

53



ability to organize the system’s components in a framework of interactions” (p. 6).
The authors analyzed concept maps according to number of components, dynamic
relationships and interactions. They concluded that there was an improvement in
the skills of identifying components and simple relationships in human circulatory

system.

A recent study about using concept mapping to measure systems thinking was
employed by Tripto, Assaraf and Amit (2013). They examined the effectiveness of
concept mapping to reveal a detailed picture of STS of high school students. They
tested the effectiveness of concept mapping in the context of the human body
system. They explored students’ difficulties of understanding the human body
system in their concept map drawings. The results showed that concept maps were
powerful tools to describe the first two levels of systems thinking (analysis and
synthesis), but they were not useful to reveal the highest levels of skills (students’
understanding of patterns and thinking temporary). It is understood that concept

maps could be useful to assess lower level of thinking skills.

In another study, Safayani, Derbentsava and Canas (2005) noted that cycling
concept maps could be useful tools to determine functional and dynamic
relationships among the concepts. The authors claimed that showing both static and
dynamic relationships in one concept map could be more powerful to represent a
system. Cycling concept maps could show interdependencies or how a system
works. Furthermore, understanding dynamic relationships and cycling nature of the
system are characteristics of STS suggested by Assaraf and Orion (2005). Assaraf
and Orion (2005) note that Earth system science includes the approaches related to
cycling system in the world (interactions among biogeochemical cycles-geosphere,
hydrosphere, biosphere and atmosphere). Moreover, people are part of nature and
they should act in harmony based on the laws of cycling system (Orion & Ault,

2007 as cited in Assaraf & Orion, 2010a). In the biological systems, cycling
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representations are crucial because biological systems work in cycles (Bertalanffy,
1972 (as cited in Safayani et al., 2005). Therefore, cycling maps are important since
they represent dynamic functional relationships among the concepts in a system and
enable students to indicate how components of a system work together (Safayani,
et al., 2005). Cycling relationships constitute the basis of systems thinking. An
example model of cycling maps adapted from Safarani et al (2005) was presented

in figure 2.1.

Figure 2.3 Cycling map of interrelationships among C1, C2,
C3 (Safarani et al., 2005)

Assaraf and Orion (2005) also encouraged their students to draw non-hierarchical
maps in order to reveal complex relationships among the concepts since the
complexity of the systems could not be indicated in hierarchical maps.

As understood from the literature, the nature of systems thinking is based on the
dynamic, complex relationships and cycling relationships in a system; therefore,
cycling concept maps could be a useful tool to demonstrate the components and

complex relationships in a system.
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In addition to interviews and concept maps, written samples, essay or case studies
are other tools mostly used to measure STS. In higher education, written samples
or case studies and using rubrics are seen as the most feasible approaches to assess
STS (Wang & Wang, 2011; Zulauf, 2007).

For example, Shepardson, Roychoudhury, Hirsch, Niyogi and Top (2014)
investigated seventh grade students’ understanding of a complex system based on
systems thinking research. The researchers collected data through written responses
of students. They examined writings of the students related to their conceptions of
climate system. They used three written prompts to reveal students’ responses such
as asking students how climate is influenced by the components of a climate system.
The authors adapted systems thinking framework of Assaraf and Orion (2005) to
climate system. The results revealed that students could not recognize multiple
relationships among the components of the climate system and they identified a
climate system based on linear cause-effect relationships. For instance, students
struggled to make connections between atmosphere and other components of the
climate system. The researchers suggested that science and climate educators
should educate teachers to develop a systemic understanding of the climate system

and prepare teachers to teach their students the climate system.

Case studies have been used especially in ESD context. The aim of the case studies
is to develop students’ problem solving skills through engaging them in real world
challenges. Thus, students could understand other people’s perspectives and
interests (building empathy) (Remington-Doucette et al., 2013). Moreover, case
studies help individuals to cope with wicked sustainability problems by realizing
that solution also depends on other people’s values, perspectives, beliefs

(Skarbuskis, 2008). Case studies also have been used as a tool to measure STS.
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For instance, Connell et al. (2012) measured STS of the undergraduate students
through case studies (pre and post intervention). These case studies given to
students were related to several sustainability challenges of industrial firms. For
each case study, students were asked several questions related to case such as
identifying possible environmental, social and economic dimensions or identifying
challenges among these dimensions. The authors also developed a rubric in order
to analyze students’ responses in the case study analysis. The rubric included two
components which are holistic thinking and conflict resolution and a scale from 0
(no skill) to five (exceptional skill) in order to evaluate the quality level of students’
responses in the case study. Results revealed that students who attended in an
intervention including a holistic and integrated approach developed their systems
thinking skills. After the intervention, students were able to think sustainability
issues from multiple perspectives. Therefore, the authors suggested that there is a
need to integrate systems thinking into a course or whole curriculum to foster STS

of the students.

A similar study conducted by Remington-Doucette et al. (2013) aimed to measure
key competencies (including systems thinking) of undergraduate students before
and after a sustainability course. Students from different majors like economy,
sociology and landscape architecture took part in the course, and they learnt about
the functions of the complex systems in the course and how to become sustainability
problem solvers. Researchers collected data at the beginning and at end of the
semester through two case studies focused on typical sustainability challenges. The
authors specifically measured several elements of systems thinking: students’
ability to analyze complex systems in terms of sustainability aspects (social,
economic and environmental) and ability to identify values behind individuals’

actions.
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Furthermore, in order to analyze case studies, researchers utilized the rubric that
they had developed before. The results of the study indicated that the sustainability
course contributed to development of students’ STS, particularly their ability to
think holistically about sustainability issues. However, students struggled to

identify conflicts and propose solutions to solve these sustainability conflicts.

As mentioned above, rubrics have been frequently used to evaluate STS levels of
the individuals. For instance, Hung (2008) administered a study with graduate
students and collected data both qualitatively and quantitatively. Students attended
a seminar class related to systems thinking, and pre-test and post-test have been
used to measure STS of students. The author developed a set of rubrics in order to
evaluate students’ systems thinking development process. In particular, several
cognitive characteristics of systems thinking have been measured in the study such
as identification of crucial variables, interconnectivity and cause-effect relations.
Based on the results of the study, after one semester systems thinking course,
students developed their skills. Particularly, students used several systems thinking
items such as interrelationships, interconnections, and wholeness in their
explanations. The authors suggested that in order to improve systems thinking
practice of the students, it is necessary to conduct an instruction about systems

thinking.

The understandings generated from the brief literature review of systems thinking
skills display that systems thinking has been studied in a variety of contexts such as
Earth system science, biology, geology, ecology and sustainability and in a variety
of education levels from elementary to university level. A series of measurement
tools have been used to assess STS. Researchers utilized from both qualitative and
quantitative data collection methods. Especially, qualitative data collection tools
like interviews, concept maps, and written samples (essays) or case studies have

been preferred by the researchers in order to get enriched data about STS of the
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students. In general, systems thinking have been evaluated in a specific context and
through specific courses (e.g., sustainability course, biology course). Furthermore,
researchers developed tools to measure specific STS, and they usually developed a
structured rubric to evaluate the skills (e.g., Connel et al., 2012; Hung, 2008;
Remington-Doucette et al., 2013). In SE context, researchers especially focused on
students’ understandings of the complex systems, identifying components, hidden
dimensions and interactions in a system. They mostly studied STS in Earth science,
climate science, and geology and biology contexts. Inthe ESD context, researchers
focused on how students could identify aspects of sustainability and analyze
sustainability conflicts, and they usually utilized case studies to evaluate students’

STS.

2.5.3 Implementation of ESD for Developing Systems Thinking Skills

This thesis focuses on the argument that ESD has an integrated and holistic
approach, and cooperation between ESD and SE could be effective to develop STS
of PSTs. In particular, outdoor ESD model has been suggested to foster STS of

PSTs to become an ESD educator.

In general, today, there are still not enough efforts for reorienting teacher education
for sustainability. Mckeown (2012) points out that ESD is not a part of initial
teacher education programs and teachers’ professional development. Wals (2009)
reported that although there is an increase in ESD tools and materials, there is still
lack of study to implement ESD. Similarly, Nazir, Pedretti, Wallace, Montemurro
and Inwood (2011) note that there is a gap between research, policy and practices
for ESD despite many efforts have been spent through the years. Therefore, in the
final report of DESD (UNESCO, 2014), it is noted that more work is necessary to
transform teacher education in terms of ESD learning and teaching methods.
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What kinds of learning and teaching methods are necessary for ESD? Littledyke
and Manolas (2010) argued about pedagogies for ESD, and they pointed out that
these pedagogies should be related to real life experiences. For this reason, as
Mckeown (2012) suggested, today’s pedagogies related to ESD should be more
participatory and action-oriented in order to engage learners with sustainability
solutions and cooperative working in the community (Mckeown, 2012). Moreover,
Sterling (2004) argued that sustainability is not an issue to be integrated into
curriculum; instead, it is related to a different view of curriculum and pedagogy.
That is, Sterling (2004) emphasized a transformative, integrative and systems

thinking approach for sustainability education in higher education.

In the literature, there are several attempts to incorporate SE and ESD in order to
develop competencies of science teachers (including systems thinking). More
specifically, researchers emphasized different aspects of systems thinking such as
identifying aspects of sustainability and relationships among them, identifying
elements of natural system or developing sense of place in their studies, and they

used different learning and teaching methods for ESD.

For instance, Foley et al. (2015) designed a sustainability science course to foster
sustainability literacy of pre-service science teachers. They used online sources,
digital story telling activities to teach sustainability topics. The authors integrated a
framework including four ways of thinking which 1 are ”Future Thinking”, ”Values
Thinking”, ”Systems Thinking” and ”Strategic Thinking”. They specifically
measured pre-service teachers’ definitions of sustainability through a questionnaire
and using concept maps. The authors concluded that pre-service teachers developed
their sustainability definitions from simple to more complex level through the
course. Furthermore, at the end of the course, pre-service teachers realized their

responsibility to achieve a sustainable future (Foley et al., 2015).
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In another study conducted by Burmeister and Eilks (2012), both students and
teachers developed their higher order cognitive skills, and they started to think
about their personal decisions for sustainability. Burmeister and Eilks (2012)
focused on implementation of ESD in chemistry education. They asked open ended
questions related to implementation of lesson plans. As a result, both students and
teachers described lessons plans as highly motivating and helped students learn
sustainability topics and be more critical about the use of chemical products in their
life.

Similarly, another study related to implementation of ESD was conducted in
chemistry education by Karpudewan, Ismail and Mohamed (2008). The researchers
investigated the impact of laboratory-based green chemistry course on student
teachers’ (in science education program) understandings of sustainablity concepts.
The researchers collected data through questionnaires and interviews. The results
revealed that green chemistry course developed students’ understandings of
sustainability concepts and also their communication, problem solving and
decisions making skills. Furthermore, student teachers learnt about the relationships
among social, environmental and economic aspects. They also started to realize
their responsibility for preserving the local and global environment and the whole
ecosystem. Ultimately, this course influenced student teachers’ behaviors to create

a sustainable lifestyle.

Another study conducted by Wyner (2015) focused on the development of pre-
service and in-service science teachers’ understandings of systemic connections
among ecological, economic and social aspects of sustainability during an
environmental science course. The author designed the course based on two themes
which were Aldo Leopold’s Land Ethic and the Ecology Disrupted Model. The aim
of the course was to teach students to explore how they are part of an ecological

(land) community. The course consisted of case studies including social, economic
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and ecological aspects of sustainability. In particular, ecology disrupted model
helped students see hidden dimensions and human impact on the ecosystems. The
results revealed that the course helped pre-service and in-service teachers explore
connections among social, economic aspects of sustainability and their connections

with the ecological community.

In accordance with ESD, implementations outdoor education is also described as
an important learning and teaching method. For a long time, researchers around the
world have been calling for the importance of human-nature relationship, place,
social justice and ecological perspectives in outdoor education (Hill, 2012). Beames
et al. (2012) note that outdoor education could develop a broad understanding to
create a sustainable future and provide a rich learning environment to understand
complex systems and relationships among them. For example, the relationships
between plants and animals, flow of energy and cycling of nutrients and human
impact on these systems could be understood well through outdoor education
(Beames et al., 2012). Furthermore, Assaraf and Orion (2005) emphasized that
while studying a natural phenomenon, outdoor education should be integrated into
curriculum as much as possible. Outdoor education has been also found as effective
to develop STS of the individuals (Assaraf & Orion, 2005, 2010b).

Several studies focused on outdoor education in ESD and SE context. For instance,
Garner, Siol, Huwer, Hempelmann and Eilks (2014) developed innovative practices
for ESD in chemistry education, and they put out-of-school visits at the center of
their study. They implemented modules incorporating formal and non-formal
learning environments to teach sustainability issues. They collected feedbacks from
both students and teachers related to modules. According to results, both teachers
and students’ feedback related to course were positive. Teachers expressed that out-
of-school visits increased students’ motivation and interest towards green

chemistry.
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In an ESD context, Hill (2012) developed a pedagogical approach towards outdoor
education by incorporating sustainability issues and practices. The author presented
a sustainability-focused outdoor education model and conducted research with a
group of teachers. Teachers transformed their outdoor education programs through
integrating sustainability concepts and principles. The author conducted interviews
with teachers to evaluate their programs. The results revealed that a small group of
teachers expressed several changes related to sustainability and outdoor education.
These changes were related to philosophy, values, programming, teaching and
learning strategies. Hill (2012) reported that teachers developed their sustainability
understanding and action competence (taking action for sustainability) through

outdoor education.

Another study related to outdoor based ESD was conducted by Carney (2011). The
author investigated pre-service and in-service teachers’ knowledge, skills and
dispositions related to sustainability through a field study- working in a garden.
Furthermore, he explored to what extent pre-service and in-service teachers
integrate sustainability principles into their teaching practices. The researcher
collected data by means of online survey, focus group, semi-structured interviews,
and observation of teacher workshops and analysis of teacher work samples.
Results of the study revealed that teachers expressed their willingness to teach
sustainability principles in their classes. Two teachers were able to integrate
sustainability into their classes. One of the teachers incorporated garden work into
science class and aimed to develop skills of identifying components of a system and
interactions among them which are related to systems thinking. Carney (2011)
noted that although in-service and pre-service teachers find it important to teach
sustainability, they expressed that there are several barriers to incorporate

sustainability into the curriculum. Therefore, the authors implied that there is a need
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to explore more approaches for professional development of teachers to teach

sustainability.

In a further study, O’Brien, Sparrow, Morales and Clayborn (2015) investigated the
effectiveness of a sustainability-focused science method course on pre-service
teachers’ science teaching self-efficacy. The authors redesigned science methods
course based on the sustainability literacy themes of Nolet (2009) and Cloud
Institute Education for Sustainability Standards. Two frameworks included systems
thinking and interdependence themes, and these themes were also integrated into
the course. Place-based field trips were also included in the course. Data were
collected both qualitatively and quantitatively. The results revealed that the course
contributed to pre-service teachers’ development of their professional development
related to ESD.

Sense of place that was defined as a component of systems thinking in the current
study has been investigated by a number of researchers in ESD context. According
to Moseley, Desjean-Perrotta and Kharod (2015), attachment to a place is important
because individuals who feel connected to a place will probably care and protect
the place. Therefore, sense of place, which is a multidimensional and complex
concept, is important to grow environmentally responsible citizens (Moseley et al.,
2015). Moseley et al (2015) conducted a study of pre-service teachers’ definitions
of a sense of place. Pre-service teachers who enrolled in an undergraduate course,
called Science and Humanities, were the participants in the study. Qualitative data
were collected through written narratives and digital stories. Researchers analyzed
data according to Ardoin (2006)’s multidimensional sense of place framework
which included four dimensions-biophysical, psychological, political and
sociocultural. They discovered that pre-service teachers focused on three
dimensions in their definitions. These dimensions were biophysical, psychological

and sociocultural. The political dimension was not revealed in their definitions.

64



Furthermore, most of the participants did not express their connection to a place
from a natural perspective: instead, they described their connection to building
environments (e.g., church). In addition, they described a sense of place from more
psychological (individual) elements. Therefore, the researchers argued that sense of
place needs to be evaluated with the broader lens of ESD including multiple
dimensions. Furthermore, researchers suggested that teachers need to give
opportunities to their students to experience, explore and discover their local places.
Not only learning in local settings but also multidisciplinary knowledge about local
communities (cultural, political etc.) should be integrated into teacher education
programs (Moseley, et al., 2015).

In the literature, the authors focused on outdoor education in order to foster a sense
of place of individuals. Especially, researchers emphasized place-based outdoor
education. For instance, Semken and Freeman (2008) conducted research to
investigate the sense of place of students who participated in a place-based geology
course including field trips and cases in the geological and cultural context. They
collected data through questionnaires to look for changes in students’ place
meaning and place attachment. The results revealed that students developed their
sense of place in the course (their attachment to the place and rich meanings for the

place such as geologically and culturally).

In a further study, Semken, Freeman, Watts, Neakrase, Dial and Baker (2009)
examined factors that influence the sense of place of students through place-based
geoscience teaching. The data were collected from undergraduate students through
surveys. The results showed that visiting a place frequently (out of school visits)
positively influenced students’ emotional place attachment and production of

richness of meaning (sense of place).
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Recently, several researchers (e.g., Assaraf & Orion, 2005, 2010; Keynan et al.,
2014) asserted that systems thinking is a key outcome of outdoor education. For
instance, in a recent study, Keynan et al. (2014) investigated the influence of a
place-based outdoor learning on high school students’ systems thinking skills in
ecology context. They used repertory grid as a systems thinking measurement tool.
The results revealed that through the course, students developed their systems
thinking skills to high levels. The authors claimed that field trips contributed
especially to the development of temporary thinking (the relationship between
present and future) as a component of systems thinking. Furthermore, through field
trips, participants developed a more complex systemic understanding of the local

environments.

In the literature, it is understood that outdoor education in ESD could contribute to
developing STS of the individuals. The relationship between ESD and outdoor
education is described by Higgins and Kirk (2006) with the following statement
“Feeling water in the rain or sitting on a river in a canoe are opportunities for
students to discuss water cycle and make relationship with global climate change
or while students boil water by using a camp stone or fire, they can discuss the
storage and release of carbon from wood; and thus, global carbon balance including
environmental, social and economic dimensions” (p.321). This statement reveals
that outdoor education helps individuals make connection among the many

components of a natural system and thus, enhance students’ systems thinking.

Moreover, Lugg (2007) claims that through outdoor education, individuals develop
their connections with nature and their alternative worldviews for sustainable
living. As a result, outdoor education contributes to developing sustainability-

literate citizens.
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2.6 Lessons Learnt and Summary of the Literature Review

Today, we face wicked problems which are complex and including multiple
dimensions and unpredictable results. In the education literature, researchers argue
about how to cope with these wicked problems to create a sustainable future.

In the 21% century, many researchers questioned the role of SE. A number of
researchers note that the mission of SE should be to help students have a broad
worldview, be interested in social and global problems which are mostly related to
scientific issues, develop an integrated understanding of big ideas and a
fundamental shift towards systems thinking (e.g., Carter, 2008; Choi, et al., 2011,
Maxwell, 2009; Tytler, 2007).

Moreover, today ESD is seen as a visionary approach to help people understand the
natural systems, developing a wider perspective to deal with the complex problems
that threaten our future. For this reason, it is crucial to integrate ESD into SE. In the
recent literature, there have been many attempts to increase cooperation between
ESD and SE and to educate science teachers for sustainability. Nevertheless, it is
not enough to integrate sustainability into SE programs. We need competent science
teachers for ESD. In the light of the literature review, the central argument of this
study is how to educate science teachers as ESD educators. In order to find an
answer to this question, the researcher asserted that there is a need to develop STS
of PSTs and outdoor-based ESD course could be an effective model to develop
STS.

For this reason, the literature review started with the evolution of SE from the past
to present and the transformation related to interpretation of science and SE. The
literature continued to explore the history of ESD and the need for ESD in the
current times. In these sections, the link between ESD and SE has been examined,

and how systems thinking was recognized as a critical skill for both ESD and SE
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was mentioned. This section provided strong arguments why we need ESD type SE
in this century and why we need to develop STS of PSTs. Based on the arguments,
systems thinking has been put forward as a core competency to become an ESD
educator. The next section focused on developing and measuring STS in SE and
ESD contexts. As understood from the literature review a variety of measurement
tools (from interviews to concept maps) have been developed and these tools were
prepared based on the specific contexts such as biology, geology, Earth science,
ecology or sustainability and assessed specific systems thinking characteristics.
Furthermore, it is explored that sustainability-focused instructions helped
individuals foster STS. Moreover, the literature review indicated that systems
thinking in SE has more focused on understanding complex systems, revealing
components of the system, hidden dimensions and interactions in the systems. That
IS, these studies emphasized cognitive abilities related to systems thinking. Yet, in
ESD context, researchers addressed several STS such as building empathy with
people, considering values and ethic. In addition to cognitive abilities in ESD
context, affective components of systems thinking were included. Furthermore,
researchers frequently used case studies to evaluate STS of the individuals in ESD
context. The literature review continued to report implementation of ESD for
developing STS. In the literature, there is not sufficient research to investigate
methods of ESD for developing STS. Therefore, studies from different fields have
been also included. In addition to indoor activities for ESD, outdoor education, out
of school activities and place-based activities gained importance to develop STS
and other competencies related to ESD. In particular, more recent studies have
addressed that outdoor education could be helpful to foster STS of the students (e.g.,
Keynan et al., 2014)

In the literature, it is difficult to find specific studies on the context of SE, ESD and
systems thinking. There are separate studies related to systems thinking in SE,

systems thinking in ESD or the relationship between SE and ESD. However, there
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are strong arguments emphasizing that systems thinking is necessary today more
than ever in order to solve current complex problems, meet the demands for 21
century to build and maintain a sustainable sociey (e.g., Maxwell, 2009; Senge,
1990; Sleurs, 2008). Therefore, the current thesis could make an important
contribution to the SE, ESD and systems thinking literature. Figure 2.3 presents

the summary of the literature review.
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CHAPTER 3

METHODOLOGY

This thesis aimed to investigate how science teachers could become ESD educators.
The current chapter presents information related to research design, data collection

tools, data analysis, trustworthiness and limitations related to the study.

3.1 Theoretical Perspective

The thesis is based on the major paradigms that define the worldview of the
researcher and perspectives that structure and organize the qualitative research
(Denzin & Lincoln, 2005). Among the major paradigms (positivism, post
positivism, constructivism and participatory paradigms) reported by Denzin and
Lincoln (2005), the one accepted in the current study is constructivist paradigm.
Constructivism deals with multiple realities and their implications constructed by
the individuals. Accordingly, in the current study, researcher examined how
participants develop their STS in a course. In addition to the major paradigms,
however, there are other worldviews defined as mechanistic/linear and
organic/systems (Patton, 2002, p.119). Organic/systems worldview is related to
holistic epistemology, ontology, action and relationships among them (Sterling,
2003). Therefore, it is important to bring systems perspective to qualitative inquiry
in order to understand complex systems in the world. The challenge of systems
thinking can be explained by the following story: Nine blind people come across an
elephant and they identify the elephant by touching different parts of its body. One
touches the ear and says it is like a fan. Another touches the trunk and says that is
like a snake. The other one touches the whole body and resembles it to a wall. Each

blind man touches a different part of the elephant and generalizes to the whole. This
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tale shows that we cannot understand the whole picture by only bringing all the
parts together. To understand the elephant it must be seen in its natural ecosystem
in interaction with other parts of the system as well (Patton, 2002). Dealing with
STS as a need for science teachers to become ESD educators, this thesis brings
multiple approaches, perspectives along with SE, ESD, outdoor education and
systems thinking, and therefore, the study holds constructivism as a major paradigm

with the systems worldview.

3.2 Researcher Position

The researcher of this study had a background in SE and ESD. She earned her
bachelor’s and master’s degrees in elementary science education. She studied
specifically environmental education in her master’s thesis. She is also a research
assistant at the Department of Elementary Science Education. She has been
assisting the departmental courses related to environmental science and
sustainability for five years. During her PhD program, she attended several
conferences, workshops and summer schools about outdoor education,
environmental education and ESD. Moreover, she was involved in several activities
related to nature observation, outdoor education, permaculture, ecological farming,
sustainable university and sustainable schools in her personal life. The basic idea
behind this study is the researcher’s belief which underlies that reasons of all the
problems in the world are related to our view of the world. That is, our worldviews
strongly influence our actions. We need a holistic way of understanding to find
sustainable solutions in our lives. However, current education system does not
adopt an integrative or holistic approach and does not encourage students to see the
big picture in the system. Therefore, the researcher wanted to contribute to ESD
and SE research agenda to integrate systems thinking perspective into current
education system. Researcher believes that bringing systems thinking and ESD

together can play transformative role in individuals’ life for sustainability.
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3.3. Research Design

The study was conducted in five stages as gap analysis, developing/adapting STS
measurement tools, outdoor ESD course development, pilot implementation of the
tools and the outdoor-ESD course and the main study (case study). Gap analysis is
the preliminary stage of the thesis that aims to compare competencies of ESD
educator and science teachers and to explore the gap between them. The second
stage of the thesis is based on the outcomes of the gap analysis where systems
thinking is the required competence for science teachers to become ESD educators.
The second stage is, therefore, comprised of investigating and developing STS
measurement tools. The third stage is about outdoor ESD course development in
order to develop STS of PSTs. The fourth one is about a pilot study including
assessment of the developed STS measurement tools by means of measuring the
skills of a group of PSTs as well as piloting the outdoor-ESD course. This stage
was also used to get an initial idea on the current level of STS of the PSTs. Thus,
the results of the four stages provided a baseline for the main study and allowed the
researcher to build the frame of the main study. Subsequently, main study was
employed in order to develop STS of PSTs to become ESD educators. Figure 3.1
shows the structure and the stages of the research design of this thesis.
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STAGE-1
GAP ANALYSIS
RQ1: What are the required competencies for science
teachers to become ESD educators?
*Systems Thinking Skills as a key competency )

( STAGE-2 A
DEVELOPING SYSTEMS THINKING SKILLS
MEASUREMENT TOOLS
RQ2: How could the systems thinking skills be
measured?
* General Systems thinking skills in SE and ESD
\. context and the measurment tools. y,

STAGE-3
OUTDOOR ESD COURSE DEVELOPMENT
*Developing ESD based outdoor activities

STAGE-4 )
PILOT STUDY
RQ3: What is the quality and validity of the developed
system thinking measurement tools?
RQ4: What are the current level of system thinking skills
of PSTs? J

STAGE-5
MAIN STUDY
RQ6: How can PSTs' systems thinking skills be developed
through the outdoor based ESD course?
RQ7: . To What extent do PSTs reflect their systems
thinking skills to instructional planning under the light of the
outdoor ESD course? y

\.

Figure 3.1. Stages of the research design and related research questions
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3.3.1. Stage 1: Gap Analysis
3.3.1.1 Introduction

Gap analysis approach is used to determine the difference between what we are
doing (current knowledge, practice or skills) and what we should do (Janetti, 2012).
Gap analysis was employed in this thesis in order to answer the first research
question: “What are the required competencies for science teachers to become ESD
educator”? The implementation of gap analysis was realized in two parts as
theoretical and tangible. In the theoretical part, competencies (detecting the gap)
was constructed based on the literature review (determining the need), and in the
tangible part, interviews with ESD and SE researchers were carried out to support
the outcomes of the theoretical part. Four stages adapted from Janetti’s (2012) study

were utilized in the gap analysis process (see table 3.1)

Table 3.1
The Steps of Gap Analysis Process

1. Theoretical Part 2. Tangible Part

d. Verifying the theoretical part -
interviews with ESD and SE
researchers: Interviews with
ESD and SE researchers on
the required competencies for
science teachers to become
ESD educator. Interview
results were compared with
the outcomes of literature
review.

a. Determining the need: Examination of
the relevant literature related to the
competencies  for  Science teachers
(Nezvalova, 2007; NSTA, 2012; NRC,
2012; MoNE, 2008) and ESD educators
(UNECE, 2011).

b. Detecting the gap: Construction of the
comparision tables for similarities and
differences between science teachers and

ESD educators’ competencies. e. The final decision: Systems

thinking skill as a key
competency to be
investigated.
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3.3.1.2 Participants

For the tangible part of gap analysis, five participants (1 male, 4 females) who had
a Bachelor’s Degree in elementary science education, had a teaching experience as
a research assistant in elementary science education and conducted a research on

EE and ESD (PhD students) were selected on purpose.

3.3.1.3 Data Collection Procedure

Data collection procedure was carried out through literature review and semi-
structured interviews for the theoretical and tangible parts of the gap analysis
respectively. For the theoretical part, data collection was completed through
examining the literature related to ESD and SE competencies, and hence exploring
the required competencies for ESD educators and science teachers. For the tangible
part, semi-structured interviews were conducted in order both to support the results
of the former part and to explore the current situation in Turkey in terms of
competencies for ESD and STs in the words of the ESD and SE researchers. The
interview questions for the tangible part were prepared by the researcher and
examined by two experts, one being the supervisor of the researcher and the other
being an expert in ESD. The three questions asked to the five participants were as
follows:

1. What is your opinion on the competencies that science teachers should have
in the 21% century?

2. What competencies do you think a science teacher should have to become
an ESD educator?

3. What is your opinion on Turkish science teachers’ position in being an ESD
educator in terms of the required competencies?
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3.3.1.4 Data Analysis

Theoretical part of gap analysis was performed through the approach presented in
Table 3.1 (Janetti, 2012). In other words, firstly relevant literature was examined,
and the competencies for STs and ESD educators were compared in order to
determine the gap. For the tangible part, content analysis was used in order to
analyze the interviews with the five participants. In content analysis, researcher
determines the categories before the analysis begins (Fraenkel & Wallen, 2006).
Accordingly, the competencies of STs and ESD educators explored through the
theoretical part of gap analysis constituted the categories of the content analysis;
however, additional categories emerged during the analysis.

Data analysis for the gap analysis provided the researcher with the required
competencies for science teachers to become ESD educators. Systems thinking skill
arose as a key competency. In order to measure systems thinking skills of PSTs, the
researcher investigated the characteristics of systems thinking especially in ESD
and SE context. Based on the literature review, twelve systems thinking skills have
been determined and reviewed by five researchers specializing on ESD: one being
the researcher’s supervisor and the other four being the researchers studying and
experienced in ESD studies. After the revisions, twelve systems thinking skills were
decided as requirements to become ESD competent science teachers. In the
following section STS and measurement tools are presented.

3.3.2 Stage 2: Development of the Tools for Measuring STS

3.3.2.1 Systems Thinking Skills (STS)

Twelve STSs determined as the requirement for science teachers to become ESD
educators constitute the heart of this thesis. The first skill, identifying aspects of
sustainability (STS-1), has been identified based on the principles of sustainability
and ESD (e.g., Mckeown, 2002; Nolet, 2009). The relationships and
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interconnections are important in sustainability, and they are key concerns of
systems thinking (Sterling et al., 2005).

The second skill, seeing nature as a system (STS-2) has been determined based on
the integral ecology approach which was introduced in the light of Ken Wilber’s
integral theory. Integral ecology as a single framework provided a comprehensive
understanding of eco-philosophies and strategies (Hargens, 2005). This new
framework forms connection among body, mind and spirit in the areas of self,
culture and nature. Furthermore, integral ecology incorporates four dimensions
which are behavior, culture, experience and systems (Hargens, 2005).

Thus, integral ecology provides multidimensional thinking or systems thinking that
refers to comprehensive understanding of individuals, cultures, behaviors and
systems (Hargens, 2005). For instance, an integral ecologist contributes to recycling
for several reasons: Recycling is important for the earth, for the humanity, for the
nations and members of community and for themselves (Hargens, 2005). Seeing
nature as a system (STS-2) is also linked to how individuals define human-nature
relationship in a natural system (e.g., holistic or mechanistic view). Holistic view
refers to describing nature as a living system, and mechanistic view is related to

describing nature from human perspective (Capra, 1996; 2004).

Moreover, researcher adapted a number of STS from Assaraf and Orion (2005)’s
systems thinking framework that was created in the context of hydro-cycle system.
For instance, Assaraf and Orion (2005) stated that the ability to identify components
of a system (e.g., hydro-cycle system) forms the characteristics of systems thinking.
Researcher evaluated this characteristic in the context of sustainability and defined
the third skill as identifying components of a system (STS-3).

The fourth skill has been determined as analyzing interconnections among the
aspects of sustainability (STS-4). Nolet (2009) noted that systems thinking as a
component of sustainability literacy not only incorporates relationships among
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species and nature, but also refers to relationships among ecological, economic and
social systems. That is related to interrelationships among the social, economic and

environmental aspects of sustainability (Nolet, 2009).

The fifth skill, recognizing hidden dimensions of a system (STS-5), has been
adapted from Assaraf and Orion (2005)’s framework. The authors expressed that
understanding hidden dimensions of a system is related to recognizing patterns and
relationships that are not seen at first glance. For example, if there is a decrease in
a kind of food production in a country, this case may be related to climate change
conditions in another country. Some cases may be related to climate change even if

it is not seen at first look.

Furthermore, UNECE (2011)’s ESD competencies framework, Sleurs (2008)’s
competencies of ESD teachers framework, Sterling (2003)’s whole systems
thinking paradigm and Sterling et al. (2005)’s linking thinking perspective were
examined in this thesis. The sixth skill, the ability to recognize being part of the
system (STS-6), has been identified as a systems thinking skill and competency for
ESD educators (e.g., Sleurs, 2008; Sterling et al., 2005). That is to say, systems
thinker is aware that she/he has a responsibility in the global problems or issues and
takes responsibility of the choices they make (UNECE, 2011; Sleurs, 2008;
Sterling, 2005).

The seventh skill, learning from the past experiences considering the relationships
among past, present and future (STS-7), has been adapted from Assaraf and Orion
(2005)’s framework and UNECE (2011). This skill suggests that future events may
be result of the present interactions, and individuals should consider the present and
past experiences by taking decisions for the future (UNECE, 2011; Assaraf &
Orion, 2005).
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The eight skill, understanding cycling nature of the system (STS-8), is related to
recognizing cycling nature of the system. The meaning of this characteristic is to
recognize that natural systems work in cycles (Assaraf & Orion, 2005). Earth
support systems work in a cyclical basis such as recycling (Sterling, 2005).
Ecological principles are related to cyclical processes and symbiotic networks.
Furthermore, natural cycles (e.g. carbon, water, and nitrogen) are not separated.
Instead, they are related to each other. Sustainability also requires thinking in circles
(Litfin, 2012). Therefore, understanding cycling nature of the system is related to

non-linear thinking as well (Kali, Orion & Eylon, 2003).

The ninth and tenth skills are related to empathy skills. Understanding other
people’s perspectives (developing empathy with other people-STS-9) is an
important competency to be an ESD educator (Sleurs, 2008). Sterling et al. (2005)
noted that individuals first should consider purpose and relationships in a system
instead of blaming the components of the system (e.g., people). Systems thinking
can promote individuals to build empathy with other people (Sleurs, 2008).
Empathy is not only related to people, but also related to non-human beings (STS-
10). It is reported that developing empathy with non-human beings and feeling
connection to the world and to entire nature are important to understand
interconnections in the world (Sleurs, 2008). Therefore, developing empathy with

non-human beings has been defined as a systems thinking skill in this study.

The eleventh skill is related to developing sense of place (STS-11). Ardoin (2006)
suggested that sense of place is related to describing a place as including multiple
dimensions that are biophysical, political, psychological and socio-cultural. ESD
incorporates these multiple dimensions of place, and therefore, sense of place could
be evaluated in the holistic feature of ESD (Moseley et al., 2015). Sense of place
promotes local and cultural sustainability (Sobel, 2004). Teachers can help students

pay attention to the meanings we attribute to the places and how these places shape
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our beliefs, our identity, our roles in the place (Grunewald, 2003). It is assumed that
a systems thinker could attribute multiple meanings to the places.

The last systems thinking skill has been determined as adapting systems thinking
perspective to personal life (STS-12). STS-12 means that systems thinkers are able
to investigate, especially, transformative actions for sustainability and integrate
them into their personal life (Sleurs, 2008; UNECE, 2011).

These twelve STSs also constituted major themes and categories in order to guide
data analysis. 13 themes and 36 categories have been determined for data analysis.
Table 3.2 presents 12 STSs, major themes, categories and definitions. Detailed

definitions of the categories are presented in the coding booklet (Appendix F).

In order to assess STS development of PSTs, researcher also developed a structured
rubric. This rubric incorporated twelve STSs and a scale from zero to three (pre-
aware, emerging, developing, mastery) was designed (Appendix E). Rubric has
been tested and revised in the pilot study. In order to measure 12 STSs of PSTs, the
researcher developed a series of qualitative measurement tools as presented in the

following sections.
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Table 3.2

General Systems Thinking Skills, Major Themes and Definitions

STS

STS-1: The System
Thinker identifies
the meaning and
key aspects of
Sustainability

STS-2: The System
Thinker is able to
see nature as a
system

Major Themes/Categories

Aspects of Sustainability
a.ldentifiying all aspects of
sustainability

b.Identifiying two aspects of
sustainability ability

c. Identifiying one aspect of
sustainability

d. No aspect of sustainability

Integral Ecology

a. ldentifying more than two
aspects of integral ecology
b. Identifying two aspects of
integral ecology

c. ldentifying one aspect of
integral ecology

d. No aspect

Human-Nature Relationship
a. Holistic view

b. Mechanistic view

c. No view

Definitions

To be able to identify the meaning and key aspects of sustainability. These key
aspects could be the relationship among environment, economy and society, thinking
about the future, equity, diversity (biological, social, economic, cultural and
religious), quality of life and justice (WCED, 1987; Mckeown, 2002).

To be able to look at nature as a system considering the whole components. Seeing
nature as a system (STS-2) is linked to multiple perspectives of integral ecology
(Hargens, 2005) and also related to human-nature relationship (e.g., holistic or
mechanistic view) (Capra, 1999).
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Table 3.2 (Continued)

STS-3: The System Thinker is
able to identify components of a
system (Assaraf & Orion, 2005)

STS-4: The System Thinker is
able to analyze the
interconnections among the
aspects of sustainability by
considering causes and
consequences of the issues.

STS-5: The System Thinker is
able to recognize hidden
dimensions in a system

STS-6: The System Thinker is
able to recognize that he/she is a
part of this system and has a
responsibility in the system.

Components of a system

a. Multiple Components
b. Single Components
¢. No Component

Interconnection among the aspects of
sustainability

a. Inter-connection among the all aspects of
sustainability

b. Interconnection among the two aspects of
sustainability

c. Separated explanation

d. No interconnection

Hidden Dimensions in a system
a. Explaining the hidden dimension/s
b. Not explaining the hidden dimensions

Recognizing own responsibility in the system
a. Stating own responsibilities
b. Not stating the own responsibilities

To be able to identify components of a system
according to context. The context may be a lake
system, a forest system, a waste management
system and also an economic or social system.
System thinker can identify all the components of
these systems.

To be able to analyze interconnections among the
aspects of sustainability. The meaning of this
characteristic is to determine how the aspects of
sustainability are related to each other in a system
by considering the causes and consequences of the
issues. That refers to interrelationships among the
social, economic and environmental aspects of
sustainability (Nolet, 2009).

To be able to recognize patterns and interrelations
that are not seen on the surface (Assaraf & Orion,
2010).

To be able to realize a personal role in the global
problems/issues and take responsibility of the
choices they make (Sleurs, 2008; Sterling et al.,
2005; UNECE, 2011).
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Table 3.2 (Continued)

STS-7: The System
Thinker is able to
consider the
relationship between
past, present and future

STS-8: The System
Thinker is able to
recognize cycling
nature of the system.

STS-9: The System
Thinker develops
empathy with other
people

Making connections among past, present and future
a. Making connections among three time spans (past,
present and future).

b. Considering two time spans.

¢. Considering two time spans simply.

d. Considering one time span.

Cycling nature of the system

a. Explaining cycling nature of the system.
b. Not explaining cycling nature of the system.

Empathy with people

a. Considering other people’s perspective in a complete
way.

b. Considering other people’s perspectives in a simple
way.

c. Considering other people’s perspective in one side.
d. No empathy with other people.

To be able to take lessons from the past
experiences and consider the results of these
experiences for the future. Individuals can
make connections between past, present and
future actions (Assaraf & Orion, 2005;
Sterling, 2005; UNECE, 2011).

To be able to recognize the natural systems
work in cycles (Assaraf & Orion, 2005).

To be able to view issues from other people’s
perspectives and understand their needs or
reasons behind their actions (Sleurs, 2008;
Tilbury & Cooke, 2005; UNECE, 2011).
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Table 3.2 (Continued)

STS-10: The
System Thinker is
able to develop
empathy with non-
human beings.

STS-11: The
System Thinker is
able to build sense
of place.

STS-12: The
System Thinker is
able to adapt
systems thinking
perspective to
his/her daily life.

Empathy with non-human beings
a. Considering non-human beings.
b. No empathy with non-human beings.

Sense of place

a. Multidimensional sense of place.
b. Singe dimensional sense of place.
c. No sense of place.

Personal actions for sustainability

a. Transformative actions for sustainability.

b. Simple actions for sustainability.
c. No action.

To be able to empathize with non-human beings. If
someone cannot feel connection to the world, they
cannot see the interconnections in the world (Sleurs,
2008). This interconnectedness is also related to
beliefs, sense of awe, wonder, feelings, emotions, self-
knowledge, relationships and creativity (Sleurs,
2008).

To be able to build sense of place. Sense of place refers
to describing a place from complex, multidimensional
perspectives and it is related to interconnected
dimensions that are biophysical, psychological and
socio-cultural (Moseley, Perrotta & Kharon, 2015).
Sense of place promotes local and cultural
sustainability (Sobel, 2004).

To be able to take personal actions for sustainability.
A person who has a system thinking perspective can
investigate specific, transformative ways of action and
integrate these actions to his/her life (Sleurs, 2008,
UNECE, 2011).




3.3.2.2 Measuring Systems Thinking Skills

Several instruments were developed to measure STS: interviews, case study
analysis, written samples and concept maps are the most used instruments
employed by several authors (e.g., Assaraf & Orion, 2005; 2010; Brandstadter et
al., 2012; Connel, et al., 2012, Zulauf, 2007). Assaraf and Orion (2005), for
example, developed their own STS measurement tools in the earth systems
education context. Within the context of the current thesis that considers twelve
systems thinking skills, five qualitative STS measurement tools were developed and
adapted. In addition, lesson plans were used as STS measurement tool in the context
of the current thesis. Yet, the measurement tools developed for this thesis are not
specific to measure one skill only, it is possible to measure more than one skill with

one tool.

3.3.2.2.1 Essay Writing

In the literature, it is suggested that examination of written samples (e.g. essays) or
case studies is one of the most practical assessment instruments of STS in higher
education (e.g., Wang & Wang, 2011; Zulauf, 2007). Accordingly, essay writing
was used in this thesis as one of the assessment instruments. The reason for using
essay writing is to measure participants’ skill that is “seeing nature as a system”
(STS-2). In accordance with this purpose, participants were asked to write an essay
to answer the question: “What does a tree mean to you?”” which was originally used
by Sterling et al. (2005). Sterling et al. (2005) noted that individuals usually see the
distinctions rather than connections in a system. Therefore, he suggested that this
question could be asked to individuals as a systems thinking exercise in order to
reveal their way of thinking. Through this question, capturing participants’
ontological descriptions of a tree was the aim. In this way, understanding how

participants describe a natural system, whether they see complex relationships
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between human and nature or they see that human can control and manipulate

nature, was targeted.

3.3.2.2.2 Case Study Analysis

One of the STS measurement tool used in this study is case study analysis. In the
current study, the cases given to the participants are in the forms of a written case
and videos. The written case used is titled as Corum Agricultural Land-Unfilled
Emptiness, and is related to the deterioration of agricultural lands by the companies
for brick production (REC-Turkey, 2011). The videos used however, were titled as
we are losing our pastures in Turkey, and the most expensive meat is consumed in
Turkey due to deterioration of the ecosystems and agricultural lands because of the
airport construction and revealing its social, economic and environmental
consequences. (CNN Turk, 2014). Accordingly, in the case study analysis
participants were asked one open-ended question (What does this story mean to
you? Please, write your thoughts, opinions and feelings). The answers of the
participants were analyzed in terms of three STSs as how they identify or perceive
the cases in accordance with the key aspects of sustainability (STS-1), how they
identify the components of a system (STS-3) and how they analyze interactions
among the components in terms of sustainability perspective (STS-4). Sample
explanations related to cases are presented in Appendix B.

3.3.2.2.3 Semi-Structured Interviews

Interviewing is the basic method to gather in-depth and rich data and building
interaction between respondent and interviewer (Fontana & Frey, 2005). There are
different types of interviewing methods in qualitative research that are used based
on the purpose of the research (Fontana & Frey, 2005). In this study, semi-
structured interviews were employed in order to obtain deep information about

participants’ STS in the learning process. Semi-structured interviews consist of less
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structured and open ended questions (Merriam, 2009). Interview questions were
prepared by the researcher based on the context of this study and each question was
written to measure specific STS. Interview questions provided the researcher to
measure twelve STSs determined in the previous stage. For the validity of the
interview questions, researcher’s supervisor examined the questions in accordance
with the corresponding STS for each question. The questions and corresponding
STS are presented in the (Appendix C).

3.2.2.2.4 Concept Maps

Concept maps are powerful tools to measure what individuals know and how they
think (Tripto, Assaraf & Amit, 2013). Concept maps consist of concepts and
relationships. The relationships represent the link between concept pairs in one
word or sentence (Novak & Gowin, 1984 (as cited in Raved & Yarden, 2014). In
addition to hierarchical concept maps, there are also cycling concept maps.
Hierarchical concept maps are employed to structure hierarchical or static
knowledge. On the other hand, cycling concept maps are used as an effective tool
to structure functional or dynamic relationships between concepts (Safayani,
Derbentseva & Canas, 2004). Systems thinking requires understanding cycling
nature of the system (Assaraf & Orion, 2005). Accordingly, in the main study PSTs
were asked to draw two concept maps in order to understand how they show the
components, hidden dimensions and relationships of a system in consideration. In
the pilot study, PSTs practiced drawing concept maps, and in the main study they
drew two concept maps which were related to second and third modules of the
course. The context of the concept maps of the main study were as follows: 1. Eymir
Lake system 2. Sustainability solutions - working in backyard. Evaluation of the
concept maps, however, was realized through the rubrics that were prepared by the
researcher to measure three STSs (STS-3, STS-5 and STS-8).
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3.2.2.2.5 Field Reports

Field reports prepared by the participants after each outdoor activity within the
context of outdoor ESD course were also employed as one of the STS measurement
tool. The structure of the field reports were prepared by the researcher for each
activity and included four main sections as learning objectives, background
information, activity and discussion. The validity of the reports as measurement
tools was examined by the researcher’s supervisor. During the implementation,
participants were asked to fill the required fields in the reports. For the first activity,
for example, participants were asked to observe woodland ecosystem (components
and interactions) and write their observations, and they were asked to answer
several questions such as Think about what you have seen in Eymir this week?,
What do you infer from your observations? Or you calculated how much carbon a
tree stores in a day, so explain how to use this data to describe sustainability in
Eymir. Moreover, each field report was prepared to develop and measure specific
STSs. The field reports and relevant targets along with the measured STSs are
presented in the Table 3.3. Field report examples are presented in Appendix D.
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Table 3.3
Field Reports as a Measurement Tool and Corresponding STS

Field Reports STS
e Sustainable Use of a Lake STS-1, STS-2, STS-3, STS-4,
. STS-5
Pilot
Study e Transforming Waste to STS-6 and STS-8
Wealth
e Sustainable Use of a Lake
Main (Ecosystem of Eymir Lake) ~ STS-1, STS-2, STS-3, STS-4,

e Sustainable Use of a lake STS-5, STS-6, STS-7 and
Study (Water Quality Monitoring ~ STS-9
in Eymir Lake)
e Sustainable Use of a Lake
(Human Use in Eymir Lake)

e Sustainability Solutions STS-6 and STS-8
(Working in Backyard)

3.2.2.2.6 Lesson Plans

In the main study, PSTs were required to prepare an outdoor ESD lesson plan as a
final assessment. The aim of the assignment was to reveal how PSTs could integrate
their STS into an instructional planning. For this purpose, participants were
supplied with an outline including some instructions about preparing outdoor ESD
lesson plan and the grading procedure of the lesson plans (Appendix G). Initially,
they were requested to choose a big idea from the elementary science education
curricula. They were asked to prepare lesson plan in three parts as introduction
(description of the objectives), teaching procedure (what kind of teaching
procedures used) and assessment (how to measure targeted objectives). PSTs
worked in groups of two people, and they were asked questions related to their

lesson plans during the third interview (Appendix C).
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All the measurement tools used in this study are listed in Table 3.4 with the

corresponding STS and validities.

Table 3.4

STS Measurement Tools, Corresponding STS and Validity of the Tools

The Tool Measured STS Validity

1.Essay Writing STS-2 e Developed by Sterling et al. (2005)

and adapted by the researcher and

reviewed by an ESD expert.
2.Case Study STS-1, STS-3,STS-4 e 4 ESD experts evaluated the cases.
Analysis

3.Semi- STS-1, STS-2,STS-3, e Developed by the researcher
Structured STS-4, STS-5, STS-6, according to STS and reviewed by the
Interviews STS-7, STS-8, STS-9, researcher supervisor.

STS-10, STS-11, STS-

12

4.Concept Maps  STS-3, STS-5,STS-8 e  Developed by the researcher and
reviewed by the researcher’s
supervisor.

5.Field Reports ~ STS-1, STS-2, STS-3, e Developed by the researcher and

STS-4, STS-5, STS-6, reviewed by the researcher’s
STS-7, STS-8, STS-9 supervisor.
6.Lesson Plans ~ STS were exploredin e  The outline for the lesson plans was
in the PSTs’ developed by the researcher and
explanations reviewed by the researcher’s
supervisor
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3.3.3 Stage 3: Outdoor ESD Course Development

The outdoor ESD course was developed by considering the results of gap analysis
(general systems thinking skills resulted from gap analysis-Table 3.2). It was
assumed that outdoor ESD course could develop STS of PSTs because outdoor
education provides opportunities to integrate all elements of ESD by means of
allowing participants direct experiences with the natural system as well as fostering
sense of place (e.g., Higgins, 2009). Therefore, in line with the above reasoning
planned ESD course to develop PSTs’ STS is based on the outdoor activities.
Outdoor activities designed within the context of the ESD course comprised of two
field trips titled as “Sustainable Use of a system (a Lake)” and “Transforming Waste
to Wealth” and pilot implementation of the field trips were explained in the
followings sections (section 3.3.4).

Field trip 1: Sustainable Use of a system (a Lake)

The first field trip was designed to help PSTs realize the cyclic structure of a lake
system in terms of its social, economic and environmental features. Accordingly,
the field trip was realized in three weeks through the following context:
Observation of surrounding forest ecosystem, Measurement of water quality

parameters and Determination of human uses in the lake environment.

Field trip 2: Transforming Waste to Wealth

The target of the second field trip was to help PSTs realize composting and
gardening process as a sustainable and cycling system and help them make
connections between natural cycles, human consumption patterns, composting and

gardening process and realize individual responsibilities.
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3.3.4 Stage 4: Pilot Study

Pilot study in a research refers to small scale version of the planned study or
miniature version of the main study. Pilot studies are used to guide the development
of the research plan (Prescott & Soeken, 1989 (as cited in Kim, 2011). Pilot studies
help researchers make necessary adjustments and revisions in the main study (Kim,
2011). In qualitative research, pilot studies are used to train the researcher
(Kilanowski, 2006) and improve the credibility of the qualitative research (Padgett,
2008). Through pilot studies, qualitative researchers can narrow or expand their
research topic and can more clarify their research (Denzin & Lincoln, 1998).
Therefore, pilot study in qualitative research plays a vital role (Kim, 2010).
Accordingly, the pilot study of the current study was designed to reach three
following targets: to assess STS measurement tools developed by the researcher, to
measure current systems thinking skills of PSTs, to develop and conduct a pilot

version of the outdoor ESD course.

3.3.4.1 Participants

Pilot study was conducted in an environmental science course during the 2013-2014
fall semester in the Department of Elementary Education in one of the well-known
universities in Turkey. Twenty nine senior PSTs who were in their seventh semester
of science teacher education program participated in the pilot study. Participants’
age ranged from 21 to 25. Essay writing and case study analysis were conducted
with 29 PSTs. Semi-structured interviews were conducted with volunteer
participants. Six participants (3 female, 3 male) attended in the first interviews after
the essay writing and case study analysis, and 5 participants (3 females, 2 males)

participated in the second interviews.
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3.3.4.2 Pilot Implementation of Outdoor Activities (Field Trips)

Field trips were implemented as a part of environmental science course with the
attendance of 29 PSTs. The implementation of the Field Trip-1 (Sustainable Use of
a system (a lake) was realized through a group work, and groups were given tasks
according to the three phases of the trip. After the participants completed the tasks,
they were asked to share their data with other groups and prepare field reports
individually. Accordingly, five groups were set and each group worked on one
phase: Two groups examined water quality while two groups observed forest
ecosystem, and one group determined human uses.

Field Trip 2 (Transforming Waste to Wealth) was performed two weeks after the
first trip. Before the field trip, 30-minute presentation about world food system,
solid waste management and composting process was employed. After that, PSTs
were informed about how to make compost in the backyard, and composting
process was initiated together. PSTs were asked to observe and mix the compost
and also measure the temperature of the compost for three weeks (until the end of
the semester). Each PST observed the composting process and took field notes
during for three weeks. Finally, they completed their field reports. Corresponding
STS were intended to be measured in two field reports. They are presented in Table
3.5.

3.3.4.3 Data Collection

Data collection procedure in the pilot study was comprised of five tools developed
for this study. Firstly, essay writing was conducted, and case study analysis was
implemented. After that, semi-structured interviews were conducted in two stages:
the first interviews included eight questions specifically related to essay writing and
case study analysis, and the second interviews included 15 questions related to the
context of field trips. Interviews were intended to measure 12 STSs. Furthermore,
in the first interviews and in the field reports, PSTs were asked to draw concept
maps related to the context. Through the field trips, PSTs completed the field
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reports and drew concept maps. The implementations schedule of the STS

measurement tools are presented in the below Table 3.5.

Table 3.5

STS Measurement Tools Implementation Schedule for the Pilot Study

Measurement Descriptions Time Measured STS
Tools
1.Essay Writing  Context: What does a November
tree mean to you? 2014 (before STS-2
the field trips)
2.Case Study Written case; Corum November
Analysis Agricultural Land- 2014 (before
Unfilled Emptiness. the field trips)
What does this story STS-1, STS-3, STS-4
mean to you? Please,
write your thoughts,
opinions and feelings.
3. Semi- Interview-1 (related to  November STS-1, STS-2, STS-3,
Structured essay writing and case 2014 (before STS-4, STS-5, STS-9
Interviews study analysis) the field trips)
Interview-2 (related to ~ January 2015  STS-1, STS-2, STS-3,
field trips) (after the field  STS-4, STS-5, STS-6,
trips) STS-7, STS-8, STS-9,

STS-10, STS-11, STS-
12

4. Field Reports

Two field reports

November to

STS-1, STS-2, STS-3,

completed after the December STS-4, STS-5, STS-6,
field trips 2014 STS-8, STS-9
5. Concept Concept maps drawn in  November to
Maps field reports December STS-3, STS-5, STS-8
2014
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3.3.4.4 Data Analysis - Rubric Development

Rubrics used in higher education include two objectives: Determining a criteria for
evaluation and determining an appropriate and relevant scoring system (Peat,
2006). The rubric developed for this study to analyze essay writing, case study
analysis, interviews and field reports was based on the 12 systems thinking skills
that are presented in Table 3.2. The rubric, on the other hand, included four levels
to rate PSTs’ systems thinking skills development. These levels are mastery (3),
developing (2), emerging (1) and pre-aware (0) (Appendix E). The validity of the
rubrics was evaluated by three experts on ESD.

Moreover, a second rubric was developed for the evaluation of the concept maps
and an expert on ESD examined the descriptions in the rubric. Concept map rubric
was prepared based on measuring STS-3, STS-5 and STS-8 skills. Concept maps’
evaluation criteria were determined in terms of mastery, developing and emerging
levels. The concept map models were evaluated based on their complexity and three
STS (STS-3, STS-5 and STS-8).

The characteristics of the rubrics are summarized in Figure 3.2. The rubrics for

evaluating STS and concept maps are presented in Appendix E.
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Rubrics

2. Rubric for

1.Rubric for

h Evaluating Concept
Evaluating 12 STS

Maps

The instruments:
*Essay Writing *Concept Maps

*Case Study
Analysis

*Interviews

*r:

Rubric Levels:

Mastery,
Developing and
Emerging

Rubric Levels:

Mastery (3),
Developing (2),
Emerging (1),

Pre-aware (0)

Figure 3.2 Rubrics for evaluating STS and concept maps

In order to provide reliability of the measurement tools, an independent coder
(expert on ESD) analyzed all the interviews (the first and second one) and rated
based on the rubric (Appendix E). Inter-rater reliability was 93% for the first
interviews and 96% for the second interviews. Furthermore, 20% of 29 essays and
20% of 29 case study analyses were examined by the independent coder in order to
provide reliability. Inter-rater reliability for the essay writing was found as 100%

and inter-rater reliability for the case study analysis was 88%.
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3.3.5 Stage 4: Main Study (Case Study)

The research question of the main study is “How can PSTs' systems thinking skills
be developed through the outdoor based ESD course?” In accordance with the
constructivist paradigm and systems perspective, qualitative case study was
conducted to answer this research question.

Case studies provide understanding of a phenomenon in a holistic way considering
different aspects in the real environment (Stake, 1995). Qualitative case studies
include various definitions. According to Merriam (2009), qualitative case study is
an inductive and mainly descriptive strategy including its boundaries or limits.
Creswell (2007) suggests that case studies include a bounded system (one case) or
multiple bounded systems (multiple cases) and extensive data sources to collect
data. Furthermore, according to Yin (2009), qualitative case study represents an
empirical inquiry that emphasizes a phenomenon in depth and in a real life context.
If the aim of the researcher is to understand “Why?” or “How?” the program
worked, he/she should conduct a case study (Yin, 2009). Qualitative case studies
include a unit of analysis which is defined as a way of understanding what the case
is. A case can be an individual or individuals or an event or a program (Yin, 2009).
According to Yin (2009), qualitative case studies consist of four basic types of
designs that are single or multiple and holistic or embedded case study designs.
That is, qualitative case studies can be single case holistic or multiple case holistic
designs and single case embedded or multiple case embedded designs. Single or
multiple case studies are related to number of cases in the study and embedded or
holistic case studies are related to number of unit of analysis in the study.
Accordingly, the research design of this study is single case embedded design with
embedded units within the context of Elementary Science Education (ESE)
program at METU. Outdoor ESD course was designed as single case and
participants’ systems thinking skills through the course (based on three modules)
were identified as a unit of analysis of the case. The boundary of this case study

was determined according to time and place. It was bounded by data collection
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through one semester (12 weeks) and by PSTs in the elementary science education
program. Figure 3.3 shows single case embedded design conducted for this study.

Systems
Thinking Skills
of PSTs in the
Module-1,
Module-2 and

Figure 3.3. Single Case Embedded Design with Multiple Unit of
Analysis
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3.3.5.1 Participants

Main study was conducted within the context of the course titled “Laboratory
Applications in Environmental Education” during the 2013-2014 spring semester
in the Department of Elementary Science Education in one of the well-known
universities in Turkey. Eleven PSTs attended in the course and data were collected
from eight participants (3 males, 5 females) who volunteered to participate in the
research and attended in all the lectures and field trips through the semester. All of
the participants hold similar academic background. They all completed required
science and environment courses. However, some participants have different
personal background details. For instance, one of the participants has been working
in an education center for children for one year and she has some field experiences
related with science education and environmental education. Another participant
grew up in a farm therefore he was more experienced about gardening practices.

Figure 3.4 presents demographic characteristics of the participants.

«3 Male
Gender | *5 Female

\/ «21to 25

Age Levell

+Senior in the elementary science teacher education
Grade | Program

« Completed the total credit required for science teacher
education program

Courses | « Completed environmental science course

Figure 3.4 Demographic Characteristics of the Participants of the
Main Study
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3.3.5.2 Context of the Study: Outdoor based ESD Course

The course titled “Laboratory Applications in Environmental Education” was
redesigned based on outdoor ESD context in order to foster STS of PSTs. The
content of the course included field trips to Eymir Lake and composting activity.

Content of the course has been revised for inclusion of the twelve systems thinking
of this thesis. New activities (eg., measuring carbon emission of the trees and
creating spiral garden) and new discussion questions have been added to the outdoor
exercies. All the questions in the field reports have been modified so as to measure
the system thinking skills. For example, in the first outdoor exercise which is related
to ecosystem investigation in Eymir Lake, participants were asked a question
related to current and future use and their inferences related to the future situation
of Eymir. They were also asked to interpret the data (eg., calculation of carbon in
the trees or water quality measurements) for describing sustainable use of Eymir.
Thus, the discussion questions provided information about systems thinking skill
development of participants. Moreover, concept maps have been integrated to
course content as for the same reason. This outdoor ESD course was held in three
hours each week and lasted eleven weeks. Outdoor based ESD course was designed
through the results of the pilot study with the sustainable use of natural resources’
point of view. Therefore, the course was designed and implemented through three
Modules: Determining Initial state of STS, Developing STS: What is Sustainable
use of a system? And Developing STS: Sustainability solutions-Working in the
backyard. Six weeks of the course were held outdoors for the field trips and five
weeks of the course were indoors (discussion weeks). At the end of the course, PSTs
were asked to prepare a lesson plan with the big idea to foster elementary students’

STS through an outdoor ESD course.
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3.3.5.2.1 Procedure-Implementation of the Outdoor ESD Course

Outdoor ESD course has been implemented in three modules. The first module

included systems thinking activities in order to determine initial state of the PSTs

systems thinking skills as explained in the following part.

MODULE I. Determining Initial State of STS

WEEK-1: Warming up - INDOOR

Date: 20.02.2014

Duration: 3 hours

In this week, PSTs were informed about the course content and syllabus. They were
informed that this course was planned in terms of a holistic or systemic
understanding. In addition, they were informed about the research hold in the
course briefly, and they were asked whether they would like to be volunteer to
participate in the research part of the course.

WEEK-2: Thinking Exercise- INDOOR

Date: 06.03.2014

Duration: 3 hours

Two of the data collection tools (essay writing and case study analysis) were
implemented. PSTs were requested to write an essay answering the question:
“What do a tree and a lake mean to you?” Case study analysis was carried through
watching the video titled “We are losing our pastures in Turkey” which lasted 45
minutes. Afterwards, PSTs were asked to write their comments, opinions, feelings
related to the case. After this lecture, the first interviews were conducted with
volunteer PSTs.

MODULE-II. Developing STS: What is Sustainable Use of a System?
The main idea for constructing the Module Il is to help PSTs understand complex

systems in nature and the meaning of sustainable use of a natural system. Thus, the
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module includes field trips to Lake Eymir which is introduced to the participants as
a natural system. The duration of Module 11 was five weeks (from week 3 to week
7) three of which were carried out outdoors.

WEEK-3: The need for systems thinking - INDOOR

Date: 13.03.2014

Duration: 3 hours

Obijectives:

e To introduce the ways of thinking.
In the course, a presentation including the topics of mechanistic view of science,

holistic science, the need for systems thinking and sustainability and gaia theory
which were developed by James Lovelock in 1960 (Lovelock, 2000) was given.
Moreover, PSTs were informed about the next week’s content that will be held in
Lake Eymir, and they were requested to be prepared for the field trip. Furthermore,
PSTs were informed that the context of the first field trip report that was uploaded
to the university’s webinar system, and they were requested to read the report before
coming for the field trip.
WEEK-4: Sustainable use of a Lake: Ecosystem of Eymir
OUTDOOR (Field Trip-1)
Date: 20.03.2014
Duration: 3 hours
Obijectives:

e To explore the forest ecosystem of Eymir Lake

e To observe and feel the nature around the lake
Accordingly, the field trip was implemented in the forest area of Lake Eymir. Lake
Eymir is a natural reserve area located at 20 km from the city center in the south of
Ankara. It is a shallow lake with a length of 13 km and the deepest part of the lake
is 5 m. The lake is located in a valley system, and it is surrounded by a forest area.
Furthermore, Lake Eymir is a recreational area that includes several cafes and
restaurants and visited by many people living in Ankara to relax, spend time in

nature and do several outdoor activities. Moreover, the lake is located in the
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territory of the university, and thus it is administrated by the university (Figure 3.5).
Before the field trip started, PSTs were informed about the history and current use
of the lake. The task for the trip was, as defined in the field trip report, to examine
the forest ecosystem of the lake. They were asked to observe the forest ecosystem,
examine types of the trees, plants, and climate and calculate carbon storage of the
trees (Figure 3.6). Participants studied in groups of two or three; however, they

prepared individual field reports (Appendix D).

Figure 3.5 Lake Eymir

104



Figure 3.6 Field Trip- 1: Observation of the Forest Ecosystem in
Lake Eymir

WEEK-5: Sustainable use of a Lake: Water Quality Monitoring in Eymir
OUTDOOR- (Field Trip-2)

Date: 27.03.2014

Duration: 3 Hours

Obijectives:

e To explore water quality of Lake Eymir in line with the assigned
parameters.

e To explore, referring to the past measurements, if there are any changes
occurred in the concentrations of the measured parameters

e To evaluate possible reasons and results of the change in the concentrations.

e Todiscuss the future of the lake through making connections with the global
environmental challenges (biodiversity loss, deforestation and climate
change)

After PSTs examined the forest ecosystem of Eymir, in week 5, they were asked to

monitor the water quality in the lake through the parameters assigned.
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Before the field trip, researcher prepared the in-situ water quality measurement
equipments (PH meter, DO meter, turbidity meter, sechi disk, D-net etc.). PSTs
were given a short description related to the use of the water quality measurement
equipments and they were asked to make in-situ measurements in the lake to
represent its quality as far as the given parameters are concerned. Each group
measured water quality parameters of the different sites of the lake and compiled
the data to have a whole data set of water quality parameters of Lake Eymir (Figure
3.7). Individual field reports were prepared by the students to reflect their

evaluations on the results (Appendix D).

Figure 3.7 Field Trip 2: Water Quality Monitoring in Eymir Lake
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WEEK-6: Sustainable use of a Lake: Human Use in Eymir

OUTDOOR-(Field Trip-3)

Date: 03.04.2014

Duration: 3 hours

The purpose of the third field trip to Lake Eymir was to investigate human use in
Eymir Lake. Accordingly, the objectives for the trip were set as:

e To explore how people use Eymir Lake.

e To analyze the possible impacts of human use in Eymir in terms of
sustainability.

e Todiscuss Eymir as a system by considering the results of three field trips
together.

PSTs were asked to explore human impact in Lake Eymir. With this field trip, it
was aimed to help PSTs to be aware that Lake Eymir does not only have
environmental value, but it has also economic and social value, so it was also aimed
to help them make evaluations through sustainable use of the lake. In view of that,
they were given freedom to design their research. As a result, some conducted
interviews with visitors, and some of them conducted interviews with cafe and
restaurant owners and observed how they dump their wastes, how they conserve the
lake, etc.

WEEK-7: Discussion: Systems Thinking Exercise through the Findings of Module-
II-INDOOR

Date: 10.04.2014

Duration: 3 hours

Obijectives:

e To discuss Eymir as a system through sustainability perspective.
After three field trips to Lake Eymir, a discussion was held in the classroom within

the context of the field reports, and PSTs were requested to draw a concept map
related to human-nature relationship in Lake Eymir considering the results of the
trips. The objective for the Week 7 therefore, was set as to discuss Eymir as a

system through sustainability perspective and the discussion was constructed on
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systems thinking perspective. After the completion of Eymir field trips, the second
interviews were conducted with the volunteer participants before the next lecture

started.

MODULE- I11. Sustainability Solutions

Module-I11 included activities related to sustainability solutions. This module that
lasted four weeks aimed to encourage PSTs to explore solutions for sustainability
in the context of composting and gardening and recognize personal responsibility
in the system and cycling nature of the system.

WEEK-8: Sustainability Solutions-Working in the backyard

OUTDOOR (Field Trip-4)

Date: 24.04.2014

Duration: 3 hours

WEEK-9: Sustainability Solutions-Working in the backyard

OUTDOOR (Field Trip-5)

Date: 08.05.2014

Duration: 3 hours

The two weeks long outdoor exercises were compiled of gardening and composting
activities. The objectives set for eighth and ninth weeks were;

e To help students make connections between natural cycles and composting
process.

To introduce composting process as a part of the sustainable system.

To help students explore how compost can be transformed to food.

To acquire interest to work outside, planting, composting.

To compare human system and natural systems through composting and
gardening process.

e To be aware of the individual responsibilities.

Before PSTs participated in several outdoor activities like composting, watering,

planting, a short presentation about composting, sustainable food consumption and

sustainable agriculture was given by the researcher. Within the context of this
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module, the soil was prepared for planting in the backyard of the faculty. The
compost made in the previous semester during the environmental science course
was used to improve the soil. Thus, PSTs had a chance to see how wastes could be
transformed to a healthy soil through composting. After preparing the soil, PSTs
collected the organic wastes from the canteen, and they brought wastes from their
houses to initiate a new compost pile. By creating the compost pile, they learnt how
natural cycles (carbon, water and nitrogen cycles) are related to composting
process. Throughout two weeks, a new compost pile was initiated. Then, a drip
water irrigation system was constructed and seedlings were planted. The researcher
made an effort to use recycling materials in the course and contact with the
community to get their help such as canteen workers, other colleagues in the faculty
and forestation institution at the university. Thus, PSTs could see how a sustainable
system could be created in the backyard of the faculty together. Moreover, they
became a part of all these processes and learnt to make cooperation with all the
stakeholders. They observed all the processes in the garden and completed their

field report based on their observations and reflections (Figure 3.8).
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Figure 3.8 Field Trip 4: Working at the backyard Gardening and

Composting

WEEK-10: Discussion-Systems Thinking Exercise through the Findings of Module
[11-INDOOR
Date: 15.05.2014

Duration: 3 hours
This was a discussion week during which the outdoor experience was discussed as

a whole through the context of the filed reports. At the end of the lecture, PSTs
watched a video titled “The most expensive meat is consumed in Turkey” (CNN
Turk, 2014). Afterwards, they were asked to write an evaluation on the case they

watched on the video. (Case Study-11).
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WEEK-11: Completing the Circle - Sustainable Use and Sustainability Solutions-
OUTDOOR):

Date: 22.05.2014

Duration: 3 hours

At the end of the course, Lake Eymir was visited again in order to complete the
circle of the course. PSTs expressed their critics and reflections about the whole
course. At the end of the semester, the third interviews and second concept maps
were conducted, and PSTs completed their lesson plans. In Figure 3.7 the structure

of the outdoor ESD course is summarized.
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¢T1

WEEK-1 Warming up

WEEK-2 Thinking
Exercise

Essay Writing, Case
Study Analysis-1 and

Interviews-I

WEEK-5 Sustainable
Use of a Lake (Water
Quality Monitoring)

WEEK-9 Sustainability
Solutions- Working at
Backyard

WEEK-3 The need for
systems thinking

WEEK- 4 Sustainable
Use of a Lake
(Ecosytem of Eymir)

WEEK-6 Sustainable
Use of a Lake (Human
Use)

WEEK-7 Discussion-
Systems Thinking
Exercise

Field Reports (I-11-
1), Interview-11 +
CM-I

WEEK-8 Sustainability
Solutions-Working at
Backyard

WEEK-10 Discussion-
Systems Thinking
Exercise

Figure 3.9 Outdoor ESD Course: The content

WEEK-11
Completing the Circle
Field Report (1V),
Case Study Analysis-
I, Interviews-111 +
CM-11

Preparing a lesson plan
(final assignment)




3.3.5.3 Data Collection

Data collection procedure in the main study was comprised of the implementation
of the five tools developed for this study. Firstly, essay writing was conducted, and
after the essay writing, case study analysis was implemented. After that, semi-
structured interviews were conducted in three stages: The first interviews included
13 questions, specifically related to essay writing, case study analysis and Lake
Eymir. Second interviews included 12 questions related to the context of field trips
to Lake Eymir, and the third interviews included three parts which were related to
sustainability solutions-working in the backyard, lesson plans prepared at the end
of the course and development in STS through the course. Interview questions and
corresponding STS can be seen in the Appendix C. Through the field trips, PSTs
completed the field reports and drew concept maps. The implementations schedule
of the STS measurement tools in the main study are presented in the below Table
3.5.
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Table 3.6

Data Collection Scheme in the Main Study

Time The Tool Description Measured STS
Essay Writing  Context: “What does a tree
and a lake mean to you?” STS-2
Case-1: We are losing our
February Case Study pastures in Turkey
20- March 6  Analysis-I The question asked: “What STS-1, STS-3,STS-4
2014 does this story tell you?
Please, write your thoughts,
opinions and feelings”
13 questions (related to essay, STS-1, STS-2, STS-3
Interview-1 case study and Eymir Lake), STS-4, STS-5, STS-6
Lasted 30 minutes STS-7, STS-9
March 13- Field reports related to STS-1, STS-2, STS-3
April 10 Field Reports ~ Module-11 STS-4, STS-5, STS-6
2014 (1-11-111) STS-7, STS-9
12 questions (related to STS-1, STS-2, STS-3
Module-II STS-4, STS-5, STS-6
Interview-11 +  Lasted 40 minutes STS-7, STS-8, STS-9
CM-I STS-10, STS-11, STS-12
Concept map-II STS-3, STS-5, STS-8
Field Report Field reports related to STS-6, STS-8
(V) Module-111
April 24- Case-2: The most expensive
June 6 2014  Case Study meat is consumed in Turkey STS-1, STS-3,STS-4
Analysis-II The question asked: “What
does this story mean to you?
Please, write your thoughts,
opinions and feelings”.
1. Questions related to case
Interview-l11 study and concept map STS-1,STS-3, STS-4
+ CM-II 2. Questions related to STS-5, STS-6, STS-7

Lesson Plans

lesson plans

3. Questions related to
development of STS
(lasted 60 min)

Five lesson plans were
prepared at the end of the
semester

STS-8, STS-9, STS-10
STS-11, STS-12

STS were
explored

in the PSTs’
explanations
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3.3.5.4 Data Analysis

This study is a single case embedded design with multiple unit of analysis.
According to Merriam (2009), in a case study all the data about the case should be
brought and organized together. In this study, systems thinking skills of participants
were measured by the tools and were developed through the three modules of
outdoor ESD course. The data were analyzed through qualitative way. Constant
comparative method developed by Glaser and Strauss (1967) were employed to
analyze qualitative data. According to Glaser and Strauss (1967) in the constant-
comparative method “ the analyst starts by coding each incident in his data into
many categories of analysis as much as possible, as categories emerge or as the data
emerge that fit to an existing category” (p.105). Furthermore, according to Merriam
(2009), “constant comparative method involves comparing one segment of data
with another to determine similarities and differences”. In this study, themes and
categories have been created through both inductive and deductive ways. First, a
list of codes (pre-code list) was prepared based on the general systems thinking
framework and rubric. Later, the codes evolved from the data have been added to
the pre-code list. Ultimately, a coding booklet (Appendix F) has been prepared.
Definition of the codes has been written because it could be useful for other
researchers who may think about the same phenomena while coding a similar data
(Miles and Huberman, 1994). Afterwards, initial STS levels of participants have
been determined based on the rubric including four levels which are mastery,
developing, emerging and pre-aware. Mastery level refers to the highest level for
STS development while pre-aware level refers to the lowest level for STS
development (Appendix E). Detailed qualitative data analysis descriptions of the

tools are presented in the following sections.
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3.3.5.4.1 Data Analysis: Essay Writings

Essay writing has been used to measure the skill defined as “seeing nature as a
system (STS-2)”. Participants’ essays related to the questions about “What does a
tree mean to you? And “What does a lake mean to you?” were analyzed based on
the two themes and four categories (Table 3.7). STS levels of the participants were

evaluated based on the rubric (Appendix E).

Theme-1: Integral ecology

Integral ecology theme used in the data analysis has four dimensions (experience,
cultural, behavior and systems) that represent the multiple perspectives of integral
ecology. Experience refers to subjective experiences such as social, emotional,
spiritual (e.g., personal experiences about a mountain). Cultural refers to morals,
symbols, system, meaning, affect etc. (e.g., how human culture symbolize natural
world). Behavioral is related to more technical issues such as physical boundaries,
movements or measurements (e.g., measurement of the PH in a river, the height of
a tree). Systems is related to interactions in the natural world (e.g., food chain,
migration etc.) and human effect in the world (Hargens, 2005). Thus, analysis of
essay writings was realized based on the four dimensions of integral ecology
explained above together with rubric levels and divided into four categories (Table
3.7).

Theme-2: Human-Nature Relationship

The second theme, for analyzing STS-2 was determined as human-nature
relationship. Two views for human-nature relationship, as suggested by Capra,
(1991) were used to determine PSTs’ views of human-nature relationship:

1. Mechanistic view: Describing natural system in terms of human perspective as

humankind is separated from nature and rules nature.
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2. Holistic view: Humankind is related to nature and natural systems are seen as a
living system. Thus, mechanistic and holistic view constituted the categories related
to human-nature relationship theme (Table 3.7).

Based on the themes and categories, the instances that were elicited in PSTs’
responses in essay writing were determined and evaluated according to the STS
levels. Besides, an independent coder (expert in ESD) analyzed two essay writings

which were randomly selected.

Table 3.7
Themes and Categories in the Essay Writing Analysis

STS THEME CATEGORY
1.Integral a. ldentifying more than two aspects of integral
Ecology ecology.

(e.g., cultural, behavioral and experience)

b. Identifying two aspects of integral ecology

STS-2: (e.g., cultural and behavioral)

Seeing

Nature as a c. Identifying one aspect of integral ecology
System (e.g., cultural)

d. No aspect (no particular aspect of integral

ecology
2. Human- a. Mechanistic View
Nature
Relationship b. Holistic View

¢. No View

Participants’ responses on their thoughts, opinions and feelings related to the given
case were analyzed based on the three systems thinking skills: STS-1 (identifying
aspects of sustainability), STS-3 (identifying components of a system) and STS-4

(analyzing interconnections among the aspects of sustainability). The themes for
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analyzing STS were set in line with the rubric as “ldentifying aspects of
sustainability” for STS-1, “Components of a system” for STS-3 and “Analyzing
Interconnections among the aspects of sustainability “for STS-4 (Table 3.8). The
first theme included four categories and was evaluated in relation to using social,
environmental and economic aspects of sustainability. The second theme referred
to components derived from the case and included three

categories. Researcher determined possible components related to case before the
data analysis and looked for how PSTs mentioned these components in the case
study analysis. For example, for the first case study titled as “We are losing our
pastures”, researcher determined a number of components which could be nature,
ecosystem, villagers, city life, construction, transportation, climate change etc. and
searched for these components during the data analysis. The last theme also
included four categories in relation to analyzing the interconnections among the
social, economic and environmental aspects of sustainability (Table 3.8).

Besides, an independent coder (expert in ESD) analyzed two participants’ case

study analyses which were randomly selected.

118



Table 3.8

Theme and Categories set in the Case Study Analysis

STS

THEME

CATEGORY

STS-1:

Identifying aspects

of sustainability

STS-3
Identifying
components of a
system

STS-4

Analyzing
interconnections
among the aspects
sustainability

Identifiying aspects
of Sustainability

Components of a
system

Interconnection
among the aspects
of sustainability

a. ldentifiying all aspects of
sustainability (e.g., Social, economic,
environmental)

b. Identifiying two aspects of
sustainability (e.g., Social and
environmental)

c. Identifiying one aspect of
sustainability (e.g., environmental)

d. No aspect of sustainability (not
including a particular aspect)

a. Multiple Components

b. Single Components

¢. No Components

a. Interconnection among the all
aspects of sustainability

b. Interconnection among the two
aspects of sustainability

c. Separated explanation

d. No Interconnection
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3.3.5.4.2 Data Analysis: Interviews

While analyzing interviews first, each transcript was read and examined several
times to make sense of data. Later, the unit of data which represents potential
answers to the questions asked during the interviews were identified. Throughout
the analysis, the themes and categories determined beforehand were explored. Data
analysis continued to compare one unit of data with the other data (Merriam, 2009).
The themes and categories for each STS were identified based on the general
systems thinking skills (Table 3.2) and rubric. The themes and categories used for
STS-1, STS-2, STS-3 and STS-4 were the same as the ones mentioned in the above
section. Therefore, Table 3.9 presents the themes and categories for other skills
(STS-5, STS-6, STS-7, STS-8, STS-9, STS-10, STS-11 and STS-12).
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Table 3.9

Themes and Categories set in the Interviews

STS THEME CATEGORY

STS-5: Hidden a. Explaining the hidden dimensions.
Recognizing Dimensionsina b. Not explaining any hidden dimension.
hidden dimensions  system

STS-6 Recognizing a. Stating own responsibility
Recognizing own own b. Not stating own responsibility.

responsibility in
the system.

STS-7:
Considering the
relationship among
past, present and
future.

STS-8
Recognizing cyclic
nature of the
system.

STS-9: Developing
empathy with other
people.

STS-10:
Developing
empathy with non-
human beings.

STS-11:
Developing sense
of place.

STS-12

Adapting systems
thinking
perspective to
personal life

responsibility

Making
connections
among past,
present and
future.

Cyclic nature of
the system

Empathy with
people

Empathy with
non-human
beings

Sense of place

Personal actions
for
sustainability

a. Making connections among three time
spans (past, present and future.

b. Making connections among two time
spans (e.g., past-future).

c. Considering one time span (e.g.,
present)

d. No connections with time spans.

a. Explaining cycling nature of the system
b. Not explaining cycling nature of the
system

a. Considering other people’s perspective
in a complete way
b. Considering other people’ perspectives
in a simple way
c. Considering other people’s
perspective in one side
d. No empathy
a. Considering non-human beings
b. No empathy with non-human beings

a. Multidimensional sense of place
b. Singe dimensional sense of place
c. No sense of place

a. Transformative actions for
sustainability

b. Simple actions for sustainability
c. No action
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3.3.5.4.3 Data Analysis: Concept Maps

Concept maps were evaluated based on their complexity and non-hierarchical
structure. Concept map analysis structure was based on the themes as number of
components of the system, the number of connections (a measure of
interrelationships), hidden dimensions and a measure of complexity. Moreover, a
rubric for evaluating concept maps has been used. Concept map rubric included
categories which were mastery, developing and emerging (Appendix E).

Furthermore, concept maps enabled researcher to examine the following systems
thinking skills: STS-3 (identifying components of a system), STS-5 (recognizing
hidden dimensions) and STS-8 (recognizing cyclic nature of the system) in a

holistic way.

3.3.5.4.4 Data Analysis: Field Reports

Field reports were analyzed in a similar way as mentioned in section 3.3.4.4. Each
participant’s report was read several times, and participants’ answers to the
questions in the reports were analyzed based on the pre-determined themes and

categories set for 12 STS.

3.3.5.4.5 Data Analysis: Lesson Plans

Lesson plans were analyzed to answer the question of to what extent participants
could reflect STS in their instructional planning. Lesson plans were evaluated
according to the lesson plan analysis rubric. In the first step of lesson plan analysis,
the three parts of the plans (objectives, teaching procedure and assessment) were

examined in order to reveal how PSTs integrated STS to lesson plans. Later, these
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parts were evaluated based on the three rubric levels (exemplary, making progress
and needs development) as given in the rubric (Appendix E).

3.3.5.5 Trustworthiness of the Study

Trustworthiness is used as a term that refer to reliability and validity of qualitative
studies (Lincoln & Guba, 1985). Trustworthiness is related to how the researcher
could persuade readers that findings of the study are worth paying attention to
(Lincoln & Guba, 1985). Several strategies are used in order to enhance
trustworthiness of qualitative studies. These strategies are called “reliability”,
“internal validity”” and “external validity” (Merriam, 2009, p.213), or they are called
by Lincoln and Cuba (1985, p.298) as ‘“credibility”, “dependability” and
“transferability” and “confirmability”. In this study, appropriate strategies were

used to deal with reliability and validity concerns of the study.

3.3.5.5.1 Reliability (Dependability)

Reliability in qualitative research is related to finding consistent results with the
data collected (Merriam, 2009). There are several ways to enhance reliability in
qualitative studies. These are checking the transcripts, comparing data with the
codes to be sure that there is not any mistake in the coding system and inter-coder
agreement (Creswell, 2014). In this study, all the qualitative data were recorded and
transcribed, and the transcripts were checked to ensure that there is not any mistake.
Furthermore, all the transcripts were read and rated according to the coding booklet
and rubric. Coding and rating process were repeated for several times to be sure that
appropriate rubric levels were employed. Lastly, interrater reliability was provided

to establish reliability of the rubric.
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3.3.5.5.2 Interrater Reliability

Interrater reliability defined by Lecompte and Goetz (1982) means that multiple
observers or coders reach the same conclusion about the phenomena which is
evaluated. That is to say, interrater reliability refers to the agreement between

different coders, and this agreement is calculated with a simple statistics which is

Na

—Na where Na =

the percentage (or proportion) of the agreements as shown= S

the number of agreements, Nd = number of disagreements (Tinsley &
Brown, 2000).

For example, if there is no disagreement between two coders or raters, reliability
coefficient will be 1/1 which means that there is 100 % agreement between the
coders. In this study, in order to provide interrater reliability, several ways were
employed. One is that researcher should describe rubric criteria and grades carefully
(Stellmack, Konheim-Kalkstein, Manor, Massey & Schmitz (2009). In this study,
rubric criteria were determined carefully based on general systems thinking skills
(Table 3.2) and revised several times by reaching to final decision for each item in
the rubric. Another way is training the graders about the rubric (Zimmaro, 2004).
For interrater reliability, primary researcher and an expert who is very experienced
in ESD held several meetings, and researcher summarized her study and explained
the coding procedure and structure of the rubric. Researcher and expert coded and
graded a sample data together to understand how to decide category levels in the
rubric. Miles and Huberman (1994) suggested that at least two coders should code
5-10 pages of the transcribed data separately and check the consistencies.
Moreover, the authors suggested that agreement which is more than 70% could be

acceptable; however, at the end, inter-rater agreement should be at least 90%.
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In this study, the expert analyzed randomly selected data which are three essays
(among 8), three case study analyses (among 16 ), a total of six interviews (among
24), nine concept maps (among 16), four field reports (among 32) and two lesson
plans (among 5).

For the essays, expert analyzed data individually, and 67 % agreement was
obtained. Researcher and expert discussed the disagreements and reached full
agreements (100%). For the case study analysis, firstly, expert analyzed the data
and inter-rater reliability was found below 90%. The Researcher and the expert
discussed the disagreements, and the second interrater reliability was found as 94%.
For the interviews, firstly inter-rater reliability was found as below 90%. After the
discussion between the researcher and expert, the second inter-rater reliability was
found as 95%. For the reliability of the field reports, initially, interrater agreement
was found as 78%. After the discussions between the researcher and expert, the
second inter-rater reliability was found as 89%. For the reliability of the concept
map analysis, inter-rater reliability was found as 89%. Moreover, in terms of
reliability of the lesson plans, firstly, inter-rater reliability was revealed as 83% and
after the discussions between researcher and expert, inter-rater reliability was
revealed as 100%.

Furthermore, in order to provide significance of interrater reliability Cohen (1960)’s
kappa statistics (or kappa coefficient) was used. Kappa statistics reveals
quantitative measure of the magnitude of agreement between coders (Viera &
Garrett, 2005). Kappa value represents the difference between the observed
agreement and expected agreement, and the value ranges from -1 to 1 scale. 1 shows
perfect agreement. O is related to the agreement expected by chance and negative
values refer to agreement less than chance. Table 3.10 shows the interpretation scale

of kappa value.
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Table 3.10
Interpretation of Kappa Value Source: Viera & Garret, 2005

Poor Slight Fair Moderate Substantial Almost
perfect
Kappa 0.0 20 40 .60 .80 1.0
Kappa Agreement
<0 Less than chance agreement
0.01-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-0.99 Almost perfect agreement

According to results of interrater analysis of case study analysis, Kappa value was
found 0.63, p<0.001 that is statistically significant, and it shows substantial
agreement (Table 3.12). For the interrater analysis of interviews, Kappa value was
found as .83, p<0.001. This measure of agreement is statistically significant, and it
is considered as almost perfect agreement. Moreover, for the interrater analysis of
the field reports, Kappa value was found as .83, p<0.001 which is statistically
significant and shows almost perfect agreement. Interrater reliability analysis using
Kappa statistics showed that there was a consistency between the researcher and
expert for the rubric, and the results were satisfactory to indicate that scoring in the

rubric is valid and reliable.
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3.3.5.5.3 Validity

Validity in qualitative research refers to accuracy of the findings (Creswell, 2007).
In this study, internal validity (credibility) and external validity (transferability)
were provided with several strategies.

3.3.5.5.3.1 Internal Validity (Credibility)

According to Merriam (2009, p.213), internal validity or credibility in qualitative
research deals with the question of “How congruent are the findings of the study?”
To put it differently, internal validity is related to whether or not the researcher is
really measuring what he/she thinks.

In this study, several strategies were used in order to provide credibility of the study.
One is prolonged engagement and persistent observation (Creswell, 2007, p.207).
In order to ensure validity of the findings, the researcher spent time in the field, and
data were collected in three months until the end of the semester. This provided the
researcher to build the feeling trust with the participants. Another strategy for
ensuring accuracy of the findings is triangulation. To strengthen confidence in the
findings, Patton (2002, p.556) suggested four kinds of triangulation strategies which
are “methods triangulation”, “triangulation of sources”, “analyst triangulation” and
“theory/perspective triangulation”. In this study, data were obtained from multiple
sources including essays, case study analysis, interviews, field reports and concept
maps, and the researcher compared findings collected from different data sources.

Another common strategy to ensure internal validity is “peer review” or “peer
examination” (Merriam, 2009, p.220). Peer review includes asking a peer or
colleague to examine some parts of the raw data and evaluate whether

interpretations are appropriate in relation to data. For the preparation of general
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systems thinking skills and data collection sources, the researcher and two experts
in ESD talked and discussed several times. Furthermore, in the data analysis process
one expert in ESD examined some parts of the data and discussed findings and
interpretations. Moreover, researcher position or reflexivity is the strategy which
allows the reader to understand how researcher approaches to the study and
interprets the data (Merriam, 2009). In the previous section (3.2), researcher’s
position for this study was explained in detail. Furthermore, Shenton (2004)
suggested tactics to help ensure honesty in informants as another strategy for
providing credibility. This study was conducted with volunteer participants. They
were informed that there was not right or wrong answer to the questions that they
answered during the data collection process. In this way, participants felt
comfortable while answering the questions and an honest and trustworthy

environment was built in the course.

3.3.5.5.3.2 External Validity (Transferability)

External validity deals with “whether the extent to which the findings of a study
can be applied to in other situations” (Merriam, 2009, p. 223). In other words, it
focuses on whether the findings are transferable to other contexts and how findings
can be generalized (Lincon & Guba, 1985; Miles & Huberman, 1994). In order to
provide transferability of the study to other contexts, researcher should provide a
thick description of the study. Since this study is a single embedded case design
with multiple unit of analysis, researcher explained the cases, data collection tools
and the research process in detail so that the readers can apply findings to their own

particular settings.
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3.3.5.5.4 Confirmability

Confirmability is related to whether the findings reflect the experiences and ideas
of the participants rather than researcher’s preferences and characteristics (Shenton,
2004). According to Shenton (2004) triangulation is one of the ways to reduce
researcher’s bias in the study. In this study, data were obtained from multiple data
collection sources for triangulation. Moreover, the researcher should be aware of
her or his predispositions during the study (Miles & Huberman, 1994). The
researcher explained her background and position in this study in the section 3.3.
Researcher was also self-aware of all possible biases in the study. Moreover,
researcher described all the research process in detail and employed peer review to
ensure that findings were not biased.

3.3.5.5.5 Ethical Issues

Miles and Huberman (1994, p.290) suggest that there are several issues that need
to be considered before, during and after the qualitative studies. There are three
critical ethical issues that need attention during the study which are “informed

99 ¢

consent”, “privacy, confidentiality and anonymity” and “avoidance of harm” (Miles
& Huberman, 1994). Firstly, before the study started, necessary permission was
obtained from the ethical committee in the university in order to conduct this study.
At the beginning of the course, PSTs were given a syllabus of the course, and course
content was explained in detail. Furthermore, they were informed that this course
was a part of the study, and they learnt that they would participate in the research
aspect of the course. However, participants were informed that they had an option
not to participate in the research part of the study. Moreover, for the privacy of the

study it was ensured that nobody could access the data. Participants’ names were
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not used in the study for the anonymity, and they were given pseudo names.
Moreover, there is not any harm or risk to participants in this study. As this course
was usually implemented outside, necessary security issues were considered in

order to prevent any harm or risk to participants.

3.3.5.5.6 Limitations of the Study

There are several limitations that need to be considered so that findings of this study
could be interpreted based on these limitations. This study was employed in an
outdoor based ESD course which was an elective course for pre-service science
teachers, and the study was limited to this course’s context. Therefore, this study
could not be generalized to other contexts. Moreover, this study was conducted with
only eight participants due to the nature of qualitative case study. For this reason,
this study is limited to data obtained from eight participants’ essay writings, case
studies, interviews, concept maps and field reports. Hence, the study could not be
generalized to larger samples. Moreover, this study is not an ethnographic or
longitudinal study therefore, it could not be claimed that participants’ life has
changed through the study. A follow-up study could be conducted in order to reveal
the reflections of systems thinking in participants’ social and professional life.
Another limitation could be related to time constraints. This study was employed in
one semester course. However, in order to reveal STS development process of the
participants in the long term, the course could be implemented for a longer time.
The next section presents the results of the study.

Researcher’s bias could be considered as another risk that this study carries. As
researcher of this thesis has many experiences related to outdoor education, ESD
and holds her own perspectives, dispositions and beliefs. Therefore, in order to
reduce researcher bias in a study reflexivity has been suggested. Johnson (1997)
pointed out that through reflexivity researcher describes his/her self reflection
related with potential biases and predispositions. Thus, researcher becomes self-
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aware of potential biases and try to control them in the study (Johnson, 1997). The
researcher accepts that her personal view, her background and her experiences
could have an effect on her role in this thesis. Therefore, she described her
background in the researcher position part and at the end of the discussion section.
Besides, she got feedbacks from her supervisor and her colleaugues to prevent any
possible bias and increase validity of the study.

131



CHAPTER 4

RESULTS

This chapter brings the results of three phases of the thesis together; thus, it is
comprised of three major parts as: the results of gap analysis, the pilot study and
the main study. This chapter also highlights how PSTs reflect their systems thinking
skills to instructional planning under the light of the outdoor ESD course they

participated in. Accordingly, the flow chart for the results of the thesis is presented

in Figure 4.1.
/
Finding the Gap: +RQ1: What are the required competencies for science
Theoretical and Tangible teachers to become ESD educators?
o
/
. *RQ4: What is the quality and validity of the
Sealing the Gap: Results of developed systems thinking measurement tools?
the pilot study «RQ5: What is the current level of systems thinking
skills of PSTs?
o
/
) o *RQ6: How can PSTs' systems thinking skills be
Developing Systems Thinking developed through the outdoor based ESD course?
Skills: Results of the Main *RQ7: To What extent do PSTs reflect their systems
Study thinking skills to instructional planing under the light
of outdoor ESD course?
-

Figure 4.1. Flow of the Results
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4.1 Finding the Gap

4.1.1 Theoretical Part

Theoretical part for the Gap Analysis is presented under two headings as
Determining the need: Competencies for Science Teachers and ESD educators and
Detecting the gap: Current competencies of science teachers versus required
competencies of ESD educators.

4.1.1.1 Determining the Need: Competencies for STs, EE, ESD Educators

The competencies of STs were determined through three main documents. The first
is the one that belongs to National Science Teacher Association (NSTA, 2012),
which reports the standards for science teacher preparation in the USA. The second
document is the research report written by Nezvalova (2007) on the competencies
of constructivist science teachers. The third one belongs to National Research
Council (NRC, 2012) that reports a new SE framework for K-12.

NSTA (2012) determined standards for science teachers’ preparation as including
different components such as having science content knowledge, using effective
teaching methods to develop students’ knowledge (content pedagogy), and
planning appropriate learning environments for students. In the same manner,
Nezvalova (2007) described basic competencies that especially constructivist
science teachers should demonstrate. These competencies included for instance,
understanding content knowledge, teaching nature of science, general skills of
teaching and using effective assessment tools. NRC (2012) on the other hand,
created a new framework for K-12 science education that focused on science,
technology and engineering. This new framework included three major dimensions

which are scientific and engineering practices, crosscutting concepts that combine
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science and engineering and core ideas in four fields which are physical science,
life sciences, earth and space sciences and engineering, technology and applications
of science. The first dimension is related to science practices to investigate and build
models, theories and engineering practices to design and build systems. Second
dimension which is cross cutting concepts which are patterns, cause and effect,
scale, portion, property, system and systems model, energy and matter, structure
and function, stability and change (NRC, 2012, p. 84). It is reported that these
concepts enable students to make connection among various disciplines. The third
dimension is related to disciplinary core ideas to teach students the sufficient core
knowledge. This framework also has reflections for science teacher education. In
the report, it is stated that teachers should be prepared to achieve this new
framework. For instance, science teachers should have strong scientific
understanding and they should know how to develop students’ scientific and
engineering practices, cross-cutting concepts, core ideas. That is to say, teachers
should have specific pedagogical knowledge to support students’ learning and they
should know assessment approaches to measure students’ thinking

The competencies for science teachers determined by NSTA (2012) and Nezvalova
(2007) hold similar points (Table 4.1). For example, content knowledge of science,
professional knowledge and skills, safety and welfare are the common
competencies addressed in two documents. When the competencies given in Table
4.1 are evaluated critically, two major features were found related to the
competencies of science teachers: 1. Science teachers’ competencies are related
only to cognitive aspects (knowledge, professional development and teaching
skills), except ethical aspect of the competencies is included (under the title of
safety) in the NSTA (2012) document. It is reported that; “effective science teachers
design and demonstrate activities in a P12 classroom to demonstrate ethical
decision making with respect to the treatment of all living organisms in and out of
the classroom” (NSTA, 2012, para.4). This feature related to Science teachers’

competencies is also reported by Kauertz, Neumann and Haertig (2012), according
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to the authors, for most of the cases, competencies are evaluated from cognitive
domains and the affective domains are neglected. 2. There are a few items related
to ESD competencies. For instance, in both documents (NSTA, 2012 and
Nezvalova, 2007) it is emphasized that effective science teachers should promote
knowledge and respect to all living things in the classrooms. However,
competencies explored in the new framework of SE prepared by NRC (2012)
included different items such as developing scientific and engineering practices,
cross-cutting concepts and core ideas. The framework addresses several
components related to systems thinking like patterns, flows, cycles and systems
models for developing engineering design projects. Nevertheless, specific

competencies for STs are not emphasized directly in this report.

The competencies for ESD educators (Table 4.1), however, are given by United
Nations Economic Commission for Europe (UNECE 2011), depending on
UNESCO (1996) framework. These include three essential characteristics of ESD:
1. Holistic approach 2. Envisioning change: past, present and future 3. Achieving
transformation. The first characteristic which is holistic approach incorporates
three interrelated components which are integrative thinking, inclusivity and
dealing with complexities. Integrative thinking reflects systems thinking as a
valuable tool. That is to say, integrative thinking or systems thinking emphasizes
complex relationships among natural, social and economic systems and local and
global aspects, different culture and different worldviews and the impact of today’s
decisions on the future. Inclusivity is related to embracing different perspectives
and worldviews to create a sustainable future. Teachers should be aware of their
own worldviews. Dealing with complexities is related to empowering students to
realize connections between different concepts and ideas. Another essential
characteristic is envisioning change: past, present and future that includes three
components: learning from the past, inspiring engagement at present and exploring

alternative futures. Learning from the past refers to critical analysis of past
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developments, their causes and consequences. Inspiring engagement at present
emphasizes that ESD should encompass not only future generations’ needs, but also
all people’s needs at present. 3. Exploring alternative futures is related to
encouraging students to explore new pathways and create new vision for a
sustainable future. The last characteristic is achieving transformation that includes
three components, as well which are transformation of the meaning of an educator,
transformation of pedagogy and transformation of the education system as a whole.
Transformation of the meaning of an educator emphasizes that educators should be
open to change in their own practices. Transformative pedagogy is related to
developing students’ creativity and encouraging them to imagine alternative ways
of living. Finally, transformation of education system addresses the change in
formal education system and educators should be open to change and
transformation.

In addition, the competencies for ESD educators reflect the set of categories
determined by UNESCO (1996) which are learning to know, learning to do,
learning to live together and learning to be. The three competencies determined by
UNECE (2011) are clustered under these four categories. Learning to know is
related to understanding the role of the educator in the society. Learning to do refers
to developing practical skills for ESD, and learning to live together is related to
developing cooperation, partnership and interdependence. Finally, learning to be
emphasizes the personality, autonomy and social responsibility related to
sustainability. The remarkable point in ESD educator competencies determined by
UNECE (2011) is that they include all learning domains such as cognitive, affective
and action based ones. In other words, these competencies reflect the holistic nature
of ESD and therefore, ESD educators should possess all domains of competencies.
All the required competencies for science teachers and ESD Educators explored in

the documents are presented in (Table 4.1)
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Table 4.1

Summary of the Required Competencies for Science Teachers and for ESD Educators: Literature Review

Domains of Competencies for STs

Domains of Competencies for ESD educators

NSTA (2012) NRC (2012) Nezvalova (2007) UNECE (2011)

1.Having content 1. Having strong scientific 1. Understanding of 1.Holistic Approach

knowledge of science  understanding science content a. Having integrative thinking/systems
thinking and providing an integrative
approach
b. Inclusivity (embracing different
perspectives)
c. Dealing with complexities (providing
students to engage in various concepts and
ideas such as poverty and climate change)

2.Using effective 2. Developing students’ 2. Teaching the nature 2. Envisioning change

teaching methods scientific and engineering of science and history A .Learning from the past (critically analyze

(pedagogy) practices and cross-cutting of science and understand the root causes of the past

concepts such as patterns,
cause-effect, and systems
model and core ideas.

developments)

b. Inspiring engagement at present
(emphasizing the needs of people at present
and also the needs of future generations)

c. Exploring alternative futures (addressing
approaches to positive futures for human and
nature)




8T

Table 4.1 (Continued)

NSTA (2012)

NRC (2012)

Nezvalova (2007)

UNECE (2011)

3.Planing suitable
learning environments

4.Maintaining safety
procedures in the class

5.Demonstrating the
impact of science
course on students’
learning

6.Developing
professional
knowledge and skills

3. Having specific

pedagogical knowledge to
support students’ learning

and assessment
approaches to measure
students’ thinking

3.Using scientific
inquiry

4.Demonstrating
general skills of
teaching

5. Planning and
implementing an
active curriculum

6. Using effective
assessment strategies

3.Achieving transformation of people, pedagogy
and education systems

a. Transformation of what it means to be an
educator (e.g., building positive relationship
between educator and learner)

b. Transformative approaches to learning and
teaching (e.g., creating opportunities for learners
to imagine alternative ways of living.

c. Transformation of education system (e.g.,
being open to change, having collaborative
skills)




4.1.1.2 The Situation in Turkey: Current State of the Art

In Turkey, the required competencies of science teachers were determined by Ministry
of National Education through a report prepared in 2008. According to Turkish
Science Teachers’ competencies report (MoNE, 2008), science teachers’ main
competencies are categorized in five components and 24 sub-components as presented
in Table 4.2.

Similar to the above mentioned documents related to science teachers’ competencies
(Nezvalova, 2007; NSTA, 2012), most of the Turkish science teachers’ competencies
reported by MoNE (2008) are related to cognitive aspects such as general teaching
and planning skills, scientific understanding and the relationship with the society
(Table 4.2). Although they are not listed directly, the competencies given by MoNE
(2008) contain several affective aspects which are “to increase students’ wonder of
recognizing and examining the nature” (p.5) and “to cooperate with the families to
develop students’ environmental awareness and scientific literacy” (p.10). In the
document, it is emphasized that teachers are able to cooperate with community and
families and develop projects in order to meet the social, economic and educational
needs of the community in which the school is located. Nevertheless, there are still a
few items related to ESD in the established competencies for Turkish science teachers
(Table 4.2).
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Table 4.2

Competences of Turkish Science Teachers (MoNE, 2008)

Main Sub-Components Description
Components
This content is
To be able to plan the teaching related to planning
1.Planing and process according to teaching program  and organizing
organizing To be able to organize learning science and
learning and environments according to teaching technology teaching

teaching process

2.Scientific,
technological and
social
development

program
To be able to utilize teaching
materials and sources to support
teaching process

To increase students’ curiosity to
examine their environment and
develop sensitivity

To develop students’ science process
skills

To develop students’ understanding
of nature of science and history of
science

To develop students’ critical thinking
skills

To be able to develop students’
problem solving skills

To help students to be able to use
scientific and technological concepts
correctly and efficiently

To help students to be able to
interpret the relationship between
science and technology

To help students to be able to reflect
Atatiirk’s views and thoughts about
science

To develop students’ understanding
about the relationship between
science, technology, environment and
society

To take safety precautions in the
science and technology teaching
environment

To create activities suitable for the
students with special needs and
special education

process, learning
environment and
using materials and
sources for the
teaching process.

This content is
related to helping
students to recognize
and examine their
environment,
developing their
science process
skills, understanding
the nature of science
and history of
science, critical
thinking skills and
problem solving
skills, etc.
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Table 4.2 (continued)

Main
Components

3.Monitoring and
evaluating
development of
students

4. The
cooperation
among school,
society and
family.

5.Professional
Development

Sub-Components

To monitor students’ development
To evaluate the date obtained from
measurement tools

To cooperate with the families for
students’ development about the
subjects they need in their daily life
such as environmental awareness and
scientific literacy

To cooperate with the society to create
culture and learning center in the
schools.

To be a leader in the society

To increase students’ awareness about
the importance of national festivals
and ceremonies

To determine professional
competencies

To develop individual and
professional development about
science teaching

To utilize scientific research methods
for professional development

To benefit from information
technologies for professional
development and communication

Description

This content is
related to monitoring
and evaluating
students’
development in the
teaching process

This content is
related to
cooperation with the
families, developing
leadership in the
society, creating
culture and learning
center and
organizations and
ceremonies in the
schools

This content is
related to teachers’
professional
development in order
to support the
teaching process
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4.1.1.3 Detecting the gap: Competencies of STs versus Competencies for
ESD Educators

Competencies defined for science teachers are listed in Table 4.1 and Table 4.2
along with those for ESD educators. Table 4.3 displays the comparison of science
teachers and ESD educators’ competencies as well as the gaps between these
competencies. The gaps listed in Table 4.3 are composed of three headings which
are holistic approach, envisioning change and achieving transformation which are
the categories determined by UNECE (2011) for ESD educators stand for the gap
between the competencies of science teachers and ESD educators. In summary,
competencies for science teachers determined by NSTA (2012), Nezvalova (2007)
and MoNE (2008) and competencies for ESD educators (UNECE, 2011) are
completely different. However, the new SE framework prepared by NRC (2012)
includes several items that are relevant to characteristics of ESD (Table 4.3). In the
report, it is implied that future science teachers should be prepared to teach these
items. For instance, NRC (2012) focuses on realizing the interrelationship among
science, engineering and technology, understanding complex systems and
developing systems thinking in engineering projects. UNECE (2011) also
emphasizes the interrelationship among natural, economic and social systems, and

systems thinking is seen as a key competency for ESD educators.

In general, competencies of science teachers do not include characteristics of ESD
such as holistic approach, emphasizing the relationship among environment,
society and economy, considering the relationship among past, present and future,
understanding different groups, cultures (building empathic relationship) or being
open to transformative learning and teaching approaches. In particular, systems
thinking skill is one of the competencies for ESD educators that is needed to be
emphasized since it is a component of holistic approach. Systems thinking is also

addressed as an essential skill in SE research to be able to see the bigger picture,
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think holistically and build interconnectedness with the earth (e.g., Assaraf &
Orion, 2010; Batzri et al., 2015; Littledyke, 2008).

In conclusion, it can be inferred that systems thinking is not the main issue of
science teachers’ competencies. That is, the results of the gap analysis show that a
holistic approach through systems thinking is the major gap between the

competencies set for ESD educators and those of science teachers.
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Table 4.3

The Gaps between Required Competencies for STs and ESD Educators

Characteristics of The inclusion of ESD competencies The Gaps
ESD determined by in the reports (NSTA, 2012; NRC,
UNECE (2011) 2012; Nezvalova, 2007 and MoNE,
2008)
1.Holistic a. NSTA (2012): not included NSTA (2012),
Approach b. Nezvalova (2007): not included Nezvalova (2007)

a. Integrative
thinking/systems
thinking

b. Inclusivity

c. Dealing with
complexities

2. Envisioning
change

a. Learning from
the past

b. Inspiring
engagement at
present

c. Exploring
alternative futures

3.Achieving
transformation of
people, pedagogy
and education
systems

a. Transformation
of what it means to
be an educator

b. Transformative
approaches to
learning and
teaching

c¢. Transformation
of education system

c. MoNE (2008): not included
d. NRC (2012): Included several
items:

e Interrelationship among
science, engineering and
technology

e Understanding complex
systems

e Earth consists of
interconnected systems

e Developing systems thinking
in engineering projects

a. NSTA (2012): not included

b. Nezvalova (2007): not included
c. MoNE (2008): not included

d. NRC (2012): Included several
items:

e Thinking about the future
energy supplies coming from
renewable sources

e Considering our choices to
reduce our impact on natural
sources

a. NSTA (2012): not included

b. Nezvalova (2007): not included
c. MoNE (2008): not included

d. NRC (2012): Included an item
related to personal choices

e Considering the impact of
everyday choices

and MoNE (2008)
don’t refer to
competencies related
to holistic approach.
NRC (2012) implied
several competencies
related to holistic
approach.

NSTA (2012),
Nezvalova (2007)
and MoNE (2008)
don’t refer to
competencies related
to envisioning
change.

NRC (2012) implied
several competencies
related to envisioning
change.

NSTA (2012),
Nezvalova (2007)
and MoNE (2008)
don’t refer to
competencies related
to achieving
transformation.

NRC (2012) implied
a competency
(considering our
choices) related to
achieving
transformation.
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4.1.2 Tangible Part: Turkish SE and ESD Researchers’ Opinions on the

Competencies of STs

The purpose of the tangible part of gap analysis is to explore and confirm how the
gap found between the competencies of science teachers and ESD educators is
compatible with the current practice. SE and ESD researchers were interviewed for
this purpose. Accordingly, tangible part included the interviews conducted with five
SE and ESD researchers through the questions presented in methodology section
3.3.1.3 to investigate their opinions related to required competencies of Turkish
science teachers and required competencies for being an ESD educator. The
interviews were analyzed through content analysis and the results are presented

below.

4.1.2.1 Required Competencies of Science Teachers in the 215 century in the
Words of Scholars

SE and ESD researchers were asked about their ideas on the competencies science
teachers should hold in the 21% century. Eight categories emerged as a result of the
content analysis of the SE and ESD researchers’ answers. The first five of the eight
categories were the ones explored in the literature (e.g., MONE, 2008; Nezvalova,
2007; NSTA, 2012) which are subject matter knowledge, pedagogical knowledge,
technology knowledge, nature of science and problem solving skills. Yet, new
categories emerged during the data analysis such as affective components, planning
environmental education and holistic perspective (Table 4.4). According to
frequencies presented in Table 4.4, the most frequently mentioned competency
stated by the participants was holistic perspective. Competencies that science
teachers should have in the words of SE and ESD researchers are presented in Table
4.4,
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Table 4.4

The Competencies for Science Teachers in the Words of Scholars

Category Sample Statements Frequency
Subject Matter P3: First, science teachers should have good subject 4 (P1, P3,
Knowledge matter knowledge. Pedagogical knowledge is one of P4, P5)
the important competencies, as well. Teachers
Pedagogical should know how to teach the subject according to 3 (P3, P4,
Knowledge grade level, and they should know which methods P5)
they should use.
Technology P2: Science teacher should have knowledge about 4 (P1, P2,
Knowledge how to use technological tools in the classroom. P3, P4)
P5: In addition to subject matter knowledge, 3 (P1, P2,
Nature of Science science teachers should have an idea about the P5)
history of science. Chemistry, physics and biology
are not separated subjects and a science teacher
should be aware of history of science and
philosophy of science.
Holistic P1: Science teachers should teach science subjects 5 (P1, P2,
Perspective in a holistic way instead of separating them into P3, P4,P5)
parts in order to see the whole picture of the
systems.
P1: Science teacher should teach students how to 2 (P1, P2)
Problem Solving  solve real life problems, and they should help
students understand problems’ scientific
background and their impact on the environment
and human.
Affective P3: Science teachers should also teach students how 2 (P2, P3)
Components to be a responsible citizen through the values like
sharing, honesty, justice and sincerity.
P5: In the 21° century, environmental problems 1 (P5)
Planning started to increase; therefore, science teachers
Environmental should have an understanding and view about
Education environmental education, and they should know

how to increase students’ environmental literacy.
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4.1.2.2 Competencies of Science Teachers to become ESD Educators: in the
Words of Scholars

SE and ESD researchers were asked about the competencies science teachers should
have to become ESD educators. Categories for the second question of the tangible
part were similar with those suggested by Sleurs (2008) and UNECE (2011). Eight
categories including cognitive and affective aspects were subject matter knowledge
for ESD, pedagogical content knowledge for ESD, pedagogical knowledge for
ESD, problem solving, citical thinking, holistic perspective, affective components

and environmental awareness.

Among the above mentioned categories, the most frequently stated one for science
teachers to become ESD educators was holistic perspective. Yet, affective skills,
environmental awareness and critical thinking have also been mentioned by one or

two participants such as P4 (Table 4.5).
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Table 4.5
The competencies of science teachers to become ESD educators in the words of scholars

Category Sample Statements Frequency
Subject Matter P1: In addition to subject matter knowledge (physics, 3 (P1, P4,
Knowledge chemistry and biology), a science teacher should also P5)
for ESD know about economy, society and culture. In addition,

in order to teach about sustainability, a science teacher
Pedagogical should know the community culture and should 3 (P1, P2,
Knowledge provide appropriate learning conditions. P5)
for ESD

P5: For example, there is a plastic bag problem
Cooperation because people are using too many plastic bags. 3 (P3, P4,
and Students should understand social, economic, P5)
Networking environmental and cultural aspects of the problem and

be leaders for a change in the society. Therefore,

teachers are required to encourage students to develop

cooperation among themselves, their school and the

community.
Problem P1: Science teachers should have problem solving 1(P1)
Solving skills. They should be aware of real life problems that

students might experience in daily life.

Critical P2: Science teacher should explain real life problems 1(P2)
Thinking and be capable of discussing possible solutions. | mean
that an ESD educator should have critical thinking
skills.
5 (P1, P2,
Holistic P4: STs should know not only physics, chemistry,  P3, P4,
Perspective biology but also they should be aware of environment, P5)

technology. They should think in a holistic way.

Affective P4: If a science teacher becomes an ESD educator, at 2 (P2, P4)
Components first he/she should want this from the heart. This is
(values, very important because ESD needs too much time,

attitudes etc.)  love and willingness.

Environmental P4: First, science teachers should have environmental 2 (P3, P5)
Awareness awareness. Science teachers should be aware of the
environment and should sacrifice for the environment.
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4.1.2.3 Turkish Science Teachers’ Position as ESD Educators in the Words
of Scholars

All five participants’ answers for the question related to Turkish science teachers’
position as ESD educators were similar: “Turkish science teachers do not hold the

competencies for being an ESD educator”. Example excerpts are presented below:

P4: I don’t think science teachers in Turkey hold the competencies for being
an ESD educator. According to my observations, they don’t know what
sustainability is, and they could not define the concept of ESD. Although
there are several attempts in Turkey to realize ESD such as integrating
sustainability into elementary science education program and research on
ESD at universities and several implementations by NGOs, there are no
attempts to develop science teachers’ competencies in line with ESD.
Therefore, | do not think science teachers in Turkey are ready to become
ESD educators.

P5: 1T don’t think so because science teacher education programs do not
include ESD. There are some courses at universities, but they are not
sufficient. Teachers at universities do not have enough knowledge about
sustainability, and they do not know how to teach it.

As far as the opinions of the scholars participated in this study are concerned,
competencies of ESD educators that science teachers should have are subject
matter knowledge, pedagogical knowledge, cooperation and networking, problem
solving, critical thinking, holistic perspective, affective aspects (values, attitudes
etc.) and environmental awareness (Table 4.5). Moreover, in line with the related
literature (Assaraf & Orion, 2010; Sleurs, 2008; UNECE, 2011), all the scholars
emphasize the importance of holistic perspective in SE as well as for ESD. Besides,
according to the scholars of this study, science teachers should interpret the science
subjects by considering the components of sustainability and the relationships
among them, encouraging students to think about the components as presented in

the quotation below:
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P4: Science teachers should not only know physics, chemistry, biology but
also environment and technology issues and should be capable of making
conncetions among them.

4.1.2.4 Summary of the Gap Analysis Results

Ultimately, the results of content analysis of the interviews with Turkish SE and
ESD scholars (tangible part) support the results of the theoretical part which
suggests that the major competence science teachers required to have in the 21%
century is holistic perspective, and that it is critical to grow competent science
teachers for ESD. Furthermore, although the participants were not mentioned
explicitly, the researcher interprets the overall outcome of the interviews as the
major requirement for a science teacher to become an ESD educator is to have and
convey systems thinking skills.

Systems thinking is related to seeing the whole picture, building interrelationships
among the components of a system and understanding a phenomena in an integrated
way (Senge, 2006; Sterling, 2003; Tilbury & Cooke, 2005). Similarly, ESD requires
the facilitator to critically understand and evaluate the environmental, social,
economic dimensions of the issues (Littledyke & Manolas, 2010). Likewise,
understanding a natural system requires understanding the interrelationships among
the earth systems and the human uses (Assaraf & Orion, 2010; Hmelo-Silver,
Marathe & Liu, 2007). That is to say, if the issue is water cycle, a science teacher
with systems thinking skills is expected to convey the knowledge that water quality
and quantity in our taps are related to the amount of green house gases emitted to
the atmosphere through our activities (such as mass production of meat and
transportation) and also related to the sea level rise and climate refugee problem in
Pacific Islands. In order to understand climate change and its impact on our planet
and people’s lives, students should be familiar with climate as a system (Shepardson
et al., 2014). Instead of a linear understanding of a climate change as many science

educators or environmental educators do, Shepardson et al. (2014) drew attention
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to systems thinking or systemic understanding of the climate. Therefore, gap
analysis results reflect on the importance of systems thinking for science teachers
and ESD educators.

4.2 Sealing the Gap: Results of the Pilot Study

As displayed in Figure 3.1, pilot study was designed to test data collection tools, to
implement field trips and to determine PSTs’ current level of STS. Accordingly,
the pilot study was carried out with 29 PSTs as a part of the course titled as
Environmental Science in 2013-2014 Spring Semester. Through the pilot study, 29
PSTs participated in two field trips in the context of “Sustainable Use of a Surface
Water Body (lake) and “Transforming Waste to Wealth”. Pilot data were collected
through five tools as introduced in the previous section and STS has been measured
through the tools (Table 4.6). In the pilot study, the quality and validity of five tools
were tested and current systems skills of PSTs were determined. Results of the pilot
study, therefore, are presented in line with the sequence of implementing the data

collection tools introduced in the methodology section-3.3.2.2.
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Table 4.6
The Tools and Corresponding STS Measured in the Pilot Study

Essay Case The First  The Second Field  Concept
Study Interviews  Interviews Reports  Maps

STS-1 (Identifying \ \ \ \
aspects of

sustainability)

STS-2 (Seeing \ \ \ \

nature as a system)

STS-3 (Identifying

components of a \ \ \ \ \
system)

STS-4 (Analyzing V \ V V
interconnections)

STS-5

(Recognizing \ V V V
hidden

dimensions)

STS-6

(Recognizing own V \
responsibility)

STS-7

(Considering S

relationship

between past-

present and future)

STS-8

(Recognizing \ \ \
cyclic nature)

STS-9

(Developing \ V

Empathy with

people)

STS-10

(Developing V

Empathy with

non-human

beings)

STS-11

(Developing sense V

of place)

STS-12 (Adapting

systems thinking N

perspective to

personal life)
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4.2.1 Essay Writing

Essay writing data of the pilot study were collected at the beginning of the course
to measure the skill related to seeing nature as a system (STS-2) and the data were
analyzed based on the themes and categories determined based on the coding
booklet and the rubric developed by the researcher (Appendix E-F). Analysis of
essay writing provided the researcher with two outcomes. Firstly, it was understood
that STS-2 could be measured through one tool including one question (“What does
a tree mean to you?”). In addition to integral ecology theme, researcher added
another theme which is human-nature relationship to analyze writings in a more
comprehensive way and evaluate STS levels of participants (mastery, developing,

emerging and pre-aware).

Secondly, current level of STS-2 of PSTs was measured before the main study was

conducted. Table 4.7 summarizes the results of essay writing.
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Table 4.7

The Results of Essay Writing Analysis in the Pilot Study

The Tool: Essay writing

STS

Themes and Categories

PSTs

Sample Statements

STS Level

STS-2:
Seeing
Nature as a
System

1.Integral Ecology

la. Identifying two
aspects of integral
ecology (e.g.,
behavioral (source of
oxygen, wood, food)
and experience
(family)

1b. Identifying one
aspect of integral
ecology (e.g.,
behavioral (source of
heat, food)

2.Human-Nature
Relationship
(HNR)

2a. Holistic view

2 b. Mechanistic
view

12 PSTs

17 PSTs

PST12: Trees are like a family. When
one person is absent in a family, this
affects the whole family. This is the
same for trees. Destruction of one tree
influences the whole world. Trees
provide oxygen, food, shelter for many
species. Destruction of the trees gives
harm to the whole balance in the world.

PST4: Trees are source of life. Trees
don’t have only one function. Trees
hold an important place in our life. We
are benefiting from trees in everything
such as food, heating, paper and
breathing.

Developing

Emerging




According to results of the data analysis of the essays written by 29 participants,
STS level of 12 participants were found as developing based on the rubric
(Appendix E). That is, these participants’ STS level was found in the category of
identifying two aspects of integral ecology based on the theme of integral ecology.
They described nature in terms of technical point of view such as trees as source
of oxygen (behavioral), food and subjective perspective such as trees are like a
family (experience). Their STS level was also found in the category of holistic view
based on the theme of human-nature relationship. They noted that trees protect the
natural balance in the Earth. On the other hand, 17 participants’ STS level was
found as emerging. That is, their STS level was found in the categories of
identifying one aspect of integral ecology and mechanistic view. They explained
nature in terms of technical point of view such as trees as source of heat or
subjective point of view such as trees as source of joy. Furthermore, they mostly
emphasized trees from a mechanistic view rather than describing a tree as a living

system. Therefore, their level of STS-2 was evaluated as emerging.

In conclusion, results of the essay writing presented two outcomes. First, the results
gave an idea about PSTs’ current level of STS (seeing nature as a system). Second,
the results supported that essay writing could be used as a tool to measure PSTs’
STS in the context of SE and ESD. The reason for that is the responses to the
question of “What does a tree mean to you?” provided rich information regarding
participants’ skills. Furthermore, data analysis of participants’ writings gave
information about the components of integral ecology and interpretation of human-

nature relationship, and thus, enabled the exploration of PSTs’ level of STS.
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4.2.2 Case Study

Case study analysis during the pilot study enabled the researcher to test the case as
a tool to measure three STS (STS-1, STS-3 and STS-4) and to evaluate the current
STS levels of PSTs based on the rubric. Table 4.8 presents the themes, categories,
rubric levels and sample statements related to data analysis of the cases. Figure 4.2
provides all participants’ STS levels in the case study analysis. The case (Corum
Agricultural Land-Unfilled Emptiness) was related to the deterioration of
agricultural lands by the companies for the brick production and the impact of this

issue on people and environment.
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Table 4.8

The Results of Case Study Analysis in the Pilot Study

Case Study Analysis

STS Themes and Categories # of Sample Statements STS
PSTs Level
Aspects of Sustainability PST2: The company is taking villagers’ land Mastery
2 PSTs Dbecause they want to meet the demands of people
a.ldentifying all aspects of cities. Villagers are selling their land and move to
sustainability (e.g,. environmental cities and become consumers because health and
(destruction of the environment), education are not good in the village. The
STS-1: social (local people’s right to live) population is increasing in the cities and
Identifying and economical (production) production is decreasing. Thus, they become a
aspects of consumer in the cities. Furthermore, we do not like
sustainability the company because they destroy the
environment. On the other hand, they need raw
material to maintain their production.
b.ldentifying one aspect of PST1: This case is the story of selfish people who
sustainability(e.g., environmental 17 PSTs are destroying our environment for their own Emerging

(destruction of the environment)

benefits. These people do not have sustainable
development awareness. They have short term
thinking.
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Table 4.8 (Continued)

Case Study Analysis
STS Themes and Categories # of Sample Statements STS Level
PSTs
Components of asystem 2 PSTs  PST2: The company is taking villagers’ land as they want ~ Mastery
a.Multiple Components to meet the needs in the cities. Villagers are selling their
STS-3: (e.g., company, villagers, land and move to cities and become consumers because
Identifying cities, environment etc.) health and education are not good in the village. The
components of population is increasing in the cities and production is
a system decreasing. Thus, they become a consumer in the cities.
Furthermore, we do not like the company because they
destroy the environment. On the other hand, they need
raw material to maintain their production. For me, people
could be more responsible individuals and prefer living in
a simple way.
STS-4: Interconnection among 10 PSTs PST-11: This is a sad story. | am sure that there are many  Pre-aware
Analyzing the aspects of stories like this in other places. This case shows that we
interconnections _sustainability don’t think about the future, and we don’t know what
among the a.No interconnection sustainability is.
aspects

sustainability




STS-1: Identifying
aspects of
sustainability

Mastery (2 PSTs)

Developing (9
PSTs)

Emerging (17
PSTs)

Pre-aware (1
PST)

STS-3: Identifying
components of a
system

STS-4: Analyzing

interconnections
among aspects of

sustainability

Mastery (2 PSTs)

Mastery (2 PSTs)

Developing (6
PSTs)

Emerging (16
PSTs)

Pre-aware (5
PST)

Developing (6
PSTs)

Emerging (11
PSTs)
Pre-aware (10
PSTs)

Figure 4.2 Participants’ STS levels based on the Case Study Analysis Results

Results of case study analysis revealed that participants have different levels of
STS. According to the data presented in Table 4.8, only two participants had the
category of identifying all aspects of sustainability. She evaluated the case in terms
of social, economic and environmental aspects of sustainability. She referred to
how destruction of agricultural lands influences people’s economic and social
lives. Therefore, her level of STS was evaluated as mastery. 17 participants, on the
other hand, were in the category of identifying one aspect of sustainability. These
participants highly emphasized environmental aspect of sustainability such as
destruction of the environment by the factories and companies. Therefore, their
level of STS was found as emerging. Only one participant’s level of STS was found
as pre-aware (Figure 4.2). That means that most of the participants have an idea

about what sustainability is.

As far as the situation for the skill for identifying components of a system (STS-3)

is considered, eight participants’ level was found in the category of multiple
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components. That is, these participants described the case as encompassing several
components such as factories, company, agricultural lands, cities etc. Their level
of STS was found as mastery or developing based on their explanations. On the
other hand, 16 participants’ level of STS was found in the category of single
component and as emerging. That is, they evaluated the case from a single point of
view such as villagers living in the area or destruction of the agricultural lands.
Five participants could not describe any specific components related to the case;

therefore; their level of STS was evaluated as pre-aware.

Likewise, the results revealed that only two participants’ skill of analyzing
interconnections among the aspects of sustainability (STS-4) was in the category
of Interconnection among the all aspects of sustainability and in the mastery level.
As mentioned before, two participants could define whole aspects of sustainability
and the interactions among the aspects. For instance, PST-2 mentioned that
destruction of the agricultural lands explained in the given case promotes local
people to move to the cities, and this brings new economic problems in the cities.
On the other hand, eleven participants could not make any interconnection among
the aspects of sustainability and their level of STS was found as pre-aware.

Briefly, according to results, most of the participants evaluated the case as
incorporating environmental aspect of sustainability (egg. destruction of the
environment) or sometimes economic aspects. That is to say, they are aware of
what sustainability is, yet they struggled to identify three aspects of sustainability.
They mentioned destruction of the environment because of economic concerns of
the companies frequently instead of emphasizing social, economic and
environmental concerns in the given case. They also struggled to explain how
social, economic and environmental aspects of sustainability are related to each

other and contribute to the problem in the given case.
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In conclusion, results provided an idea about PSTs’ current level of STS (STS-1,
STS-3 and STS-4) and results supported that case study analysis could be used as
a tool to measure STS of the PSTs in the context of SE and ESD. Data analysis of
the participants’ evaluations about the case provided rich information about how
they could determine the components of the case and analyze the case from

sustainability perspective, and thus, PSTs’ level of STS were defined.

4.2.3 Interviews

4.2.3.1 Interview-l

It was attempted to measure six STS (STS-1, STS-2, STS-3, STS-4, STS-5, and
STS-9) through the first interviews which were held with six participants after the
implementation of essay writing and case study analysis. Through conducting
interviews, it was aimed to get detailed information about participants’ STS levels.
Data analysis of the first interview revealed that only one participant’s skills (STS-
1, STS-3, STS-4, STS-9) were found in the mastery level (Table 4.9). Other five
participants’ STS levels were found in different levels (developing, emerging and

pre-aware).
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Table 4.9

Results of the Interview-I

Interviews-I
STS Themes and Categories # of Sample Statements STS Level
PSTs
Aspects of Sustainability 3PSTs P5: It gives harm to sustainability. Developing
a.ldentifying two aspects of Firstly, the land is destroyed because
STS-I: sustainability of the factories. Factories emit CO2
Identifying (e.g., destruction of the environment, and they cause greenhouse effect and
aspects of reduction of the production) global warming. Moreover, this

sustainability

STS-2:
Seeing nature
as a system

1.Integral 2.Human-Nature 4PSTs
Ecology Relationship

la.ldentifying 2a.Mechanistic View
one aspect of

integral

ecology (e.g.,

experience-

childhood

memories)

situation does not allow villagers to
use their land. It reduces production
and harms sustainability in the
agriculture.

P2: Trees remind me a place where |
sit with my friends. When it is rainy,
trees show their beauty, health, peace
and serenity.

Emerging
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Table 4.9 (Continued)

Interviews-I

STS Themes and Categories # of Sample Statements STS Level

PSTs
STS-3: Components of a system 4 PSTs  P5: There are villagers, land and companies Developing
Identifying a.Multiple Components (e.g., that make profit here. There is government,
components of  villagers, company, nature) too. There is policy, nature and land. Land is
a system destroyed. This case includes multiple
aspects.

STS-4: Interconnection among the aspects 3 PSTs P3: For me, it is important to increase Developing
Analyzing of sustainability people’s awareness instead of protecting the
interconnections  a.Interconnection among the two environment with the laws. In Turkey,
among the aspects of sustainability (e.g., people have serious economic problems. In
aspects economy and environment) this case, we see in the case that villagers are

sustainability

selling their land because of their economic
concern. They are right because they
consider the future of their children, but they
don’t think about their grandchildren. They
have short term thinking.
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Table 4.9 (Continued)

Interviews-I
STS Themes and Categories # of Sample Statements STS Level
PSTs
STS-5: Hidden dimensions in a system 3PSTs P4: When | mentioned economically Emerging
Recognizing a.Explaining hidden dimensions powerful people, | did not mean only
hidden (e.g., powerful economy) manufacturers. There is more powerful
dimensions economy here. For example, the government
wants to develop the country and destroy
buildings and build new ones again. This is
the government policy.
STS-O: Empathy with people P1: There is an economic concern. | think... Developing
Developing 3PSTs  what is the need of the villager? How do they
empathy with a.Considering other people’s earn their life? If someone gives more
other human perspectives in a simple way money to t_hem, they want to sell their land.
beings Their aim is to earn their life. If they earned

much more, they would not think like that.




In the first interviews, participants were asked detailed questions related to essay
writing and case study analysis. For instance, they were asked about the components
in the given case as well as the hidden components in the case.

The first skill explored in the first interviews was identifying aspects of
sustainability (STS-1). The data analysis of the interviews revealed that only one
participant among six could identify three aspects of sustainability (environmental,
economic and social) related to given case (Corum Agricultural Land-Unfilled
Emptiness). Therefore, her level of STS was evaluated as mastery. Three
participants, on the other hand, evaluated the case from two aspects of sustainability
(e.g., environment and economy), and their level of STS was evaluated as
developing. For example, P5 mentioned that destruction of the agricultural lands
affects both environment, and economy and it harms sustainability of the
agriculture. Yet, two participants among six only described one aspect of
sustainability (environmental) and their level of STS was found as emerging (Table
4.9).

Another skill explored in the interviews was seeing nature as a system (STS-2):
According to results only one participant among six could describe nature as a
systems by considering technical point of view (behavioral) like trees as source of
oxygen (behavioral) and subjective point of view such as trees in their childhood
memories (experience). She also tried to describe nature from a holistic view, and
therefore, her level of STS was evaluated as developing. On the other hand, four
participants struggled to describe nature as a system. That is to say, they explained
nature in terms of subjective point of view like trees providing peace and beauty for
people. Moreover, they explained nature through mechanistic view instead of
describing nature as a living system. Therefore, their skill was assigned to emerging
level. As one participant could not refer to any particular aspect of integral ecology,

his level of STS was evaluated as pre-aware (Table 4.9).
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Identifying components of a system (STS-3): Five participants evaluated the case
(Corum Agricultural Land-Unfilled Emptines) as including multiple components
such as villagers, companies, government and nature. As they tried to explain
several components related to given case their level of STS was found in the
developing level. On the other hand, one participant explained the case as including
single component (the role of the companies), therefore, her level of STS was

evaluated as emerging.

Analyzing interconnections among the aspects of sustainability (STS-4): Only one
participant among six could analyze interconnection among the all aspects of
sustainability. She evaluated the case by considering the relationship among social,
economic and environmental aspects and her level of STS was found as mastery.
On the other hand, three participants could analyze interconnections among two
aspects of sustainability (e.g., environment and economy). For instance, P5 noted
that villagers make a living through agriculture, therefore, they have economic
concerns, and for this reason they may want to sell their land to the companies.
Three participants’ STS level was evaluated as developing. As one participant could
not refer to any specific interconnection, her level of STS was found as pre-aware.

Recognizing hidden dimensions (STS-5): The results revealed that three
participants struggled to explain hidden dimensions and their level of STS was
found as emerging. Other three participants could not refer to any hidden
dimensions related to case and their level of STS was evaluated as pre-aware. As
presented in Table 4.9 for instance, P-4 mentioned that there is an economic power
which has an influence on the problem in the given case, yet he could not refer to
any other hidden dimensions such as the impact of climate change. Any

participants’ STS level was evaluated as developing or mastery.
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Developing empathy with people (STS-9): Only one participant’s level of STS was
found as mastery since she was in the category of considering other people’s
perspectives in a complete way. Three participants, on the other hand, held the
category of considering other people’s perspectives in a simple way and their level
of STS was found as developing. As presented in Table 4.9 P1 simply explained
that villagers had to sell their land because of their economic concerns and in order
to meet their needs. Two participants, on the other hand considered other people’s
perspective in one side (considering villagers in the given case). Their level of STS

was found as emerging.
4.2.3.2 Interviews-I1

It was aimed to measure twelve STS (STST-1 to STS-12) through the second
interviews and interviews were held with five participants after the two field trips;
1.Sustainable Use of a Water Body (lake) and 2. Transforming waste to wealth.
According to results, any participants’ levels of STS were in the mastery level. Only
P9’s empathy skill (STS-9) was found in the mastery level. Participants’ STS levels
were frequently evaluated as developing and emerging. Table 4.10 presents themes,
categories and STS levels based on the skill measured for the first time in the
second interviews (STS-6, STS-7, STS-8, STS-10, STS-11 and STS-12).
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Table 4.10

Results of the Interviews Il

Interviews-II

STS Themes and Categories # of Sample Statements STS Level

PSTs
STS-6: Recognizing own 1PST P7: | need to draw the attention of the Developing
Recognizing Responsibility students and increase their motivation. |
own really liked going to Eymir and doing
responsibility in  a.Stating own responsibility compost. | remember everything is related to
the system Eymir very well. | reflected it to my life
directly. Therefore, | was really interested in
these topics.

STS-7: Making connections among the 2PSTs P10: I think that Eymir will be protected in  Emerging
Considering the  past, present and future the future because the water is clean. If there
relationship is no drought, Eymir will stay as a natural
among past, a.Considering two time spans environment
present and simply
future
STS-8: Cycling nature of the system 2PST  P11: Nothing is waste in nature. There isa Developing
Recognizing cycle and something we have used before is
cyclic nature of 3 Explaining cycling nature of recycled again
the system the system
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Table 4.10 (Continued)

Interviews-II

STS Themes and Categories # of Sample Statements STS Level

PSTs
STS-10: Empathy with non-human beings 1PST  P8: 1 have always wondered how the fishare  Emerging
Developing affected in the lake in terms of water quality
empathy with a.Considering non-human beings parameters. | wondered what PH s
non-human appropriate for the fish. I have not searched
beings yet, but | was thinking of them.
STS-11: Sense of place 1PST  P9: During my first visit to Eymir, 1 only Developing
Developing — - thought the place as a social activity. Yet,
sense of place ?e"\g/lu;gi';gfgg;&;albisggisgzgl)ace during the field trip, | realized that Lake
e ’ Eymir is a natural place and understood how
it contributes to our life.

STS-12: Personal actions for sustainability =~ 3 PSTs  P9: | try to be careful with my waste. I tryto  Emerging
Adapting a.Simple actions for sustainability identify what is harmful or not. | also
Systems sometimes explain composting process to
thinking people.

perspective to
personal life




According to results of the interview-I1, for example, for the skill of recognizing
own responsibility (STS-6), four participants’ skill was found in the category of
stating own responsibility and in the emerging level and only one participant’s level
of STS was evaluated as developing. For instance, PST-7 expressed that while he
was in Eymir, he realized that there was a connection between his life and Eymir as
a natural system (Table 4.10).

Recognizing cycling nature of the system (STS-8): According to Table 4.10 two
participants among five could explain cycling nature of the system in a simple way.
For instance, PST-11 mentioned that there were cycles in nature and everything was
recycled. She tried to explain cycling nature of the system by giving simple

examples from nature, therefore, her level of STS was evaluated as developing.

Sense of place (STS-11): One participant’s STS was evaluated in the category of
multidimensional sense of place and in the developing level. For instance, PST-9
described Eymir in terms of psychological dimensions such as going to Eymir for
social activities and biophysical dimensions such as realizing Eymir as a natural
place (Table 4.10). Two participants’ STS were found in the single dimensional
sense of place and in the emerging level. They mostly described Eymir in relation
to their personal experiences such as Eymir as a relaxing environment

(psychological).

Adapting systems thinking perspective to personal life (STS-12): Accordingly, the
results revealed that three participants’ level of STS was found in the category of
simple actions of sustainability and as emerging. To be specific, three participants
mentioned about simple actions for sustainability such as reducing waste and
recycling. Two participants, on the other hand, did not mention any particular action

related to sustainability and their level of STS was found as pre-aware.
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Accordingly, two interview results (Interview-I and Interview-11) provided an idea
about current STS level of the PSTs. Moreover, the results supported that interviews
could be used a tool to measure twelve STS of the PSTs in the context of SE and
ESD. Data analysis of the interviews provided in-depth information regarding

participants’ STS and enabled the exploration of their level of STS.

4.2.4 Field Reports and Concept Maps

Two field reports for the trips titled as Sustainable Use of a Surface Water Body
(lake) and Transforming Waste to Wealth were designed as STS measurement tools.
Based on the questions in the field reports, (Appendix D) seven STS (STS-1, STS-
2, STS-3, STS-4, STS-5, STS-6 and STS-8) were attempted to be measured.
Accordingly, data analysis of the field reports revealed that five participants’ STS
levels were found in the emerging or developing levels. According to Table 4.11,
for instance, one participant among five mentioned how his view of nature (STS-2)
changed after the field trip to Lake Eymir. Before the trip he described Lake Eymir
through subjective perspectives such as Eymir as a relaxing and silent place. Yet,
after the trip, he described Eymir as a living system (holistic view) as encompassing

environmental value. Therefore, his level of STS was evaluated as developing.
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Moreover, according to analysis of the field reports, participants struggled to
analyze relationships among the aspects of sustainability. For instance, P7
described multiple components related to Eymir such as government policy, climate
change, and living species; therefore, the level of STS-3 was found as developing.
However, he struggled to explain the interconnections among the aspects of
sustainability (environment, economy). Therefore, his level of STS-4 was evaluated
as emerging. Moreover, participants recognized cycling nature of the system after
the field trips. As displayed in Table 4.11, P8 mentioned that how natural cycles
were destroyed because of unsustainable practices and suggested composting as one
of the solutions to protect natural cycles. As she could recognize cycling nature of

the system (STS-8), her level of STS was found as developing.
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Table 4.11
Results of the Field Reports

Field Reports

STS Themes and Categories # of Sample Statements STS Level
PSTs
STS-2: Seeing  1.Integral 2.Human- 1PSTs  P9: When you first asked me the meaning of  Developing
nature as a Ecology Nature Eymir, 1 only thought of my happiness there,
system Relationship but I realized that I don’t think other living
things’ happiness as they suffer from
la.ldentifying  2a.Holistic environmental pollution. Now, Eymir reminds
two aspects of  View me all the living things and water. | believe
integral ecology that if we don’t realize the importance of
(subjective, living things and continue destroying their
behavioral) life, we will also suffer from its consequences
in the future. (after the field trip)
STS-3: Components of a system 3PSTs P7: In Turkey people are not so much aware  Developing
Identifying - of environmental issues, but | am proud of my
components of a aMultiple components university and I believe that they will protect
system Eymir. In addition to negative government
policies in Turkey, we have another problem:

. . climate change. In Ankara summers are very .
Mg R anend e 2755 ot o, oSy can o s witr ey <01
- . . by day and all living species could be in
interconnections  a.Separated explanation dan

ger.
among the
aspects

sustainability
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Table 4.11 (Continued)

Field Reports

STS Themes and Categories # of Sample Statements STS Level
PSTs
STS-6: Recognizing own 2PSTs  P10: We have to protect the biogeochemical Developing
Recognizing responsibility cycles because we break them. Firstly, we
own should be aware of the importance of water.
responsibility in  a.Not stating own We should not overconsume water and not
the system responsibility pollute water because there is a balance in
nature. Moreover, when we buy a new
product, we should think about its production
process. How much water is used for this
production?  What is the environmental
impact of this product? We should be more
aware of these.
STS-8: Cyclic nature of the system 2 PSTs  P8: Natural cycles never end up. However, Developing
Recognizing people’s unsustainable behaviors damage the
cyclic nature of  a.Explaining cycling nature of cycles. For example, people produce materials
the system the system that are not decomposed in nature such as

plastic. Also, they produce new chemicals
which pollute air and water. These global
problems destroy the natural cycles.
Composting could be a solution. Composting
provides sustainable use of natural resources.




Furthermore, PSTs were asked to draw concept maps in their field reports related
to Lake Eymir. Concept maps were evaluated based on the three STS (STS-3, STS-
5and STS-8) and evaluated based on the concept map rubric (Appendix E). In order
to analyze concept maps, the themes of number of components, connections, hidden
dimensions and complexity were used (Table 4.12). Based on the analysis of
concept maps, two participants’ concept maps were evaluated as developing. In
other words, they showed most of the components and connections related to the
natural system (Eymir). For example, as displayed in Table 4.12 and Figure 4.3,
PST-7 incorporated social, environmental and economic components related to

Eymir and showed connections among these components.

On the other hand, P8’s concept map was evaluated as emerging. That is to say, she
demonstrated several components related to Eymir such as social (e.g., visitors) and
environmental (e.g., trees, animals), yet she could not show relationships among
these components clearly. She did not create a concept map as including complex
relationships (Figure 4.4); instead, she displayed linear, hierarchical relationships
in her map. Table 4.12 presents concept map analysis of two participants and Figure

4.3/4.4 display these participants’ concept map drawings.
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Table 4.12

Two participants’ concept map analysis results (Pilot Study)

PSTs Developing STS: Results of the Concept Maps through Module-I1 STS Level
Themes
Components of the system Hidden # of # of Complexity
Dimensions Components  Connections
PST-7 e.g., Lake Eymir, visitors, e.q.. 26 26 Linear Developing
business, administration, administration relationships.
restaurants, trees, waste etc. Needs to be
developed
PST-8 e.g., Lake Eymir, visitors, No hidden 17 15 Linear shape Emerging
workplace, trees dimension and no

complexity
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Figure 4.4 Concept map drawing (P-8)

In conclusion, results in the pilot study illustrated that systems thinking skills could
be measured through essay writing, case study analysis, interviews, field reports
and concept maps. All the data collection tools showed that PSTs” STS were
especially found in low levels (emerging, pre-aware) and their skills need to be
developed. Furthermore, the results indicated that PSTs who were involved in the
field trips during the course developed their several STS such as the skill of seeing
nature as a system (STS-2). Field trips contributed to their understanding of the
natural systems, human-nature relationships and cycling nature of the system. For
this reason, field trips hold a potential to develop STS levels of the PSTs. Concept
maps also provide additional data about the skill of identifying components and
connections in a system, identifying hidden dimensions and cycling and complex

nature of the system.
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4.2.5 Lessons Learned From Pilot Study

The questions planned to be answered through conducting the pilot study were
related to testing the data collection tools developed for this study, pilot
implementation of the outdoor field trips and determining current level of STSs of
PSTs (Figure 3.1). The lessons learnt in accordance with the above targets
considered are presented in the following section and the readjustments done

according to the lessons learnt are reported.

4.2.5.1 Data Collection Tools

The purpose of the pilot study was initially to test data collection tools. Each tool
was used to measure specific STS as explained in the previous section. For
instance, essay writing was prepared to measure the skill of seeing nature as a
system (STS-2), and at the end of the pilot study, it was understood that STS-2
could be measured through asking one question (““What does a tree mean to you?”)
and requesting PSTs to write an essay about it. Case study analysis was revealed
that three STS (STS-1, STS-3, STS-4) could be measured through asking
participants to evaluate the given case in terms of their opinions and views. Semi-
structured interviews revealed that twelve STS could be measured. The first
interviews measured STS based on the case study analysis and essay writing, and
the second interviews measured STS based on the field trips. The first interview
questions could be developed and more questions could be added in order to

measure more STS.

Furthermore, field reports measured seven STS and provided data about STS level
of PSTs. It was found out that field reports also hold a potential to evaluate STS of
PSTs. For instance, some participants gave much more information in the field

reports.
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Accordingly, researcher decided to use all these data collection tools in the main
study; however, some adjustments were made in the interview questions and case
study analysis in the main study. Case study analysis included more challenging
and complex issues. Furthermore, some interview questions were changed and new

questions were added to be able to measure STS in a more comprehensive way.

4.2.5.2 Field Trips and Field Reports

In the pilot study, there were two field trips and PSTs completed two field reports
related to these field trips. The first one titled as Sustainable Use of a Surface Water
Body (Lake Eymir) included three stages (ecosystem of Eymir, water quality and
human use), and PSTs were asked to choose one of these stages and work with
their group. However, because of the limited time in the lecture (3 hours), PSTs
did not have opportunity to work in each stages of the trip. During the interviews,
they also expressed their concern, and they would like to work in three stages in
order to learn more about the natural system in Eymir. These feedbacks provided
researcher an opportunity to develop field trips before the main study started. In
the main study, the researcher carried out Eymir field trip in four weeks so that
PSTs could have time to examine Eymir from different aspects.

Researcher also developed the second field trip titled as “Transforming waste to

wealth” and included gardening activities as well.

4.2.5.3 Rubric Development

In order to analyze results in the pilot study, researcher developed a rubric to
measure STS. At first, the rubric included three levels (mastery, developing and
emerging); however, through the pilot analysis, the researcher realized that these
three levels were not sufficient to show the STS level of PSTs. With the suggestion
of an expert in ESD, the researcher decided to add a new level which was called as
“pre-aware”. In this way, final rubric consisted of four levels (mastery, developing,
emerging and pre-aware). Data analysis in the pilot study and main study was
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implemented based on the four levels of the rubric. Researcher did not make any

change in the concept map rubric.

4.2.5.4 Participants

In the pilot study 29 PSTs attended in the essay writing, case study analysis and
field trips. Interviews were conducted with eleven participants among 29. In order
to reveal STS profile of each PST, it was decided to study with a small number of
participants in the main study. For this reason, single case embedded design with
multiple units of analysis was decided as the research design of the main study.

4.2.5.5 Current Level of Systems Thinking Skills

Pilot study provided researcher to assess current level of STS of PSTs before the
main study started. As expected, except one or two participants, none of the
participants’ level of STS was found as mastery. Data analysis of the measurement
tools revealed that PSTs do not have a comprehensive sustainability view and
systemic perspective. During the case study analysis and interviews, they struggled
to make connections between the issue, their life, global problems and past, present
and future. When compared to other STS skills, the skills of considering the
relationship among past, present and future (STS-7), developing empathy with
non-human beings (STS-10), developing sense of place (STS-11) and adapting
systems thinking perspective to personal life (STS-12) were frequently found in
the emerging and pre-aware level. Furthermore, pilot study results shed light on
the fact that PSTs’ STS need to be developed.

In conclusion, conducting a pilot study helped researcher realize the challenges in
the current study and find out solutions to them. Furthermore, pilot study increased
researcher’s encouragement, morale and motivation to continue this study. Pilot
study also promoted rigor and trustworthiness of the main study.
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4.3 Results of the Main Study

The main study was designed and implemented in line with the results of gap
analysis as a result of which system thinking skills (STS) was found as the major
requirement for a science teacher to become an ESD educator. Accordingly, the
results of the main study are presented in terms of PSTs’ STS development through
the outdoor ESD course. This chapter, therefore, is comprised of two parts,
answering the research questions:

1. How can PSTs' systems thinking skills be developed through the outdoor based
ESD course?

2. To What extent do PSTs reflect their systems thinking skills for instructional

planning under the light of the outdoor ESD course?
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4.3.1. How can PSTs" Systems Thinking Skills be Developed through the
Outdoor Based ESD Course?

Pre-service science teachers’ STSs were intended to be developed through the
outdoor based ESD course that was designed by the researcher and that is
comprised of three modules (Method-Section 3.3.5.2). The results obtained from
the implementation of the course are presented below in line with the course
schedule. Therefore, similar to the course schedule, the results related to
development of PSTs’ system thinking skills are presented in three parts (Table
4.13). The first part is comprised of the results related to initial states of the PSTs
(Module-1) as far as their STS are concerned. The instruments used to measure
initial STS were essay writing, case study analysis and interview | which were
implemented during the first two weeks of the course.

The second part is comprised of those of Module-I1 of the course: Results related
to developing PSTs’ STS on the sustainable use of a system, which were obtained
through three instruments which are field reports (I, I1, 111) and interview-1I along
with accompanying concept maps.

The third part of the results is comprised of the results related to the Module-111 of
the course which targeted to develop PSTs system thinking skills through
sustainability solutions and measuring the development, which were gathered
through three instruments: field report 1V, interview-111 along with accompanying

concept maps (Table 4.13).
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Table 4.13

Results of the Main Study as presented in line with the Outdoor ESD Course Schedule:

Related Instruments and Research Questions

Course Schedule

Instrument used to Research Question
measure STS

MODULE I. Determining Initial State of STS

(February 20- March 6 2014)

WEEK-I
Warming up

WEEK-II
Thinking exercise

Essay Writing (What does a
tree mean to you?)

Case Study Analysis-I (We
are losing our pastures in
Turkey)

Interview-|

MODULE 1. Developing STS: What is sustainable use ofa 1. How can PSTs'
system? (March 13- April 10 2014) systems thinking

WEEK-III
The need for systems thinking

WEEK-IV
Sustainable Use of A Lake
(Ecosystem of Lake Eymir)

WEEK-V

Sustainable Use of a Lake
(Water Quality Monitoring in
Lake Eymir)

WEEK-VI
Sustainable Use of a Lake
(Human Use in Lake Eymir)

WEEK-VII

Discussion- Systems thinking
exercise through the results of
Module I1.

skills be developed
through the outdoor
based ESD course?

Field Reports (I-11-111)

Interview-I1 + CM-I

184



Table 4.13 (Continued)

Course Schedule

Instrument used to
measure STS

Research Question

MODULE I11. Developing STS: Sustainability Solutions

(April 20- June)

WEEK-VIlI
Sustainability Solutions:
Working in the Backyard

WEEK-IX
Sustainability Solutions:
Working in the Backyard

WEEK-10 Discussion- Systems
thinking exercise through the
results of Module 11

WEEK-XI

Completing the Circle:
Sustainable uses - sustainable
solutions

Field Report-1V

Case Study Analysis-II
(The most expensive meat
is consumed in Turkey)

Interview-I1l1 + CM-II

1. How can PSTSs'
systems thinking
skills be developed
through the outdoor
based ESD course?

Final Project

Lesson Plan

2. To What extent do
PSTs reflect their
systems thinking
skills to instructional
planning under the
light of the outdoor
ESD course?
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4.3.1.1 Determining the Initial State of STS (Module-1)

The initial state of system thinking skills of the PSTs were determined through
essay writing, case study analysis and interviews. The skills measured by these

instruments are given in Table 4.14 below:

Table 4.14
STS Measurement (Module-I)
Essay Case Study  Interviews-|
Writing Analysis

STS-1 (Identifying aspects of N N
sustainability)
STS-2 (Seeing nature as a \ V
system)
STS-3 (Identifying \ \
components of a system)
STS-4 (Analyzing \ V
interconnections among the
aspects of sustainability)
STS-5 (Recognizing hidden \
dimensions)
STS-6 (Recognizing own \
responsibility in the system)
STS-7 (Considering the \
relationship between past,
present and future)
STS-9 (Developing empathy \

with other people)
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4.3.1.1.1 Initial state of STS measured through Essay Writing

Essay writing was used in order to measure the participants’ skill of seeing nature
as a system (STS-2). The question asked to participants was “What does a tree and
a lake mean to you”? While the researcher was analyzing essay writings, two
themes (integral ecology, and human-nature relationship) and four categories
related to integral ecology (identifying more than two, two, one and no aspects of
integral ecology) and three categories related to human-nature relationship
(holistic, mechanistic and no view) emerged according to coding booklet
(Appendix-F).

The results revealed that six of the PSTs among eight were unable to describe
nature as a system, yet two of the PSTs attempted to describe nature as a system.
To be specific, two participants’ STS level was found in the category of identifying
two aspects of integral ecology. To put it differently, they described nature in terms
of technical point of view such as trees as source of oxygen or source of wood
(behavioral aspect of integral ecology) and in terms of subjective perspective such
as trees as source of joy and beauty (experience aspect of integral ecology). These
two participants also held the category of holistic view based on the theme of
human-nature relationship. That is, they referred to human-nature relationship
through a simple holistic view; for instance, they wrote that trees were source of
oxygen, wood, food, joy and beauty and human life depends on them. Therefore,
these participants’ level of system thinking skill for seeing nature as a system was
evaluated in the developing based on the rubric

(Appendix E).
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On the other hand, six participants out of eight were found in the category of
identifying one aspect of integral ecology. That is to say, they explained nature in
terms of technical point of view like trees as source of oxygen (behavioral aspect)
or in terms of subjective perspective like trees as source of joy or proving shadow
for us (Experience aspect). Moreover, they were in the category of mechanistic
view based on the human-nature relationship theme. They described nature through
a mechanistic perspective. In other words, human is separated from nature, and
trees and lake exist for humanity.

Therefore, these participants’ level of system thinking skill to see nature as a

system was evaluated in the emerging level (Table 4.15).
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Table 4.15
Initial States of the PS7s’ STS -2: Essay Writing Results

Essay writing

STS Themes and Categories PSTs Sample Statements STS Level
1.Integral Ecology 2.Human-Nature
Relationship (HNR) Developing
o T PST-1 PST-1: A tree is an oxygen source for all
1a.|dent|fy|ng two 2a.Holistic view PST-3 living things, so it represents life. For a
aspects of integral . . S
ecology child, a tree means more _soua_l activities
. such as playing area, hanging his swing or
(e.g., behavioral S
climbing. It means a shadow for us. It
) (source of oxygen,
STS-2: wood, food) and means food, source of wood and source of
Seeing experience (source of joy. For me a tree is not only one thing. Our
Nature as a joy, beauty)) life depends on trees.
System ’ Lakes are part of water cycle. Lake means
life, future, health, and peace.
1b.l1dentifying one 2b.Mechanistic view PST-2 PST-6: We can relax under the shadow of  Emerging
aspect of integral PST-4 the trees and trees provide oxygen and food
ecology PST-5 with us. Lakes provide a living environment
(e.g., behavioral PST-6 for us.
(source of oxygen or PST-7
experience (e.g., source PST-8

of joy, beauty)




4.3.1.1.2 Initial state of STS measured through Case Study Analysis-I

Case study analysis was used to test the system thinking skills to identify aspects
of sustainability (STS-1), identifying components of a system (STS-3) and
analyzing interconnections among the aspects sustainability (STS-4). The
participants were asked to evaluate the case given with the title “We are losing our
pastures” which was related to deterioration of the pastures and ecosystems
because of the airport construction and its possible consequences on the

environment, people’s lives and economy (Appendix B).

According to the data analysis scheme (Table 3.8) the defined theme to identify
aspects of sustainability (STS-1) was aspects of sustainability and four related
categories were identifying all, two, one and no aspects of sustainability. To
identify components of a system (STS-3), the defined theme was components of a
system, and the categories were multiple, single and no component. To analyze
interconnections (STS-4), the theme was defined as interconnection among the
aspects of sustainability, and the four categories were determined as
interconnection among the all, two aspects of sustainability, separated explanation

and no interconnection (Coding booklet-Appendix F).

Accordingly, the results revealed that three participants have the skills to resolve
two aspects of sustainability (e.g., environmental, social), yet five participants
struggled to identify more than one aspect of sustainability. In other words, three
participants’ descriptions were found in the category of identifying two aspects of
sustainability as they described the case as encompassing environmental, social
and/or economic aspects of sustainability such as destruction of the natural
environment and local people’s right to live. Therefore, their level of STS was
evaluated as developing. Descriptions of five participants among eight, on the other
hand, were found in the category of identifying one aspect of sustainability. That
is to say, these participants described the case by referring to only environmental

aspect of sustainability such as destruction of the nature or only social aspect of
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sustainability such as local people’s right to live. Therefore, their level of the skill

was found as emerging.

However, none of the participants described the case in terms of three aspects of

sustainability (environmental, social, and economic).

Another result case study analysis revealed was that three participants among eight
referred to multiple components while describing the case. Yet, five participants
explained the case through one or two components. Accordingly, three
participants’ STS were found in the category of multiple components based on the
components of a system theme. They described the case through such components
as nature, people, airport construction, agriculture and economic production.
Therefore, their level of STS for identifying components of a system was found as
developing. On the other hand, five participants’ STS were evaluated in the single
component category since they described the case including one or two components
such as people and nature. For this reason, their level of STS was defined as

emerging.

Lastly, case study analysis results suggested that seven participants among eight
could not analyze interconnections among the components. Only one participant’s
statement was found in the category of interconnection among the two aspects of
sustainability. That is, she could analyze interconnections among environmental
and economic aspects of sustainability. For example, she emphasized the balance
between economy and environment in her explanation. Therefore, her STS level
was assigned to developing level. On the other hand, descriptions of three
participants were found in the category of separated explanation and four of the
participants’ descriptions were found in the category of no interconnection. That is
to say, three participants struggled to analyze interconnections among the aspects
of sustainability. For instance, instead of writing about how destruction of natural
sources influence people’s working and social life, they only described
environmental and social components of the case without making a connection
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among them. Therefore, their STS level was determined as emerging. On the other
hand, four participants could not refer to any particular interconnection; therefore,
their level of STS was found in the pre-aware level. Above mentioned results are
presented in the Table 4.16 in terms of themes, categories, STS levels and sample

statements.
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Table 4.16

Initial state of PSTs’ STS: Results of the Case Study Analysis-|

Case Study Analysis-I

STS

Themes and Categories

PSTs

Sample Statements

STS Level

STS-1: Identifying
aspects of
sustainability

Aspects of Sustainability

a. Identifying two aspects of sustainability
(e.g., environmental (destruction of natural
habitat), social (local people right to live) or
economical (balance between nature and
development))

b. Identifying one aspect of sustainability
(e.g., environmental (destruction of natural
habitat) or social (local people right to live)).

PST-1
PST-2
PST-3

PST-4
PST-5
PST-6
PST-7
PST-8

PST-1: In this story, on one hand,
there are nature, forest, lake, animals,
farms that all life depend on and on
the other hand, there are people who
are forced to leave their lands and
leave their jobs. If we could not stop
this, we will suffer from its results
because environmental sources are
not limitless.

PST-5: This is not a new situation
(destruction of the environment
because of airport construction in
Istanbul). Because of money and
power challenges, we are destroying
rights of people.

Developing

Emerging
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Table 4.16 (Continued)

STS-3:
Identifying
components of a
system

Components of a system

a. Multiple Components (e.g.,
nature, the impact of
construction, local people’s life,
economy, production,
agriculture)

b. Single Component
(e.g., people and nature)

PST-1
PST-2
PST-3

PST-4
PST-5
PST-6
PST-7
PST-8

PST-1: | felt so depressed while watching the
video. How do people not see the consequences
of this destruction? We see that there are nature,
lake, forest, animals and farms there, and the city
life depends on them. In addition, there are
people living and working there, and they are
forced to leave their land and quit their job.
Destroying the nature is not a solution to build
new places.

PST-5: In this case, there are people who harm
the environment and there are other people who
are in a disadvantaged situation because of this
destruction. There are also animals that will lose
their habitat.

Developing

Emerging
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Table 4.16 (Continued)

Interconnection among the
aspects of sustainability

a. Interconnection among the
two aspects of sustainability
(e.g., development and
environment)

STS-4:
Analyzing
interconnections
among the
aspects
sustainability

b. Separated explanation

No interconnection

PST-3

PST-1
PST-2
PST-4

PST-5
PST-6
PST-7
PST-8

PST-3: We are producing, and we are building
factories, but we don’t care about nature. Yes we
know it is difficult to live without technology, but
we need to decrease this destruction. We can teach
people the importance of natural life and
environment and educate them to use their money
for sustainable practices. Also, it is essential to
improve living conditions of local people.

PST-1: | felt so depressed while watching the
video. How do people not see the consequences of
this  destruction (environmental destruction
because of airport construction in Istanbul)? \Ne
see that there are nature, lakes, forest, animals and
farms there and the city life depends on them.
Moreover, there are people living and working
there, and they are forced to leave their land and
quit their job. Destroying the nature is not a
solution to build new places.

PST-5: | wonder why the airport (planned to be
constructed in Istanbul) has to be constructed in
that area. In terms of sustainability perspective,
they could build the airport to an infertile land in
order to protect the natural balance.

Developing

Emerging

Pre-aware




4.3.1.1.3 Initial state of STS measured through Interviews -I

Interview-1 was conducted in order to measure eight systems thinking skills (STS-
1 through STS-8), and interview questions were related to content of the Module-
I) (Table 4.14). Each measurement tool has been prepared to measure specific STS.
Twelve STS could not be measured in the interview-1 since the interview questions
were prepared based on the content of the Module-l. The questions in the
interviews were related to essay writing and case study analysis. For example, in
the first interviews participants were asked “What are the components of this case,

and what could be the relationship among these components?”

The themes and categories were determined according to each specific systems
thinking skill (Coding booklet-Appendix-F). While some skills (e.g., STS-2, STS-
7) include detailed categorization, some of the skills were not evaluated based on
the detailed categorization (e.g., STS-5, STS-6). This kind of categorization is
related to nature and content of the skills. For instance, in terms of the skill of
considering the relationship among past, present and future (STS-7), the theme was
determined as making connections among past, present and future, and four
categories were defined as making connection among three time spans, two time
spans, considering two time spans simply and one time span. In order to measure
STS-7 the question of “Could you give any examples related to this story? Does
this story remind you any other place?” was asked to participants. Moreover, the
theme for recognizing hidden dimensions (STS-5) was determined as hidden
dimensions in a system, and two categories were defined as explaining and not
explaining hidden dimensions. The question for STS-5, for example, was asked as
“Do you think that there are any hidden dimensions in this case? If yes, what could

be these dimensions?”
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The results of the first interviews revealed that while three of the participants could
refer to multiple aspects of sustainability (STS-1), five of the participants could not
identify multiple aspects of sustainability. To be specific, three participants
described sustainability as including environmental, social and sometimes
economic aspects. For example, they defined sustainability as encompassing 3R
(reduce, reuse and recycle), and they emphasized sustainability as reducing
consumption and saving money. Therefore, the level of STS to identify the aspects
of sustainability (STS-1) was determined as developing. On the other hand, five of
the participants defined sustainability as including only environmental aspect such
as recycling. Therefore, their level of STS was found as emerging.

The situation that sees nature as a system (STS-2) was found similar to the first
skill. The results revealed that three participants among eight could describe nature
as a system, yet five of them struggled to describe nature as a system. In other
words, four participants described nature in terms of technical point of view like
trees as source of oxygen (behavioral) and subjective point of view such as trees in
their childhood memories (experience). They also described nature in terms of
holistic view since they tried to describe nature as a living system. Therefore, four
participants’ level of STS was found as developing. On the other hand, other four
participants among eight described nature from technical point of view (behavioral
aspect) or subjective point of view such as remembering the trees in the picnic
times (experience). Furthermore, they explained nature in terms of mechanistic
view (mechanistic conception of nature) instead of describing nature as a living

system. Therefore, their skill was assigned to emerging level.

Another skill explored in the first interviews was the skill of identifying
components of a system (STS-3). Based on the results, four participants explained
the case as including multiple components such as villagers, natural life,
development, corporations etc. Specifically, they mentioned that villagers, trees,
plants are all part of the land, but corporations are responsible for destroying nature

and people’s living areas. As they tried to explain multiple components related to
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case, their level of STS was found in the developing level. However, other four
participants evaluated the case as including villagers and/or government, and they
could not make a clear explanation about these components’ role in the case. As
they struggled to identify components related to case, their level of STS was found

in the emerging level.

The situation for analyzing interconnections among the aspects of sustainability
(STS-4) was different from the previous skill (STS-3). The results revealed that
only one participant among eight could analyze interconnections among the two
aspects of sustainability (e.g., environmental and economic). In her explanation she
mentioned that there should be a balance between economic development and
environmental protection. Therefore, her level of STS was found as developing.
However, six participants struggled to analyze interconnection. Instead of
explaining how social, environmental and economic aspects affect each other in
the given case, they explained these aspects separately. Their level of STS was
found as emerging. One participant on the other hand, could not make any

particular interconnection and his level of STS was evaluated as pre-aware level.

The skill of recognizing hidden dimensions (STS-5) was measured in the first
interviews. Based on the results, three participants among eight were able to
explore hidden dimensions, yet five participants struggled to explain hidden
dimensions related to case. That is, three participants explained several dimensions
(e.g., the impact of climate change) that could not be seen at the first glance in the
given case. For instance, in Table 4.18, PST-2 emphasized that people destroy the
things that could store CO2 and they contribute to climate change. He made
connection between people’s lives and climate change. Therefore, their level of
STS was evaluated as developing. Two participants tried to explain the impact of
climate change, yet they could not make a meaningful connection between climate
change and the given case. As they struggled to explain hidden dimensions, their
level of STS was found in the emerging level. Other three participants, on the other
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hand, could not describe any hidden dimensions related to case. Therefore, their

level of STS was found as pre-aware.

Another skill measured in the first interviews was recognizing own responsibility
in the system (STS-6). The results showed that four of the participants’
explanations were found in the category of stating the own responsibility based on
the theme of recognizing own responsibility in the system. To be specific, they tried
to make connection between the given case and their personal life. For instance,
PST-8 made a connection between her travel habits and the problem in the given
case which was about destruction of the natural land because of airport
construction. As three participants tried to think about their personal choices, their
level of STS was assigned to developing level. On the other hand, other four
participants’ explanations were found in the category of not stating own
responsibility. They could not explain the relationship between the given case and
their personal life. They blamed people in the system because of their

irresponsibility. Therefore, their level of STS was found as pre-aware.

For the skill of considering the relationship between past, present and future (STS-
7) five of the participants’ explanations were found in the category of considering
two time spans simply based on the theme of considering the relationship among past,
present and future. They mentioned what happened in the past and what is happening
at present related to given case; however, they could not make connection among
these two time spans. As they had difficulty considering relationship between time
spans, their level of STS was found as emerging. Three participants’ explanations
were found in the category of considering one time span. As three participants were
unable to make connections among past, present and future, their skill was assigned

to pre-aware level.

The last skill explored in the first interviews was developing empathy with people
(STS-9). The results revealed that one participant’s explanation was found in the

category of considering other people’s perspectives in a simple way based on the
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theme of developing empathy with other people. This participant tried to consider
different stakeholders’ (e.g., Villagers, young people) perspectives and develop
empathy with them in the given case. Therefore, her level of STS was evaluated as
developing. On the other hand, seven participants’ explanations were found in the
category of considering other people’s perspective in one side. That is to say, these
participants struggled to develop empathy with the stakeholders in the given case
in a complete way. They mostly emphasized the impact of the problem on the
villagers, yet they ignored other people’s needs and perspectives in the case. For

this reason, their empathy skill was evaluated as emerging (Table 4.17).
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Table 4.17

Initial state of PSTs’ STS: Results of Interview-|

Interviews-I
STS Themes/Categories PSTs Sample Statements STS Level
Aspects of Sustainability PST-1: Sustainability is related to Developing
a. Identifying two aspects of cycling system and recycling of the
sustainability PST-1,PST-2  natural resources. Sustainability is
(e.g., environmental such as PST-3 not only related to environment but
STS-1: recycling) and economic such as also related to social life and
Identifying consumption) economy. We are living in a
aspects of consumption based society and when
sustainability we have money, we just think about
consumption.
b. Identifying one aspect of PST-4,PST-5  PST-5: Sustainability is recycling for Emerging
sustainability PST-6, PST-7 me. | think recycling is a sub-
(e.g., environmental such as PST-8 dimension of sustainability.

recycling, composting etc.)




Table 4.17 (Continued)

1.Integral Ecology 2.Human-Nature
Relationship
la.ldentifying two 2a.Holistic view PST-1  PST-1: When we consider a group of trees,  Developing
aspects of integral Explaining in a PST-2  trees mean forest, many kinds of animals
ecology (e.g., behavioral simple way PST-3 and habitat for these animals. Tree has
-sources of oxygen and multiple meanings. When we consider only
experience -childhood one aspect, we don’t feel pain while cutting
memories) down the trees. | try to look at the whole
] picture.
STS-2: Seeing Lake also includes many species and
N Nature as a provides a natural source for these species.
o System It provides rain as well. Lake is a living thing
and a lifeblood.

1b.ldentifying one 2b.Mechanistic PST-4  PST-7: In my childhood, we were living in a Emerging
aspect of integral View PST-5  village and we were going to picnic. At these
ecology (e.g., PST-6  times, | remember different types of fruit
experience-childhood PST-7  trees.
memories or behavioral PST-8

-source of oxygen)
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Table 4.17 (Continued)

Components of a system

a. Multiple Components
(e.g., villagers’ right to live,

STS-3: development, natural life,
Identifying social life, the impact of
components of  construction, corporations)
a system
b. Single Component
(e.g., villagers and
government)
Interconnection among the
aspects of sustainability
a. Interconnection among
the two aspects of
sustainability (e.g.,
STS-4: economy and environment)
Analyzing

interconnectio
ns among the
aspects
sustainability

b. Separated explanation

¢. No interconnection

PST-1
PST-2
PST-3
PST-8

PST-4, PST-5
PST-6, PST-7

PST-3

PST-1, PST-2
PST4, PST-6
PST-7, PST-8

PST-5

PST-2: The most important component in this
case is the villagers. Villagers, trees, plants are
all part of this place. Corporations must be
responsible as they are building airports. They
take away people’s living right and destroy
natural pastures.

PST-4: There are government and villagers. |
mean that there is one side who suffers and
another side who gives harm.

PST-3: Yes, we need airports, but we need to
build airports in a suitable way without
harming nature. We need to do this by giving
less harm to nature and people.

PST-8: Instead of building a new airport, we
could renew the old ones. We could improve
public transportation system.

PST-5: Instead of building airport there, it
could be built in an infertile land in order to
protect natural balance.

Developing

Emerging

Developing

Emerging

Pre-aware
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Table 4.17 (Continued)

STS-5:
Recognizing
hidden
dimensions

STS-6:
Recognizing
own
responsibility
in the system

Hidden Dimensions in a
system

a.Explaining hidden
dimension(s) (e.g., climate
change, globalization)

a.Explaining hidden
dimension (e.g., climate
change)

b.Not explaining hidden

dimensions

Recognizing own
responsibility

a.Stating own
responsibility

b.Not stating own
responsibility

PST-1
PST-2
PST-8

PST-3
PST-6

PST-4
PST-5
PST-7

PST-1
PST-2
PST-3
PST-8

PST-4
PST-5
PST-6
PST-7

PST-2: There are many hidden dimensions. For example, in an
airport, many planes emit CO2 and contribute to climate change.
In addition, we destroy the things that store CO2 and decrease
the level of CO2 in the atmosphere such as trees.

PST-6: There are trees and many species living there. Cutting
down the trees contribute to climate change and causes
disappearance of the species.

PST-7: This case is not related to nature. This problem is related
to people living there. We did not learn anything about drought
or vanishing of the species. This is not related to global issues.

PST-8: | sometimes travel by plane. | thought that people had to
leave their land and had to quit their job when the current airport
was built. 1 was not thinking about these before when | was
traveling but now, | am thinking more about this. | have a
broader view.

PST-6: There are these kinds of problems everywhere in Turkey.
This problem in the case could happen to me, too. There is a
connection like that.

Developing

Emerging

Pre-aware

Developing

Pre-aware
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Table 4.17 (Continued)

STS-7:
Consider
the
relationship
between
past,
present and
future

STS-9:
Developing
empathy
with other
human
beings

Making connection among
the past, present and future

a. Considering two time
spans simply

b.Considering one time
span

Empathy with people
a.Considering other
people’s perspectives in a
simple way

b.Considering other
people’s perspective in one
side

PST-1
PST-2
PST-3
PST-6
PST-8

PST-4
PST-5
PST-7

PST-4

PST-1, PST-2,
PST-3, PST-5,
PST-6, PST-7,
PST-8

PST-2: I remember my mother’s village. There were more
people, animals and more natural products. Now, there is
nothing left. Now, there are not people, animals and there
was not a production. There are only few people, and they
do not deal with agriculture and animal farming.

PST-5: In the past, there was a road construction issue at
METU. They were not only cutting down the trees but also
they were destroying the forest.

PST-4: | thought about the trucks which were filling the
lake with the soil, and | thought about the workers who use
these trucks. | wonder whether they were aware of what
they were doing. There are also young people who do not
want to live in the village and want to move to cities.
Villagers who earn their life in this land have to leave their
land, so what will they do after that? This is sad. Nobody
thinks about them.

PST-7: There are people and species living there. These
people earn their life in this land, and their farms and their
land will be destroyed to make more profit.

Emerging

Pre-aware

Developing

Emerging




4.3.1.1.4 Summary-Determining the Initial State of STS

Initial state of systems thinking skills of PSTs was determined through three
instruments (essay writing, case study analysis, interviews), and the results obtained
from the three instruments allowed methodological triangulation to increase the
credibility and validity of the results. Thus, triangulation enabled the researcher to
explain the richness and complexity of human behavior more thoroughly by
studying it from more than one standpoint (Cohen and Manion, 2000) and to search
for regularities in the research data through cross-checking from multiple sources
(O’Donoghue and Punch, 2003). The reason for this was that essay writing and case
study analysis gave similar results with the interviews, and interviews provided rich

amount of data.

Accordingly, results indicated that PSTs’ STS levels were found as either emerging
or developing to identify the aspects of sustainability (STS-1), seeing nature as a
system (STS-2) and to identify the components of a system (STS-3). However,
according to results, the skills went back to pre-aware level after STS-3. Six of the
participants’ skill of analyzing interconnections (STS-4), for example, was found
at the low level (emerging). One participant, on the other hand, was found in the
developing level which means that she was capable of analyzing interconnections
among the aspects of sustainability in a simple way (Table 4.18). Similar to the first
STS, the skill of developing empathy with people (STS-9) was found as either
emerging or developing. It was also an expected result that none of the participants’
level of STS was found as mastery. Moreover, pre-aware level was mostly found in
the skills of STS-5, STS-6, STS-7 (Table 4.19). That is to say, some participants do
not have any background related to these skills. It is understood that there are
differences in STS levels from participant to participant.

Furthermore, the results revealed that there could be a complexity and hierarchy
among the skills since the lowest STS level (pre-aware) emerged after three skills.

However, this complexity may not be parallel with each participant’s STS levels.
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For example, although one person’s STS-1 could be in the emerging level, the same
person’s STS-5 could be in the developing level. That is, it won’t be unexpected to

see a person going back and forward between STS as the course proceeds.

4.3.1.2 Developing STS: Module Il and Module-I111

STS development of the PSTs had been realized through the second and third
modules of the course defined as what is sustainable use of a system? and
Sustainability Solutions respectively. The modules were designed to answer the
research question related to “How PSTs' systems thinking skills could be developed
through the outdoor based ESD course” (Table 4.14). The Module Il lasted five
weeks, three weeks of which were held in the Lake Eymir exploring ecosystems,
water quality and human use. The instruments used for collecting data on the STS
of the PSTs were the field trip reports (1, 11, 111) for ecosystems, water quality and
human use, interviews (Interview Il) and accompanying concept maps which were
obtained during the interviews.

The module 111 however, lasted four weeks, two weeks of which was held in the
faculty backyard making compost and using it to design and create a vegetable
garden. The instruments used to measure STSs for this module were field trip report
(V) related to composting and gardening, case study analysis-I1 and interview Il
with accompanying concept map (Table 4.13).
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4.3.1.2.1 Developing STS through Module-11

STSs measured through three field reports (I-11-11I) and an interview with
accompanying concept map are presented in Table 4.18

Table 4.18

STS Measurement-Module-I1

Field Trip Interviews- Concept
Reports I Maps-I
STS-1 Identifying aspects of N N
sustainability

STS-2 Seeing nature as a \ \
system

STS-3 Identifying \ \ S
components of a system

STS-4 Analyzing \ \
interconnections among the
aspects of sustainability

STS-5 Recognizing hidden \ V \
dimensions

STS-6 Recognizing own \ V
responsibility in the system

STS-7- Considering the \ \
relationship between past,
present and future

STS-8 Recognizing cyclic \ \
nature of the system

STS-9- Developing empathy \/ \/
with other human beings

STS-10 Developing empathy \/
with non-human beings

STS-11 Developing sense of \/
place

STS-12 Adapting Systems \
thinking perspective to
personal life
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4.3.1.2.1.1 Developing STS: Results of the Field Trip Reports (I-11-111)

Through the five weeks of the Module II, as titled as Sustainable use of Lake
Eymir”, three outdoor and two indoor lectures had been implemented. Within this
period of time PSTs completed three field reports related to ecosystem, water
quality and human use in Lake Eymir. Data analysis of the reports were realized

based on the categories and themes and rubric (Appendix E-F)

Accordingly, the results revealed that the skill related to identifying aspects of
sustainability (STS-1) has been developed. As displayed in Table 4.21 participants
emphasized that Eymir has social, environmental and economic values. For
example, PST-1 suggested that that it is possible to use Eymir for several activities
without harming its environment. While two participants’ STS level was found as

mastery, two participants’ STS level was evaluated as developing.

Similarly, the participants’ systems thinking skill for seeing nature as a system
(STS-2) has been improved during the course. That is to say, four participants
among eight could see nature from a holistic view instead of mechanistic view
(nature exist for humanity). PST-2 for instance, described Eymir as an
interconnected system. For this reason, four participants’ level of STS was assigned

to mastery level.

Compared to the first two skills, it was revealed that more participants (six of them)
developed their skill of identifying components (STS-3) through the five weeks of
the course. After three field trips to Lake Eymir, they described Eymir from several
perspectives (e.g., environmental, social, and economic). They also evaluated
Eymir as a system including multiple components such as species in the lake,
visitors, water quality parameters, restaurants etc.). Accordingly, three participants’

level of STS was found as mastery and three of them were evaluated as developing.
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According to results of the field reports, participants also developed their skill of
analyzing interconnections (STS-4) in the course. The results revealed that
participants started to evaluate interconnections among the aspects of sustainability.
They evaluated the problems related Lake Eymir from both global and local
perspectives. Two participants’ level of STS was evaluated as mastery and three of
them were evaluated as developing.

Unlike previous skills, the skill of recognizing hidden dimensions (STS-5) was
developed for only one participant. As displayed in Table 4.21 PST-2 explained
hidden dimensions related to sustainable use of Eymir in his report such as
greenhouse effect, climate change, people life style. He also emphasized the reasons
of climate change and its impacts on Eymir. Therefore, his level of STS was found

as mastery.

According to analysis of the field reports, skill of recognizing own responsibility
(STS-6) has been developed for six of the participants among eight. Six participants
mentioned that it is important to feel part of the system and individual actions are
also important to protect Lake Eymir. Specifically, based on the results four
participants’ level of STS were found as mastery and two participants’ level of STS

were found as developing.

Another skill explored in the field reports was the considering the relationship
between past, present and future (STS-7). Similar to previous skills, five
participants among eight developed their skill. One of the participants is able to
make connection among three time spans (past, present, future). That is to say, she
emphasized the relationship among the history, current use and the future of Eymir.
Therefore, her level of STS was assigned to mastery level. Other four participants
are able to make connections between two time spans. Particularly, they realized
that some actions happened in the history of Eymir have an impact on the current
use of it. Therefore, their level of STS was found as developing.
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The last skill measured in the field reports was developing empathy with other
people (STS-9). The results indicated that four participants among eight developed
their empathy skills through the five weeks of the course. To be specific, two
participants are able to consider other people’s perspective in a complete way and
other two participants are able to consider other people’s perspectives in a simple
way. For instance, PST-7 put forward that workers in Eymir have economic
concerns therefore; they try to protect Eymir’s nature because their life depends on
there. Especially, analysis of the third field report which is related to human uses
in Eymir helped participants develop their empathy skills (they made several
interviews with people in Eymir). Participants realized that people could have
different perspectives, different thoughts and their reasons behind their actions
could be different (Table 4.19).
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Table 4.19

Developing STS though the Field Trip Reports (I-11-111)

Developing STS through Field Reports (1, I1, 111)
STS Themes /Categories PSTs Sample Statements STS Levels
Aspects of Sustainability PST-1: In Eymir, there should be Mastery
PST-1  a system as carrying out human
STS-I: a. ldentifying all aspects of PST-2  activities without destroying the
Identifying sustainability environment. More people should
aspects of be aware of Eymir. Therefore, we
sustainability need to educate people so that
they could feel part of the nature,
and they could appreciate nature
b. Identifying two aspects of PST-4 in Eymir. (Mastery) Developing
sustainability PST-7
1.Integral 2.Human
STS-2: Ecology Nature PST-1  PST-1: We left behind three Mastery
Seeing nature Relationship PST-2  weeks, and | realized the value of
as a system la.ldentifying  2b.Holistic view  PST-7  the nature in Eymir, and |
more than two PST-8  understood how nature is fragile.
aspects Analyzing water quality, for

instance, helped me see that Lake
Eymir has an interconnected
system.
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Table 4.19 (Continued)

STS-3:

Components of a system

Identifying
components of a
system

STS-4:
Analyzing
interconnections

a.Multiple Components
(e.g., species in the lake,
visitors, restaurants)

Interconnection among the
aspects of sustainability

among the aspects
sustainability

STS-5:
Recognizing

a. Interconnection among
the all aspects of
sustainability

b. Interconnection among
the two aspects of
sustainability

Hidden Dimensions in a
system

hidden
dimensions

a.Explaining hidden
dimensions

PST-1,PST-2,
PST-4

PST-6,PST-7,
PST-8

PST-1, PST-2

PST-4,PST-6,
PST-8

PST-2

PST-2: We have to think about the whole
picture, and we have to think globally.
Greenhouse effect causes global warming,
and global warming changes the climate
which causes drought in Lake Eymir
because of the increasing temperature. As a
result this causes eutrophication and
toxicity in the lake because people are using
their own car instead of using public
transportation. (STS-3/STS-4 Mastery)

PST-2: We don’t act to stop climate
change. We don’t know, for example,
eating one hamburger pollutes four tones of
water. Greenhouse effect causes global
warming, and it changes the climate, and
this causes drought in Lake Eymir because
of the increasing temperature and this
causes eutrophication and toxicity in the
lake.

Mastery

Developing

Mastery

Developing

Mastery
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Table 4.19 (Continued)

Recognizing own responsibility

STS-6: a.Stating the own responsibility
Recognizing

own

responsibility

Making connection among

STS-7: past-present and future

Considering the

relationship a. Making connection among

between past, three time spans

present and S .

future b.Considering two time spans
Empathy with people

STS-9: a.Considering other people’s

Developing perspective in a complete way

empathy with

other people b.Considering other people’s

perspectives in a simple way

PST-1,
PST-2,
PST-3,
PST-8

PST-6,
PST-7

PST-1

PST-4,
PST-5,
PST-6,
PST-8

PST-1,
PST-7

PST-4,
PST-8

PST-3: I don’t have a garden to grow vegetables. I only consume,
and | feel happy when | go shopping. This makes me sad because
I contribute to climate change, and in this way | have an influence
on the future of Eymir (Mastery)

PST-1: The history of Eymir shows us how fragile the ecosystem
in Eymir is. Today, we discuss about how to use Eymir in a
sustainable way. If we believe that Eymir will be like this in the
future, we can do something to protect it. In the past, we learnt
that Eymir’s nature was destroyed and rehabilitated again
(Mastery).

PST-7: | understand that people in Eymir are respectful to this
place, and they make effort to protect Eymir’s nature. For
instance, one of the restaurant owners cares about the animals,
trees in Eymir, and he is protecting the beauty of Eymir. | was
very impressed by his thoughts. I also understood from the
interviews that visitors do not care about Eymir unlike the
workers. | see that people have different ideological perspectives
and different thoughts

Mastery

Developing

Mastery

Developing

Mastery

Developing




4.3.1.2.1.2 Developing STS: Results of the Interview-11 and Accompanying
Concept Maps

4.3.1.2.1.2.1 Interview-l1I

Interview-11 was conducted after the completion of field trips in the context of
Module-I1 that coincides with five weeks of the course. As given in Table 4.18,
the second interviews measured twelve systems thinking skills. The analysis were
realized in line with the themes and categories set specifically for each STS
presented in the coding booklet (Appendix-F) through constant comparative
method and by the use of rubric developed by the researcher. For the skill of
recognizing cyclic nature of the system (STS-8), for example, the theme was set as
cycling nature of the system, and the two categories were defined as being able to
explain/not explaining cycling nature of the system. Thus, the results of the
analysis are presented through the themes and categories set specifically for each
STS (Table 4.20).

According to the results of the second interviews, it is possible to reveal that the
skill related to understanding sustainability (STS-1) has been developed for all the
participants: Three of the eight participants were able to identify all aspects of
sustainability. They explained sustainability as including social, environmental and
economic aspects such as protection of the environment, happiness of people and
economic development, and their level of STS was assigned to mastery. Five of
them, however, were able to identify two aspects of sustainability. They described
sustainability as encompassing recycling, reduction of the wastes and the impact
of the linear system. Therefore, their level of STS was found as developing. No

participants’ level of STS was found as pre-aware and emerging (Table 4.20).

Similarly, the participants’ STS to see nature as a system (STS-2) were also
developed at the end of the five weeks of the course. As the results revealed, all of
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the participants developed their point of view related to the natural system.
Furthermore, they reached to mastery level at the end of Module-Il. All of the
participants’ STS were categorized as identifying more than two aspects of integral
ecology and holistic view under the themes internal ecology and human-nature
relationship respectively (Table 4.20). These participants described nature not only
by technical point of view (behavior-trees as source of oxygen) and subjective
point of view (experience-trees as source of beauty), but also they described nature
as including many interactions (systems). Furthermore, they recognized that
human was part of the nature and not playing a dominator role in nature (holistic

view).

The situation for ldentifying components of a system (STS-3) was found as similar
to the first two skills. All the participants identified multiple components related
to sustainable use of Eymir. They described many components related to
environmental, social, economic values of Eymir such as human, forest, waste,
natural system, population growth and climate change. Six of the participants in
the mastery level had more detailed/complex explanations related to the
components of a system compared to those found in the developing level (Table
4.20).

Likewise, all the participants’ skill for analyzing interconnections (STS-4) was
found at mastery and developing levels at the end of the Module II. Four
participants’ skills were evaluated under the category of Interconnection among
the all aspects of sustainability. They evaluated Lake Eymir in terms of social,
environmental and economic aspects of sustainability and explained how these
aspects impact each other. For instance, PST-1 stated that Eymir as an ecosystem
was influenced by many factors such as urbanization and globalization (Table
4.20). Other four participants’ skills, on the other hand, were evaluated under the
Interconnections among the two aspects of sustainability category. For most of the

time, they evaluated Lake Eymir in terms of social and environmental aspects and
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used economic aspects rarely. However, they frequently emphasized the impact of
human use on the ecosystem of the lake.

The hidden dimensions related to sustainability of the Lake Eymir (STS-5) were
reported as consumption, human lifestyle, globalization and climate change by the
participants. Hence, their level of STS was evaluated as mastery. For those who
only mentioned the impact of climate change on the lake; however, level of STS

was defined as developing.

As the results revealed, all of the participants developed their systems thinking skill
for recognizing own responsibility (STS-6) holding mastery and developing levels.
They were able to think about their own responsibility in the system. Six
participants mentioned that they were part of the system, and they were aware that
individual actions had an impact on the system.

Considering the system thinking skill for constructing the relationship among past-
present and future (STS-7), three participants’ level of STS were evaluated under
the category of making connection among three time spans, and thus, they reached
to mastery level. These participants suggested that a development happening in the
past could influence the present and the future. For instance, they said that if people
continue to use Eymir in an unsustainable way, we could see the results in the
future. Five participants’ level of STS, on the other hand, was evaluated under the
category considering two time spans and developing level. They were able to
evaluate the impacts of current development trends on the future such as the impact

of today’s actions on the future of Eymir.

Another skill measured in the second interviews was related to recognizing cycling

nature of the system (STS-8). It was the first time that this skill was explored in the

participants’ responses. Based on the results, seven participants mentioned that

natural systems work in cycles, yet unsustainable human uses and climate change

affect the system. Based on the results, their level of STS was evaluated as
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developing. On the other hand, only one participant struggled to explain cycling
nature of the system and her level of STS was found as emerging.

As being one of the skills that was not initially owned by the participants making
empathy with other people (STS-9) was found as developing at the end of Module
I1. Five participants among eight developed their empathy skills. Their STS was
evaluated under the category considering other people’s perspectives in a complete
way and as mastery level. To be specific, they were able to develop empathy with
different stakeholders such as workers, visitors and students. For instance, PST-1
put forward that people working in Eymir could have economic concerns because
they earn their life there. Yet, three participants’ empathy skill was evaluated under
the category of considering other people’s perspectives in one side. As they were
not able to develop empathy with different stakeholders, their level of STS was

evaluated as emerging.

As the results displayed, three participants’ level of STS were evaluated as
considering non-human beings (STS-10) at the end of the Module Il. These
participants were able to develop empathy with non-human beings as they said that
they felt connected to the nature (especially trees) during the field trips. Therefore,
the level of their skill for empathy with non-human beings was evaluated as
developing. Five participants’ skills for empathy with non-human beings, on the
other hand, were evaluated under the category of no empathy. They expressed how
they felt in the nature during the field trips; however, they did not state their
connection with non-human beings. Therefore, the level for their empathy skill was

found as pre-aware.

The categories used in evaluating the skill for developing sense of place (STS-11)

were multi-dimensional and single-dimensional. According to the results, six

participants among eight were evaluated as having multidimensional sense of place

since they defined the place (Eymir) from more holistic and multidimensional

perspective. Participants expressed the place with its natural environment
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(biophysical dimension), the impact of place on their feelings (psychological) and
sometimes they mentioned their childhood memories and how they felt connected
to the community (socio-cultural). As these participants tried to express the place
from multidimensional perspective, the level of their sense of place skill was found
as developing. Two participants, on the other hand, were found as having single
dimensional sense of place since they expressed the place regarding only the
natural environment (biophysical dimension). Therefore, the level for their sense

of place skill was evaluated as emerging.

One of the other skills that was explored for the first time in this study was related
to adapting systems thinking perspective to personal life (STS-12). Based on the
interview results, three participants’ skill for adapting systems thinking perspective
to personal life were evaluated under the category of transformative actions for
sustainability. These participants mentioned that the course has broadened their
perspective for their future projects about sustainability and they expressed about
transformative, meaningful projects for sustainability such as a project about
sustainable use of water. Therefore, the level for their adaptation skill was
evaluated as developing. Five participants on the other hand, were found as holding
simple actions for sustainability. That is to say, they mentioned simple actions for
sustainability that they were doing or intended to do such as recycling, reducing

waste and composting. Therefore, the level of their skill was defined as emerging

219



0¢¢

Table 4.20

Developing STS through the Results of the Interviews-11

Interviews-II
STS Themes / Categories PSTs Sample Statements STS Level
Aspects of Sustainability
a.ldentifying all aspects of
sustainability PST-1,PST-2 PST-3: | define sustainability as the ~ Mastery
(e.g., environmental PST-3 state  when both people and
STS-I: (recycling, environmental environment are in a peaceful
Identifying protection), social situation.  While  development
aspects of (happiness of people) and continues, environment is protected
sustainability economic(development) as well.
b.lIdentifying two aspects PST-4,PST-5 PST-7: Sustainability =~ means Developing
of sustainability PST-6,PST-7 recycling for me. We need to
(e.g., environmental PST-8 contribute to this cycling system

(recycling, reduction of
waste) and cycling system,
human lifestyle.

because everything is connected to
each other. All living things and
non-living things are part of the
sustainability, but we sometimes
destroy this cycling system.
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Table 4.20 (Continued)

STS-2:
Seeing
Nature as a
System

1.Integral Ecology

2.Human-Nature
Relationship (HNR)

la.ldentifying more
than two aspects of
integral ecology
(e.g., behavioral
(source of oxygen,
and experience
(source of beauty)
and systems
(interactions in
nature)

2b.Holistic view

PST-1
PST-2
PST-3
PST-4
PST-5
PST-6
PST-7
PST-8

PST-3: My point of view about trees and lake
has changed. At the beginning, I see trees as
an oxygen source, source of beauty and green
space but now, after Eymir trips, | understand
that they are important for sustainability of the
ecosystems. Trees are home to many species
that we see in Eymir. | also understand how
human activities affect nature.

Mastery
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Table 4.20 (Continued)

STS-3:1dentifying
components of a
system

STS-4:Analyzing
interconnections
among the aspects
sustainability

Components of a system

a. Multiple Components

(e.g., human, forest, waste,
natural system, population
growth)

Interconnections among
the aspects of
Sustainability

a.Interconnection among
the all aspects of
sustainability

b.Interconnection among
the two aspects of
sustainability

PST-1,
PST-3,
PST-7,

PST-2,
PST-4,
PST-8

PST-5, PST-6

PST-1, PST-2
PST-3, PST-8

PST-4,PST-5,
PST-6, PST-7

PST-1: Eymir is an evolving ecosystem. Many things
affect Eymir’s ecosystem such as urbanization,
population growth and globalization. Our life style! We
are living far away from nature. We don’t know
sustainable systems and we are thinking in a linear way.
This is related to our working life and our economic
system. Our actions increase our carbon footprint, and
this causes climate change. (Mastery)

PST-1: Eymir is an evolving ecosystem. Many things
affect Eymir’s ecosystem such as urbanization,
population growth and globalization. Our life style! We
are living far away from nature. We don’t know
sustainable systems, and we are thinking in a linear way.
This is related to our working life and our economic
system. Our actions increase our carbon footprint and
this causes climate change. (Mastery)

Mastery

Developing

Mastery

Developing
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Table 4.20 (Continued)

STS-5:
Recognizing
hidden
dimensions

STS-6:
Recognizing
own
responsibility

Hidden dimensions
in a system

a.Explaining
hidden dimensions

Recognizing own
Responsibility

a.Stating the own
responsibility

PST-1, PST-2,
PST-3

PST-4, PST-5,
PST-6, PST-7,
PST-8

PST-1, PST-2,
PST-3, PST-6,
PST-7, PST-8

PST-4, PST-5

PST-1: | wrote balance in my concept map. | mean the balance
between materialism and spiritualism. We lose this balance because
of the globalization and capitalism. Materialism dominates our way
of thinking. This shapes out actions and impacts social life. We could
not build the balance, and we consume a lot. We buy new mobile
phone, new computer etc.

PST-6: We waste water. We pollute water, and we destroy the
balance. The number of rainy days is decreasing. We cause climate
change. We will see the impact of climate change more. There will
be water shortage.

PST-7: | have my own responsibility for Eymir in terms of social,
environmental and economic causes. | spend time, have fun with my
friends in Eymir. | go there. The important thing is how we use
Eymir. Of course, we will visit there. We will make an economic
contribution to the restaurants in Eymir as well. We also have to
protect the environment in Eymir. We can use Eymir without giving
harm to the environment.

PST-5: I am a person who influences the system both negatively
and positively. For example, | produce waste. This affects water,
forest and the life of the species. If | manage my waste regularly, |
could support the sustainable system.

Mastery

Developing

Mastery

Developing
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Table 4.20 (Continued)

STS-7:
Considering
the relationship
between past,
present and
future

STS-8:
Recognizing
cycling nature
of the system

Making connections
among past, present and
future

a. Making connections
among three time spans
(past-present-future)

b. Considering two time
spans

Cyclic nature of the
system

a.Explaining cycling
nature of the system

PST-1, PST-2,
PST-7

PST-3, PST-4,
PST-5, PST-6,
PST-8

PST-1, PST-2,
PST-3, PST-5,
PST-6, PST-7,
PST-8

PST-4

PST-7: In the past, people could swim in Lake Eymir.
There were swinging competitions, but not now. The lake
is not good for swimming. We are polluting the lake. If
we continue like this, we can lose the lake because
climate change also influences the lake. We could protect
Eymir, but this is not enough. Everybody should work for
the environment.

PST-8: | see that because of some regulations, the number
of visitors has decreased in Eymir. That means that there
is less human impact in Eymir. This could influence the
future of Eymir positively, but we need to care about
Eymir more.

PST-2: Nature recycles. All the wastes in nature are
recycled on their own. People can do this as well. Nature
works in cycles.

PST-4: | did not think about the cycles, but now | have
started to think whether there is a relationship or not.

Mastery

Developing

Developing

Emerging
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Table 4.20 (Continued)

STS-9:
Developing
empathy with
other people

STS-10:
Developing
empathy with
non-human
beings

STS-11:
Developing
sense of place

Empathy with people

a. Considering other
people’s perspectives in a
complete way

b.Considering other
people’s perspective in
one side

Empathy with non-
human beings

a.Considering non-
human beings

b.No empathy with non-
human beings

Sense of place

a.Multidimensional (e.g.,
biophysical, psychological
or socio-cultural)

b.Single-dimensional
(e.g., biophysical)

PST-1, PST-2
PST-4, PST-7
PST-8

PST-3, PST-5
PST-6

PST-2, PST-3
PST-8

PST-1, PST-4
PST-5, PST-6
PST-7

PST-1, PST-2

PST-3, PST-4
PST-7, PST-8

PST-5, PST-6

PST-1: I understood that we all have different perspectives.
People working in Eymir have economic concerns.
However, we see Eymir as a recreational place to visit. We
monitor water quality and we observe ecosystem there. We
don’t have any economic concerns, but these people make
a living there.

PST-3: We talked to a person in Eymir. He was trying to
do something for Eymir. He had economic concerns.

PST-4: | started to think about trees more. | care about
them. | feel connected to them.

PST-6: We had a class outside.
positive.

| feel good and more

PST-2: My experiences in Eymir reminded me of my
childhood experiences. | felt very good. When we went to
Eymir, I always remembered my childhood. When we were
climbing to the hill, I remembered many things. It was a
good experience

PST-6: This place is beautiful. We had breakfast near the
water. We observed nature in the forest.

Mastery

Emerging

Developing

Pre-aware

Developing

Emerging
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Table 4.20 (Continued)

STS-12: Adapting
Systems thinking
perspective to
personal life

Personal actions for
sustainability

a. Transformative
actions for
sustainability

b. Simple actions for
sustainability

PST-1, PST-
2, PST-3

PST-4, PST-
5, PST-6,
PST-7, PST-
8

PST-2: I can do a project about sustainable use
of water in my village. That could be related to
cleaning our waste water and using it again.
This course broadened my perspective about
my projects in my village.

PST-7: | try to reduce my waste. | could do
composting in my garden. | am thinking about
that.

Developing

Emerging




4.3.1.2.1.2.2 Concept Map Results through Module-I1

At the end of five weeks of the course, participants were asked to draw a concept
map showing the components and relationships related to sustainable use of a
natural system (Lake Eymir). Concept maps have been evaluated based on the three
STS: Identifying components and connections in a system (STS-3), recognizing
hidden dimensions (STS-5) and cycling nature of the system (STS-8) and concept
map rubric prepared by the researcher (Appendix E). Participants’ concept maps
were evaluated based on the evaluation criteria in the rubric (mastery, developing
and emerging). In order to analyze concept maps, the themes were determined
according to three STS (STS-3, STS-5 and STS-8); the themes of number of
components, connections, hidden dimensions and complexity. Table 4.21 displays

two participants’ concept map analysis based on the themes and rubric level.
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Table 4.21

Two Participants’ Concept Map Analysis Results (Module-11)

Developing STS: Results of the Concept Maps through Module-I1 STS
Themes Level
Components of the system Hidden # of # of Complexity
Dimensions Components  Connections Mastery
e.g., Eymir, water, human,  e.g., values, 26 45 Yes, Non-
PST-1 animals, forest, population linear thinking, hierarchical,
growth, borders, holistic population cycling map
thinking, moral values, growth etc.
education, linear thinking
PST-7 e.g., Eymir, social e.g., 14 14 Linear Developing
perspective, economical Recreational relationships.
perspective, environmental  area Needs to be
perspective, cafe and developed

restaurants etc.




The results revealed that three participants’ concept maps (based on three STS)
were evaluated in the mastery level. These participants showed most of the
components and connections related to the natural system (Eymir). Hidden
dimensions such as climate change, urbanization, and globalization were observed
in their maps as well. As they displayed cycling and complex relationships, the
concept maps were in a non-hierarchical shape. To be specific, three participants’
concept maps indicated that they have an understanding of every component of a
system which is related to each other and these components have complex
relationships in a system.

On the other hand, five participants’ concept maps have been evaluated in the
developing level. These participants indicated some components and connections
and hidden dimensions related to Eymir as a natural system in their maps, yet they

had difficulty in showing complex and cycling relationships.

Sample concept map analysis of one participant in mastery level (PST-1) and one
participant in the developing level (PST-7) was displayed in Table 4.21. Concept
map drawings are also given in Figure 4.5 and 4.6. According to Table 4.20 and
Figure 4.5, PST-1 used 26 components and 45 connections in her concept map.
She drew Eymir at the center of the map and displayed most of the components,
connections and also hidden dimensions such as moral values, linear thinking, and
education for sustainable development. She used components related to Eymir such
as water, animals, human, social life, natural system, ecosystem and population
growth. According to her map, these core components were linked to climate
change, education, technology, globalization and urbanization. Briefly, PST-1
created a non-hierarchical and complex concept map. Briefly, she had high level

systems thinking skills, so her concept map was assigned to mastery level.
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On the other hand, PST-7 showed 14 components and 14 connections in her
concept map. She also drew Eymir at the center of the concept map and connections
among three aspects of sustainability (environmental, social and economic) related
to Eymir as a natural system. She did not show complex and cycling relationships.

Therefore, her concept map was evaluated as developing.

[€an ¢ ¢

Figure 4.5 Concept map drawing through Module-Il (PST-1)
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Figure 4.6 Concept Map drawing through Module 11 (PST-7)

4.3.1.2.1.2.3 Summary

PSTs’ STS development during the five weeks of the course were evaluated
through three instruments (Field Reports, Interviews and Concept Maps), and the
results obtained from the three instruments allowed methodological triangulation
to increase the credibility and validity of the results. In other words, field reports,
interviews and concept maps gave similar results about STS development of PSTs.

PSTs” STS levels were found as either developing or mastery for identifying
aspects of sustainability (STS-1), seeing nature as a system (STS-2), identifying
components of a system (STS-3), analyzing interconnections (STS-4), recognizing
hidden dimensions (STS-5), recognizing own responsibility (STS-6), considering
the relationships among past, present and future (STS-7) and developing empathy
with people (STS-9). Compared to initial state of STS, all of the participants
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developed their skills and none of these skills were found in the pre-aware and

emerging level.

After the skill of STS-7, participants’ STS were dispersed to all levels (pre-aware,
emerging, developing and mastery). The skills of STS-8, STS-10, STS-11 and
STS-12 were measured for the first time through the Module —I1. At the end of the
five weeks of the course, except one participant, all of the participants started to

recognize that natural systems work in cycles (STS-8).

Yet, five of the participants among eight struggled to develop empathy with non-
human beings, and they could not develop their skill (pre-aware). Only three
participants could express how they felt connected to other species during the field
trips, and their level of STS was defined as developing. Accordingly, it is revealed
that developing empathy with non-human beings is one of the complex skills to be
developed in a course.

The situation for the skill of sense of place (STS-11) was a little different from the
previous skill. At the end of the Module-Il, six participants developed their sense
of place. These participants attributed multiple meanings (biophsyical,
pscyhological etc.) to the place (Eymir). In other words, they were holding a

multidisiciplinary lens to understand a place as a complex system.

However, there were two participants who struggled to define Eymir from
multidisiciplinary lens, and their level of STS was defined as emerging at the end
of the Module-II.

The last skill, adaptating systems thinking perspective to personal life (STS-12),
was found as emerging and developing level. Only three participants mentioned
that they had an intention to initiate transformative actions for sustainability. Other
participants mostly mentioned simple actions for sustainability such as recycling

and reducing waste.
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These results indicated that field trips to Eymir contributed to development of STS
levels of the participants. Furthermore, it was found out that there was a complexity
and hierarchy among the STS. More specifically, low levels of STS (pre-aware and
emerging) have been realized after STS-7. As complexity increased, low levels of

STS emerged through the course.

4.3.1.2.2 Developing STS through Module-I11

The third module of the course was defined as Sustainability Solutions in the
context of composting and gardening. Participants explored how natural and
human systems work together and how sustainability solutions could be produced.
The Module-I11 lasted for four weeks. Two weeks of the course were held in the
garden for planting and composting. The instruments used for collecting data on
the STS of the PSTs were the field trip report (I\V) for gardening and composting
(Appendix D), case study analysis (ll), interviews (Interview Ill) and
accompanying concept maps which were obtained during the interviews. STS
measured through field report, case study, interviews and concept maps are
presented in Table 4.22.
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Table 4.22
STS Measurement (Module-111)

Field Trip Case Study

Interviews-
I

Concept
Maps-I1I

Report-IV  Analysis-II
STS-1 Identifying aspects N
of sustainability

STS-2 Seeing nature as a
system

STS-3 Identifying V
components of a system

STS-4 Analyzing V
interconnections among
the aspects of sustainability

STS-5 Recognizing hidden
dimensions

STS-6 Recognizing own \
responsibility in the system

STS-7- Considering the
relationship between past,
present and future

STS-8 Recognizing cyclic \
nature of the system

STS-9-Developing
empathy with other human
beings

STS-10Developing
empathy with non-human
beings

STS-11 Developing sense
of place

STS-12 Adapting Systems
thinking perspective to
personal life
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4.3.1.2.2.1 Developing STS: Results of the Field Report 1V

Field Report-1V was related to finding solutions for sustainability in the context of
gardening and composting. Accordingly, the results revealed that the skills related
to recognizing own responsibility (STS-6) and recognizing cycling nature of the
system (STS-8) had been developed through the Module-11l. Gardening and
composting activities helped participants understand cycling system in nature and
their personal role in the system. As displayed in Table 4.23, participants explained
that they play an important role to transform linear system to circular system by
taking small actions such as reducing consumption, composting, recycling etc.
Moreover, participants realized that all the natural systems work in cycles, and each
component of a system is related to each other. Based on the participants’

explanations, their STS levels were found as mastery.
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Table 4.23
Developing STS though the Field Trip Report-1V

Developing STS: Field Report-1V

STS Themes / Categories PSTs Sample Statements STS Level
STS-6: Recognizing own PST-8: Nature works in cycles, but our  Mastery
Recognizing responsibility PST-1,PST- mind works in a linear way, and this
own 2,PST-3,PST-4, destroys everything. | need to think every
responsibility  a.Stating the own PST-5,PST-6, time before acting. There are small things
in the system  responsibility PST-7, PST-8 I can do to transform this linear system
such as not using plastics and not
consuming package food.
STS-8: Cyclic nature of the PST-5: Petrol based food system breaks
Recognizing system PST-1,PST- the global natural cycles. While making
cyclic nature a.Explaining cycling 2,PST-3,PST-4, compost, we could contribute to natural
of the system  nature of the system PST-5,PST-6, cycles and protect the balance among  Mastery
PST-7, PST-8 carbon, nitrogen and water cycles. Thus,

we could contribute to sustainability.
Therefore, it is not possible to separate
composting,  natural  cycles and
sustainability from each other. They are
all related. If one of these components is
affected in a negative way, others will
also be affected.




4.3.1.2.2.2 Developing STS: Results of the Case Study Analysis-11

The second case study analysis was conducted at the end of the course in order to
test the system thinking skills to identify the aspects of sustainability (STS-1), to
identify components of a system (STS-3) and analyze interconnections among the
aspects sustainability (STS-4). The participants were asked to evaluate the case
given with the title “The most expensive meat is consumed in Turkey” which was
related to losing the fertile pastures and decreasing of animal farming and their
impact on people’s social and economic life (Appendix B-Case-11). Data analysis
was based on the answers given to the questions asked related to the case.

Accordingly, the results revealed that all of the PSTs developed the skill related to
identifying aspects of sustainability (STS-1). Specifically, seven of the participants
could identify all aspects of sustainability. They evaluated the case from multiple
perspectives. They especially focused on how economic concerns and development
goals cause destruction in the environment and people’s life. As displayed in Table
4.26, for example, PST-1 mentioned that insufficient policies influence agriculture
and animal husbandry, and people living in the cities are influenced by its results.

These participants’ level of STS was evaluated as mastery.

Similarly, based on the case study analysis results, the participants’ systems
thinking skill for identifying components of a system (STS-3) was developed
through the course. All of the participants evaluated the given case from multiple
components such as agriculture, animal husbandry, urbanization, policy,
ecosystem, farmers, unemployment etc. Six of the participants’ level of STS was

found as mastery, and one participant’s level of STS was evaluated as developing.

The situation for the skill of analyzing interconnections (STS-4) was found similar

to the first skills. All of the participants could analyze interconnections among the

aspects of sustainability. Especially, six of them were able to evaluate the case by

considering environmental, social and economic aspects. For instance, they
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mentioned that development goals of the government sometimes could have
detrimental impacts on people’s lives and environment as explained in the given
case (e.g., decreasing of animal husbandry because of wrong policies) For this
reason, their level of STS was evaluated as mastery.

Only one participant’s level of STS was found as developing as he evaluated the

case regarding two aspects of sustainability (social and economic) (Table 4.24)
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Table 4.24

Developing STS through the Results of Case Study Analysis-II

Case Study Analysis-II
STS Themes / Categories PSTs Sample Statements STS
Level
STS-I: Aspects of Sustainability PST-1, PST-2  PST-1: The most important problem in this case is Mastery
Identifying a.ldentifying all aspects of PST-3, PST-5, the decrease in the number of agricultural lands
aspects of sustainability PST-6, PST-7, gradually. One of the results of this problem is that
sustainability  (environmental, economic, PST-8 people are losing their connection with nature.
social) Because of the wrong policies about agriculture and
animal husbandry, the number of buildings in the
cities is increasing, and this causes urbanization
problem.
Mastery
STS-3: Components of a system PST-1, PST-2, PST-7: In this case, because of urbanization,
Identifying a.Multiple Components PST-3, PST-6, agricultural lands are destroyed and animal
components of (e.g., agricultural lands, animal PST-7, PST-8 hushandry is decreasing. When we lose agricultural
a system husbandry, urbanization, etc.) lands, we have difficulty finding healthy food.
Later, our dependency on other countries
increasing. Our economy is affected, too.
PST-5 PST-5: This case is related to people’s Developing

unsustainable actions. Pastures used for animal
husbandry are destroyed because of development
goals.




ove

Table 4.24 (Continued)

Case Study Analysis-II

Interconnection among the
aspects of sustainability

STS-4:

Analyzing a.Interconnection among the
interconnections  all aspects of sustainability
among the (social, economic,

aspects environmental)

sustainability

b.Interconnection among the
two aspects of
sustainability(e.g., social,
economic)

PST-1, PST-2
PST-3,PST-6,
PST-7, PST-8

PST-5

PST-7: In this case, because of urbanization
agricultural lands are destroyed and animal
husbandry is decreasing. When we lose
agricultural lands, we have difficulty finding
healthy food. Later, our dependency on other
countries increasing. Our economy is affected,
too.

PST-5: These problems increase the number of
unhappy people in the system. If people (e.g.,
farmers, workers) are not happy in a country,
this will cause many more problems.

Mastery

Developing




4.3.1.2.2.3 Developing STS: Results of the Interview-111 and Accompanying
Concept maps

4.3.1.2.2.3.1 Interview-I11

Interview-111 and accompanying concept maps were conducted at the end of the
course after the completion of Module-I11. The analysis was realized in line with
the themes and categories set specifically for each STS presented in the coding
booklet (Appendix-F) through constant comparative method and by the use of
rubric developed by the researcher. The results of the analysis are presented
through the themes and categories set specifically for each STS (Table 4.25).

According to results of the third interviews, all of the participants were able to
identify aspects of sustainability (environmental, social and economic) at the end
of the course. They described sustainability as encompassing multi-dimensions,
thus, they developed a holistic view of sustainability. For instance, PST-6 said that
at the beginning of the course, his sustainability definition was only based on the
recycling, yet at the end, he realized that sustainability was more than recycling;
that is, sustainability incorporates social, economic and environmental dimensions.
In line with the participants’ definitions, their level of STS was assigned to mastery

level.

Likewise, all of the participants’ skill of Identifying components of a system (STS-
3) was found at mastery level. They determined multiple components related to
given case and sustainability solutions in the context of gardening and composting.
For instance, while they were analyzing the given case related to loss of the
pastures and decrease in animal farming, they considered environmental, social and

economic impacts of the problem together.
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Similar to the first skills, participants’ skill of analyzing interconnections among
the aspects of sustainability (STS-4) was found at mastery level after the third
module. To be specific, participants could not only define sustainability and its
aspects, but they could also analyze interconnections among these aspects (social,
economic and environmental). For instance, at the end of the course, they evaluated
the given case by considering the impact of environmental destruction on people’s
social and economic lives. In other words, they talked about how destruction of the

pastures influence animal farming, people’s social and economic lives as well.

The hidden dimensions related to sustainability solutions (STS-5) were reported by
all of participants as the impact of climate change on the environment and people’s
life. As they could recognize hidden dimensions in a system, their level of STS was

evaluated as mastery.

Similarly, all of the participants developed their skill of recognizing own
responsibility in the system (STS-6). They explained that they felt responsible for
the choices they made in their life. In general, based on the interview results,
participants recognized that they were part of a global system, and they have
responsibilities for a sustainable future. Therefore, participants’ level of STS was

found as mastery.

Considering the system thinking skill for constructing a relationship among past-
present and future (STS-7), six participants developed their skill to mastery level.
These participants could make connections among three time spans (past, today
and future). To be specific, they suggested that future events might be the results
of the current actions and past developments. For instance, PST-4 emphasized that
this course increased her ability to consider past, current and future state of the
places (Table 4.28). On the other hand, two participants could make connections
among two time spans (past and today); therefore, their level of STS was evaluated

as developing.
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Similar to the first skills, all of the participants developed their skill of recognizing
cyclic nature of the system (STS-8) to mastery level. At the end of the module-11I,
they all realized that natural systems work in cycles and there is a connection
among these cycles (water, nitrogen, carbon cycle). The results revealed that
gardening and composting activities helped them understand cycling system in the
nature in a comprehensive way. For instance, PST-1 noted that when she was

planting a vegetable in the garden, she realized that we were all part of a big cycle.

Another skill explored in the third interviews was developing empathy with people
(STS-9). At the end of the course, all of the participants stated that they could
consider other people’s perspectives. They could understand all the stakeholders’
perspectives and their reasons behind their actions. They addressed the activities
in the course such as case analysis, field trips were related to real life. Therefore,
they could build more empathy with people. At the end of the course each

participant’s empathy skill was assigned to mastery level.

Unlike the skill of developing empathy with other people, not all of the participants
developed their skill of developing empathy with non-human beings (STS-10) to
mastery level. The results revealed that only one participant developed his skill to
mastery level. He expressed his connection to all living things in the earth like
every animal, every tree. Seven participants, on the other hand stated their
connection to living things in a simple way and their level of STS was evaluated

as developing.

Likewise, participants developed the skill of sense of place (STS-11) after the third
module. According to results, especially field trips helped them feel more
connection and responsibility to the places they visited. As five participants were
able to build a multi-dimensional sense of place such as describing the places as
natural and manmade environments (biophysical), socio-cultural factors and
psychological factors, their level of STS was evaluated as mastery. Three
participants’ explanations contained two aspects such as psychological and bio-
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physical meanings of the place; therefore, their level of STS was found as
developing.

The last skill developed after the third module was adapting systems thinking
perspective to personal life (STS-12). Interview results revealed that five
participants started to adapt systems thinking perspective to their life by taking or
intending to take transformative actions for sustainability. For instance, they
mentioned that they had an intention to take personal actions for sustainability.
They expressed that they were willing to create sustainability projects like
supporting local products, increasing people’s environmental awareness and
initiating a gardening project. Therefore, five participants’ level of STS was found
as developing at the end of the course. Three participants among eight struggled to
adapt systems thinking perspective to their personal life. That is to say, they
described simple actions for sustainability such as recycling and reducing water
consumptions instead of transformative actions. For this reason, three participants’
level of STS was evaluated as emerging. Table 4.28 presents themes, categories,

level of STS and sample statements.
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Table 4.25

Developing STS through the Results of the Third Interviews (Module-111)

Interviews-I11
STS Themes / Categories PSTs Sample Statements STS
Level

STS-I: Aspects of Sustainability =~ PST-1, PST-2  PST6: Before this course, | was defining Mastery
Identifying a.ldentifying all aspects of PST-3, PST-4, sustainability as recycling, but in this course,
aspects of sustainability PST-5, PST-6, | realized that sustainability has other
sustainability (environmental, economic, PST-7,PST-8  dimensions such as social and economic. |

social) understood that everything is related to each

other.

STS-3: Components of a system PST-1,PST-2  PST-5: In the airport construction case, | Mastery
Identifying a.Multiple Components PST-3, PST-4, only thought that the forest was destroyed,
components of a  (people ‘life, economic PST-5, PST-6, but now, I also consider people living there.
system concerns, environmental PST-7,PST-8 | could see economic and social aspects of

and social concerns etc.)

this case better. As an economic concern, for
instance, the meat is imported and people
feel unhappy because of this.
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Table 4.25 (Continued)

STS-4:Analyzing
interconnections
among the aspects
sustainability

STS-5:
Recognizing hidden
dimensions

STS-6:
Recognizing own
responsibility in the
system

Interconnection among
the aspects of
sustainability

a.Interconnection among
the all aspects of
sustainability

Hidden Dimensions in a
system

a.Explaining hidden
dimensions (e.g., climate
change, unemployment)

Recognizing own
responsibility

a.Stating own
responsibility

PST-1, PST-2,
PST-3, PST-4,
PST-5, PST-6,
PST-7, PST-8

PST-1, PST-2,
PST-3, PST-4,
PST-5, PST-6,
PST-7, PST-8

PST-1, PST-2,
PST-3, PST-4,
PST-5, PST-6,
PST-7, PST-8

PST-3: For instance, in the case people leave
their land and move to the cities. This has
economic consequences. People’s social and
economic life is influenced. In the cities, they
earn less and their consumption habits
change. While we are trying to develop, we
are destroying our life.

PST-2: In the case, for instance, the impact of
climate change was not mentioned. Airport
construction will increase CO; concentration.
The trucks working there contribute to
climate change. Furthermore, unemployment
increases in the cities and this causes the
social problems.

PST-5: In this course | started to think more
about my actions. | feel that we are all part of
the system. | consider my responsibilities,
and | realized my role in the system.

Mastery

Mastery

Mastery
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Table 4.25 (Continued)

STS-7:
Considering the
relationship among
past, present and
future

STS-8:
Recognizing cyclic
nature of the
system

STS-9: Developing
empathy with other
people

Making connection
among past, present and
future

a. Making connection
among three time spans

b. Considering two time
spans

Cyclic nature of the
system

a.Explaining cycling
nature of the system

Empathy with people

a.Considering other
people’s perspective in a
complete way

PST-1, PST-2,
PST-3, PST-4,
PST-7, PST-8

PST-5, PST-6

PST-1, PST-2,
PST-3, PST-4,
PST-5, PST-6,
PST-7, PST-8

PST-1, PST-2,
PST-3, PST-4,
PST-5, PST-6,
PST-7, PST-8

PST-4: For instance, we know the state of
the Mamak landfill in the past, and we know
its current state. If that place stayed like in
the past, it would become bigger, and new
areas of lands would be used, but now we
can dream tomato fields in this place. | am
thinking about that past, current and future
state of the places.

PST-5: We are gaining experience. We do
not want to have bad experiences that
happened in the past; therefore, we know
that we need to do something.

PST-1: We started to grow tomato and other
plants. But this is not only about this. | see
that all these things are part of a big cycle. |
started to look at the big picture in this
course.

PST-7: I could understand the needs of the
people mentioned in the case. They grow an
animal, and they make a living. In Turkey,
many people have these kinds of problems.

Mastery

Developing

Mastery

Mastery
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Table 4.25 (Continued)

STS-10:
Developing
empathy with
non-human
beings

STS-11:
Developing
sense of place

Empathy with non-human

beings

a.Considering non-human

beings

Sense of place

a.Multidimensional sense
of place (e.g., Biophysical,
sociocultural, psychological)

PST-2

PST-1, PST-3,
PST-4, PST-5,
PST-6, PST-7,
PST-8

PST-1, PST-2,
PST-4, PST-7,
PST-8

PST-3, PST-5,
PST-6

PST-2: | feel that everything is connected to
each other. We are connected to this table
because we cut down the trees and contribute to
climate change. | know that | am in a connection
with all living things in the world, every animal,
every tree etc.

PST-7: | started to realize all the trees around
me. | know that they exist.

PST-2: When we visited Eymir, we met people
working there. | felt more connected and
responsible to Eymir. | realized how we
influence nature. Eymir has a history. There
were swimming competitions in the past in
Eymir, but not now. We learnt that Eymir had
water pollution problems in the past.

PST-3: | felt myself more connected to the
places. If I think more holistically, 1 could
influence my students. When we decide
something, we could consider environmental
and social aspects. Therefore, | feel more
connected to the places, nature.

Mastery

Developing

Mastery

Developing
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Table 4.25 (Continued)

STS-12:
Adapting
Systems
thinking
perspective to
personal life

Personal actions for
sustainability

a.Transformative actions
for sustainability

b. Simple actions for
sustainability

PST-1, PST-2,
PST-3, PST-6,
PST-8

PST-4, PST-5,
PST-7

PST-6: We are using industrial products
instead of local products. Yet, when |
become a teacher, | can make a garden to
grow my own products or | prefer local
markets for shopping. | can explain what
sustainability is to my students and
increase their awareness. We could take
small steps like using local products and
making compost.

PST-4: | try to reduce my time in the
bathroom. Using water unconsciously
makes me uncomfortable. I am planning
to make compost when I go to my village.

Developing

Emerging




4.3.1.2.2.3.2 Concept Map Results through Module-111

At the end of the course, participants were asked to draw a concept map showing
the components and relationships related to Module-111 (composting and
gardening). As explained in the previous section, concept maps were evaluated
based on three STS (STS-3, STS-5 and STS-8) and concept map rubric. In order to
analyze concept maps, the themes of number of components, connections, hidden
dimensions and complexity were used (Table 4.26).

The results revealed that while six participants’ concept maps were evaluated in
mastery level, two participants’ concept maps were found in the developing level.
None of the participants’ concept maps were found in emerging level. That is to
say, participants developed their STS of identifying components (STS-3), hidden
dimensions (STS-5) and cycling nature of the system (STS-8) and created concept

maps indicating more complex and cycling relationships among the components.
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Table 4.26

Developing STS through the Results of the Concept Maps-II

Developing STS: Results of the Concept Maps through Module-I11 STS

Participants Themes Level

Components of the system Hidden # of # of Complexity

o _ Dimensions Components Connections Mastery

Sustainability, sustainable e.d., 31 46 Non-
PST-4 farming, fair trade, green lifestyle hierarchical,

revolution, industrial agriculture, choices cycling and

soil quality, biodiversity, cycle complex

system, composting, food

production, linear economy etc.

e.qg., Linear, Developing

PST.7 Composting, soil quality, organic lifestyle 13 14 hierarchical

food, life style choices, choices relationships,

biodiversity, spiral garden etc. need to be

developed




Data analysis results of sample concept maps in mastery and developing level are
presented in Table 4.29. According to Table 4.26, PST-4 developed her concept
map to mastery level at the end of the course. She used 31 components and 46
connections related to gardening and composting issues in Module-Ill. She
incorporated sustainability at the center of her map and made connections among
other concepts (e.g., sustainable farming, industrial agriculture, cycling system,
climate change). Data analysis of her map revealed that she reflected most of the
components and relationships related to the issue, used hidden dimensions, and
thus, created a complex, cycling and non-hierarchical map at the end of the course
(Figure 4.7).

On the other hand, PST-5 and PST-7’s concept maps were assigned to developing
level. As displayed in Table 4.26, for instance PST-7 used 13 components and 14
connections in her map. Even though she created a concept map incorporating more
components and connections compared to the first one, her concept map included
multiple linear, hierarchical relationships instead of complex, cycling
relationships. Therefore, her concept map was evaluated as developing (Figure
4.8). Even though PST-5 and PST-7’s STS (STS-3, 5 and 8) reached to mastery
level based on the results of the third interviews, interestingly, their concept maps

were found as developing at the end of the course.
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Figure 4.7 Concept Map Drawing through Module-111 (PST-4)
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Figure 4.8 Concept Map drawing through Module-I11 (PST-7)

4.3.1.2.2.4 Summary-STS Development through Module-I11

PSTs’ STS development during the last five weeks of the course was evaluated
through four instruments (Field Reports, Case Study Analysis, Interviews and
Concept Maps). The results obtained from the four instruments allowed
methodological triangulation to increase the credibility and validity of the results.
In other words, field reports, case study analysis, interviews and concept maps

provided similar results related to STS development of PSTs.

According to interview results participants’ STS levels were found in either
developing or mastery levels. Specifically, all of the participants’ level of STS
were evaluated as mastery for identifying aspects of sustainability (STS-1), seeing

nature as a system (STS-2), identifying components of a system (STS-3), analyzing
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interconnections (STS-4), recognizing hidden dimensions (STS-5), recognizing
own responsibility (STS-6), recognizing cycling nature of the system (STS-8) and
developing empathy with people (STS-9). At the beginning of the course (Module-
I) as predicted, none of the participants’ level of STS were defined as mastery. Yet,
the results indicated that participants developed their skills to the highest level
(mastery) at the end of the Module-I11. For instance, at the beginning of the course,
participants could not identify all aspects of sustainability. They especially referred
to environmental aspect of sustainability such as recycling and reducing waste.
Furthermore, at the beginning they had difficulty identifying multiple components
related to a system and analyze interconnections among these components (e.g.,
social, environmental and economic aspects). However, through the course
participants showed an improvement on defining sustainability and its multiple
aspects, identifying multiple components of a system and relationships among
them. They defined sustainability as incorporating social, environmental and
economic aspects and how these aspects are related to each other and affect the

whole system together.

Moreover, the results unearthed that participants showed a gradual development at
the end of the course for a number of STS (STS-7, STS-10, STS-11 and STS-12).
That is to say, some participants could not reach to mastery level in those skills at
the end of the course. It is understood that these skill are more complex compared
to other skills, and it could be difficult to develop in a course.

Another interesting conclusion is that the third module which was related to
“gardening and composting activities” especially contributed to developing
participants’ skills of recognizing own personal role in the system (STS-6) and
understanding of the cycling nature of the system (STS-8). Furthermore,
participants built a connection among these two skills. They explained that they
could transform linear system created by people to cycling system through
changing their personal actions. At the end of third module all of the participants
developed these skills to mastery level.
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Participants also improved other STS which are developing empathy with non-
human beings (STS-10) and sense of place (STS-11) to developing and mastery
level. However, at the end of the course there were still participants whose level of
STS was found as developing for these two skills. For instance, only one participant
whose level of STS was found as mastery since he emphasized how he felt
connected to other living things at the end of the third module. Considering sense
of place skill, five participants described a place as including multi-dimensional
meaning for them at the end of the third module. That is to say, they developed
complex, multidisciplinary perspectives for the places (e.g., Lake Eymir) during

the course.

The last skill measured through the course was adapting systems thinking
perspective to personal life (STS-12). According to results, it was revealed that this
skill was the most complex one to develop at the end of the course. None of the
participants’ level of STS was found as mastery. Although some participants told
about their intentions to take actions for sustainability, none of the participants said
that they initiated transformative changes in their life for sustainability such as

considering carbon footprint of the food or other things while shopping.
In general, the results yielded that all of the participants showed an increase in their

STS levels at the end of the third module. As expected, none of the participants’

STS levels were found in pre-aware level.
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4.3.2 What extent do PSTs reflect systems thinking skills to instructional
Planning under the light of the outdoor ESD course?

In order to reveal to what extent PSTSs reflect systems thinking skills to instructional
planning under the light of the outdoor ESD course, PSTs were asked to prepare a
lesson plan at the end of the course. Lesson plans were evaluated in line with twelve

STS and lesson plan rubric developed by the researcher (Appendix E).

The results revealed that PSTs reflected more than half of the STS in their lesson
plans. As displayed in Table 4.30 regarding objectives and teaching procedure
parts, three lesson plans were found in the exemplary level. That is to say, PSTs
reflected more than two STS in their lesson plans such as identifying aspects of
sustainability ~ (STS-1), identifying components (STS-3), analyzing
interconnections (STS-4) and recognizing own responsibility in the system (STS-
6). Depending on the topic, participants emphasized different kinds of STS in the
lesson plans. However, identifying sustainability aspects, identifying components,
analyzing interconnections, recognizing hidden dimensions and recognizing own

responsibility were the skills that were revealed most in the lesson plans.

Regarding objectives and teaching procedure parts, two lesson plans were found in
the making progress level. That is, PSTs tried to integrate STS to their objectives
and teaching activities; however, they sometimes could not reflect consistency
between objectives and teaching activities. Based on the topic, they mostly
emphasized the skills of identifying sustainability aspects, identifying components

of a system and recognizing own responsibility.

As explored in the data analysis of the lesson plans, assessment was the most
difficult part to integrate with STS. PSTs struggled to prepare an assessment tool
to measure STS at the end of the lesson plan. Only PST-3’s assessment part in the

lesson plan was found in the exemplary level. She mentioned that she planned to
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ask students to draw a concept map showing the components and relationships

related to topic which she planned to teach.

In general, as predicted, PSTs, whose level of STS were found as mastery or
developing at the end of the outdoor ESD course, prepared lesson plans about
incorporating a systems thinking perspective. To be specific, they planned to
integrate aspects of sustainability into relevant topics, emphasize components and
relationships in the system, human role in the system and also cycling nature of the

system. Table 4.27 presents lesson plan analysis results of the participants.
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Table 4.27

PSTs’ Lesson Plan Analysis Results

Lesson Plan
Analysis
Participants PST-1/PST-8 PST-2/ PST-6 PST-3 PST-4 PST-5/ PST-7
Topic Ecosystem Soil Erosion Electricity Recycling Human Body
Systems
STS reflected STS-1, STS-2, STS-1, STS-3, STS-1,STS-2, STS-1, STS-3, STS-1, STS-3,
in the lesson plans ~ STS-3, STS-4, STS-5, STS-6, STS-3, STS-4, STS-6, STS-8 STS-4, STS-6,
STS-5, STS-6, STS-7 STS-5, STS-6, STS-8, STS-12
STS-8 STS-7, STS-9
STS-11, STS-12
Objectives Exemplary Making Progress Exemplary Making Progress Exemplary
Teaching Exemplary Making Progress Exemplary Making Progress Exemplary
Procedure
Assessment Making Progress Needs Exemplary Making Progress Needs

Development

Development




4.3.2.1 Reflecting STS in the Lesson Plans (PST-1 and PST-8)

PST-1 and PST-8 prepared a lesson plan about ecosystem topic. The reason why
they chose this topic was that they could easily integrate systems thinking
perspective into this topic. Specifically, they focused on the elements of an
ecosystem and interactions among them. In the objectives part, PST-1 and PST-8
included objectives related to identifying elements of an ecosystem (STS-3),
explaining relationships (STS-4), and recognizing human impact in the ecosystems
(STS-6). They also intended to give sustainability perspective while explaining
human-nature relationship in their lesson plan. They incorporated sustainability,
sustainable living, and system concepts in their lesson plan. In the teaching
procedure, participants included activities which were consistent to the objectives.
First, they planned to use discussion method. They planned to ask students the
elements of an ecosystem, interactions among living and non-living components,
and the question about how natural systems work (STS-2). Second, they intended
to ask students to go outside and observe elements of an ecosystem and interactions
among them. Later, they planned to ask students to create a concept map showing
the elements and interactions in the ecosystem they observed. Thus, they planned

to initiate a discussion environment about human impact on the ecosystems.

For the assessment part, participants planned to ask students to write an essay about
the question of what is the effect of melting of glaciers as a result of human
activities on the different kinds of ecosystems. They planned to measure several
STS with one question, yet it is not certain which STS they intended to measure.

Therefore, they need to develop assessment part of their lesson plan.

In summary, PST-1 and PST-8’s lesson plans reflected systems thinking
perspective. They integrated several STS into their lesson plan in order to develop
students’ skills. In the third interviews, participants were asked to explain how they

prepared their lesson plan in order to get more detailed information. For instance,
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PST-1 stated that they planned to teach elements of an ecosystem, interactions and

cycling nature of the system as presented in the vignette below:

PST-1: We chose the topic of ecosystem because it is not possible to think
any component of an ecosystem separated from each other. In the outdoor
activity part, we planned to ask students to create a map including birds,
trees. We intended to initiate a discussion environment by asking students
the question of when we removed a tree from the system, what would
happen? Thus, we planned to develop their understanding about cycling
nature of the system. For example, when we remove the trees, this will
affect the soil. When students observe this, they will understand the
ecosystems better. We could develop a holistic understanding in that way.

Figure 4.9 presents summary of the lesson plan analysis of PST-1 and PST-8.

/ Sample Objectives: \

1.1dentify the concepts of

Grade Level: 7" species, habitat,ecosystem, and
Topic: Ecosystems food web

Big ldea: 2.Discuss different kinds of
Elements of an ecosystem and | €cosystems

Interactions among them 3.Explain the interactions

between non-living and living

comnonents of the ecosystems

Lesson Plan
Analysis

Assessment:

Teaching Procedure: iti
ching Procedure Essay Writing

Discussion and Field Trip

- J

Figure 4.9 Summary of the lesson plan analysis (PST-1 and PST-8)
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4.3.3 Overview

In this part, two research questions were investigated: 1. How can PSTs’ systems
thinking skills be developed through the outdoor based ESD course? and 2. To
What extent do PSTs reflect their systems thinking skills to instructional planning
under the light of the outdoor ESD course?

The first research question was answered through incorporating three modules (I-
[1-111) of the course while using a series of qualitative data gathering instruments
(essay writing, interviews (I-11-111), case study analysis (I-11), concept maps and
field reports). In Figure 4.10, each participant’s developmental pattern is portrayed
according to modules of the course (time). In terms of participants’ initial level of
STS and their STS development, two groups were identified. One group was
defined as participants who showed gradual development in STS and the other

group was defined as participants who showed substantial progress in STS.

Participants who showed gradual development in STS:

These participants’ (PST-1, PST-2 and PST-3) starting point in STS was higher
than other participants, and they showed a gradual increase in their skills to higher
levels through the course. In other words, these three participants’ initial levels of
STS were found as emerging or developing, and during the course they developed
their skills to developing or mastery level. Three participants’ patterns especially
in nine STS (STS-1 to STS-9) are consistent with each other. In the skills of
identifying aspects of sustainability (STS-1), seeing nature as a system (STS-2),
identifying components of a system (STS-3), recognizing hidden dimensions (STS-
5), recognizing own responsibility in the system (STS-6) and recognizing cycling
nature of the system (STS-8), participants developed their skills from developing
to mastery level. In terms of the skills of analyzing interconnections among the
aspects of sustainability (STS-4), considering the relationship between past,
present and future (STS-7) and developing empathy with people (STS-9) while
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participants’ initial level was emerging, and they developed their skills to mastery
level.

On the other hand, in relation to skills of developing empathy with non-human
beings (STS-10), sense of place (STS-11) and adapting systems thinking
perspective to personal life (STS-12), participants’ development patterns were
different. For instance, PST-1’s empathy skill with non-human beings was in the
pre-aware level at the beginning of the course, she developed her skill to
developing level at the end of the course, yet PST-2’s initial level for empathy skill
was evaluated as developing his skill stayed at the same level at the end of the
course. Furthermore, participants improved their skills of sense of place and

adapting systems thinking perspective to developing and mastery level.

For instance, PST-1 expressed how her view related to natural systems had changed
during the field trips. At the beginning of the course, she simply described Lake
Eymir from multiple perspectives like Eymir as a source of water, as a habitat for
the species and as a living system. Therefore, her level of STS-2 was evaluated as
developing. Nevertheless, through the course, she improved her perspective related
to natural systems. In addition to above-mentioned characteristics, she described
the importance of human-environment relationship in Lake Eymir. She explained
that she understood how the life had changed in Eymir over time due to the human
activities. Furthermore, she said that calculation of the amount of carbon in the
trees expanded her view related to natural systems. She stated that she better
understood how natural systems worked. Indeed, she developed her skill of seeing
nature as a system through the course. PST-1, PST-2 and PST-3’s STS
development patterns according to weeks (2" week, 7" week and 11" week) are
presented in the following figures (Figure 4.10).
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Participants who showed substantial progress in STS:

Although there are slight differences related to STS levels among five participants
(PST-4, PST-5, PST-6, PST-7, PST-8), they were grouped as participants who
showed a substantial development in the outdoor ESD course.

These participants’ initial level of STS was usually found as emerging or pre-
aware, and through the course they showed a substantial increase in their skills. To
be specific, while participants’ STS level was evaluated as pre-aware, at the end,
they improved their skill to mastery level. For instance, five participants improved
the skill of seeing nature as a system (STS-2) from emerging to mastery level; thus;
they demonstrated a significant development in their skill. For example, in the
second interview PST-6 said that his view about natural systems had changed and
now he could recognize that everything is connected to each other and everything
has a role in the ecosystems. He also said: “Now, I could understand that we need

all these natural systems (e.g., lake and trees)”.

Another example is that these five participants defined sustainability as including
only environmental aspect at the beginning of the course (Table 4.17). For instance,
PST-4 said that sustainability was related to recycling. However, at the end of the
course, she defined sustainability in a more comprehensive way and she explained:
“Sustainability means using natural resources by considering the next generations’
needs”. She also added: “We need to consider next generations, for example,
people could use and benefit from Lake Eymir, but they need to protect it as well”.
She also explained that gardening and composting activities (Module-I11)
especially helped her understand natural systems work in cycle (STS-8). Moreover,
it is evident in her concept map that she developed her STS (Figure 4.7). That is,
she could identify multiple components and relationships related to gardening and
composting issues. Furthermore, she put sustainability concept at the center of her
map, and she showed connections among several dimensions (e.g., cycling system,

sustainable farming) and sustainability.
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In general, most of the participants improved their skills of STS-1, STS-2, STS-3,
STS-4, STS-5, STS-6, STS-7, STS-8 and STS-9 to mastery level. However,
especially complex skills (STS-10, STS-11 and STS-12) stayed in the developing
and emerging level at the end of the course. For instance, none of the participants
developed their skill of adapting systems thinking perspective (STS-12) to mastery
level.

They expressed their intention to take transformative actions for sustainability, yet

some of them described taking simple actions (e.g., recycling) for sustainability.
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In summary, these results unearthed that there are individual differences in STS
developmental pattern. In particular, participants whose initial STS level is higher
than that of other participants showed a gradual increase in their skills. Yet,
participants whose initial STS level is lower (pre-aware or emerging) than that of

the other participants indicated a substantial progress in their skills.

Furthermore, it is revealed that there is a meaningful hierarchy among the skills
and participants’ STS development change in terms of complexity of the skills.
Especially, most of the participants showed a slow improvement in the last skills
(STS-10, STS-11 and STS-12). In other words, these skills are more complex than

other skills.

Moreover, participants who could define aspects of sustainability (STS-1) could
also identify components in a system (STS-3) and analyze interactions among these
components (e.g., social, economic and environmental) (STS-4). If their level of
STS-1 is found in the low level (emerging or pre-aware), it is difficult to reach to
high level in STS-4 as STS-4 is more complex that STS-1 and STS-3. Nevertheless,
the researcher does not claim that there is an accurate hierarchical relationship
among twelve skills. As displayed in Figure 4.11, there could be four hierarchical
levels based on the results. That is, STS-12 is the most complex skill indicated at
the top level, and STS-10 and STS-11 are the second most complex skills.
Furthermore, STS-4, STS-5, STS-6, STS-7, STS-8 and STS-9 could be defined as
the third complex skills. Yet, it is not evident that there is a certain hierarchical
level among these skills. For example, even though one person could develop
empathy with human-beings (STS-9), he/she may not be able to recognize cycling
nature of the system (STS-8). On the other hand, the simplest skills are identified
as STS-1, STS-2 and STS-3 that could be developed easily through the course as

shown in Figure 4.11.
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Figure 4.12 also displays that there is a dispersion in the participants’ STS
developmental pattern from the basic skills to complex skills. In particular, all of
the participants improved their skills (STS-1 to STS-9) to mastery level at the end
of the course, yet participants’ other skills (STS-10, STS-11 and STS-12) were

found in various levels (emerging, developing and mastery).

STS-12: Adapting Systems thinking perspective to
personal life

STS-11: Developing sense of place
STS-10:Making empathy with non-human beings

STS-7:Considering the relationship between past,
present and future

STS-9: Making empathy with people

STS-8: Recognizing cycling nature

STS-6:Recognizing own responsibility in the system
STS-5:Recognizing hidden dimensions

STS-4: Analyzing interconnections among the aspects
sustainability

STS-3: Identifying components of a system
STS-2: Seeing nature as a system
STS-1: Identifying aspects of sustainability

\ /;}\—/

Figure 4.11 Systems Thinking Skills (STS)
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Secondly, researcher investigated to what extent PSTs reflect their systems
thinking skills to instructional planning under the light of the outdoor ESD course.
In order to answer this research question, participants’ lesson plans, prepared at the
end of the semester, were analyzed. The results revealed that all of the participants
explicitly reflected a number of STS in their lesson plans. As expected, participants
intended to integrate the skills which they improved into the highest level at the
end of the course such as identifying aspects of sustainability (STS-1) and
identifying components of a system (STS-3). In the lesson plans, they mostly
emphasized the skills of identifying components of a system (e.g, Ecosystem),
hidden dimensions, relationships among the components (STS-5), integration to
sustainability and understanding personal responsibility in a system. On the other
hand, most of the participants were unable to address several complex skills which
are develop empathy with non-human beings (STS-10), sense of place (STS-11)
and adapting systems thinking to personal life (STS-11). Figure 4.12 presents all
of the participants’ STS development patterns through the outdoor ESD course.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

This chapter presents discussion of the results, conclusion and implications for
science teachers, science teacher educators, curriculum developers and ESD
educators.

5.1 Discussion of the Results

Discussion of the results is presented in three stages which are competencies for
science teachers to become ESD educators, STS measurement tools and PSTs’
current level of STS and finally developing systems thinking skills through an

outdoor-based ESD course.

5.1.1 Competencies for Science Teachers to Become ESD Educators

The main purpose of this thesis was to explore how science teachers could become
ESD educators. The required competencies for science teachers to become ESD
educators were explored through gap analysis as the first step to achieve the main

purpose.

Changing perspectives in science and SE due to the paradigm shifts has brought up
the discussion related to the role of science teachers in the 21% century. The main
reason for these discussions is the current state of the world as current problems
we face in the 21% century are complex, and there are wicked sustainability

problems such as climate change, poverty, desertification, degradation of the
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ecosystems, unsustainable consumption and exploitation (UNECE, 2011; Wiek et
al., 2011). As stated by Capra and Luisi (2014), global problems of today like
climate change, food security and energy cannot be understood in isolation. They
are all systemic problems which are all interrelated. Therefore, such problems need
systemic solutions that could only be possible by creating sustainable societies that

work with the rules of nature.

Today, the need for sustainability has drawn more attention in order to promote
people to question their own life styles and current system, encourage them to live
in a sustainable way and build sustainable societies (e.g., UNECE, 2011). As
education is seen as a key factor to achieve sustainability (UNCED, 1992),
individuals’ competencies including teachers have been discussed at all levels of
education programs from pre-school to higher education (e.g., Rieckmann, 2012;
UNECE, 2011). Accordingly, with the major purpose to equip STs to become ESD
educators, the first step achieved in this thesis was to investigate competencies for
STs and ESD educators. As a result, systems thinking has arisen as a critical

competency for STs to become ESD educators.

The importance of systems thinking has been addressed in both SE and ESD
literature. In ESD literature, for instance, Sleurs (2008) determined competencies
for ESD educators such as values, emotions and systems thinking. The authors
determined specific systems thinking skills for teachers. Furthermore, UNECE
(2011) addressed that in all education fields educators should have ESD
competencies, and it was reported that systems thinking is one of the core

competencies for ESD educators.

Within the framework of the above mentioned need, a considerable research
focused on developing integrative framework for sustainability competencies.
Weik et al. (2011), for example, developed an integrative framework of

sustainability competencies and identified systems thinking as the critical
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competency for sustainability. Similarly, Rieckmann (2012) reported that systems
thinking is one of the most important sustainability competencies that students
should develop in higher education. In ESD literature, systems thinking has also
been accepted as a component of sustainability literacy as well (e.g., Nolet, 2009;
Strachan, 2009).

The importance of systems thinking has also been emphasized in SE literature. A
number of researchers pointed out that students in the 21% century should be
educated as systems thinkers (e.g., Assaraf & Orion, 2005, 2010; Chandi, 2008;
Hogan & Weathers, 2003; Keynan et al., 2014; Kali et al., 2003; Shepardson et al.,
2014). Furthermore, a number of researchers (e.g., Burmeister et al., 2012; Carney,
2011; Choi et al., 2011, Dutton-Lee, 2015; Foley et al., 2015), implied that
sustainability concept should be integrated into SE programs and science teachers’

systems thinking skills should be developed.

In the same way, systems thinking has emerged in the last SE framework developed
by NRC (2012). In the report of NRC (2012), systems thinking has been addressed
especially in science and engineering context. This has been pronounced as a good
effort to put forward systems thinking in SE framework. However, although
systems thinking has been included, it is criticized that the report holds limitations
in terms of sustainability perspective. In a recent paper, for instance, Zeidler (2016)
stated that STEM addressed by NRC (2012) lacks socio-cultural perspective in
order to raise responsible and informed citizens in the world. Similarly, Feinstein
and Kirchgasler (2014) asserted that new SE framework lacks social, ethical and
political dimensions and emphasizes a narrow vision of sustainability. It could be
interpreted that systems thinking has not been emphasized in a broader sense by
NRC (2012).

As a result of the gap analysis carried out in this thesis, SE and ESD researchers

emphasized that Turkish science teachers do not have the required competencies
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for ESD. They also stated that most of the science teachers in Turkey cannot define
sustainability and ESD because ESD is not included in the teacher education
programs. Similarly, it was addressed by several researchers for Turkish samples
that pre-service teachers (including science teachers) don’t have an integrated
understanding of sustainability (e.g., Alkis & Oztiirk, 2007; Sagdig, 2013; Sahin,
2008). The reason for this could be that lecturers in the teacher education programs
do not integrate sustainability into their lectures, and they do not have a holistic
view of sustainability (Cavas et al., 2014). As a result, a number of research papers
related to teacher education in Turkey (e.g., Alkis & Oztiirk, 2007; Kiling & Aydin,
2011; Sahin, 2008; Tuncer et al., 2006; Tuncer, 2008) stress that ESD should be
integrated into teacher education programs. The situation is not different in other
countries. For instance, in a recent study conducted in Spain, Cebriyan and Junyet
(2015) have reported that pre-service teachers do not have competencies related to
ESD. That is, teachers do not have a holistic understanding of ESD in which social,
economic, environmental and cultural aspects are interrelated. Similarly, in another
study employed in Germany, Burmeister, Eilks and Jacob (2013) noted that science
teachers do not have enough knowledge and skills related to ESD and they rarely
apply holistic structure of ESD (combining social, economic and environmental
aspects) to their lectures. In Finland, Juntunen and Aksela (2014) also emphasized
that science teachers should be equipped with ESD skills in order to help their

students to cope with the changing world.

Consequently, results of the gap analysis section of the current study are consistent
with the relevant literature, and it is suggested that there is a need to develop ESD
competencies of science teachers, and especially, systems thinking as a critical skill
for both SE and ESD. Hence, the gap to be fulfilled for STs becoming ESD

educators is systems thinking skills.

281



5.1.2 STS Measurement Tools and PSTs’ Current Level of STS

5.1.2.1 Systems Thinking Skills and Measurement Tools

After determining systems thinking as the core competency for science teachers to
become ESD educators, the second question of the thesis was related to
measurement of STS. Before beginning with developing the measurement tools,
however, twelve systems thinking skills in SE and ESD context have been
determined based on the relevant literature (e.g., Assaraf & Orion, 2005; Hargens,
2005; Nolet, 2009; Sleurs, 2008; UNECE, 2011).

The first skill was defined as identifying aspects of sustainability (STS-1) and was
described by several researchers. Nolet (2009), for example, explained that systems
thinking is not only related to ecological relationships but also related to identifying
the links among ecological, social and economic systems. Doucette et al. (2012)
also noted that identifying social, economic and environmental aspects of
sustainability was one of the components of systems thinking. Similarly, the skill
for identifying aspects of sustainability was emphasized by Sleurs (2008) and
UNECE (2011) as one of the competencies for ESD educators. The key concern of
systems thinking is related to understanding relationships and interactions in a
system (Sterling et al., 2005). This system could be any system such as a natural
system, an economic or social system. A systems thinker is able to recognize
holistic nature of sustainability, and he/she could evaluate a system from diverse
aspects of sustainability. For example, a teacher who holds this skill could help
students look at issues from a broader perspective as considering social,
environmental and economic aspects of the issues (e.g., Sleurs, 2008). As the
results of this thesis indicated that, identifying aspects of sustainability could be

the first step to explore STS in ESD context.
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Seeing nature as a system (STS-2) has been accepted as one of the STS in this study
because, as Capra (2005) stated, living systems constitute integrated systems and
an ecosystem could not be understood by dividing it into small parts; hence, nature
should be seen as a living system (Capra, 2005). Similarly, Hargens (2005)
suggested integral ecology framework in order to understand environmental
systems from holistic perspective. Individuals who could identify aspects of
sustainability could also recognize natural systems from a holistic notion. Natural
systems do not only have economic value, they also have social, environmental,
aesthetic and cultural values. Therefore, it is important to see natural systems in an
integrated way, not in a reductionist way (e.g., Capra & Luisi, 2014). Having this
skill could help both students and teachers understand integrative structure of
complex systems in science and sustainability. Only with this systemic view, we

could produce solutions to multidimensional problems of this century.

Identifying components of a system (STS-3) was the third skill explored as in the
study. It has been defined as identifying components in any system such as a lake
system, a forest system or any case related to sustainable or unsustainable use of a
system. ldentifying components of a system was also described as one of the
systems thinking skills by several researchers in different contexts. For example,
Assaraf and Orion (2005) defined the skill in the earth system context (identifying
components of the earth system). Furthermore, Shepardson et al (2014) adapted
this skill to the climate system, and they defined it as identifying components and
interactions in a climate system. Doucette et al (2012) defined the skill in
sustainability context as identifying conflicts in a sustainability issue. This skill
was explored as one of the basic and fundamental characteristics of systems
thinking in this thesis. As the results revealed, in order to achieve a higher skill like
evaluating interactions in a system, first, individuals need to be able to recognize

various components in a system.
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The fourth systems thinking skill defined in the context of this thesis was analyzing
interconnections among the aspects of sustainability (STS-4). There are a number
of definitions related to interconnections among the aspects of sustainability as a
component of systems thinking. Nolet (2009), for example, stated that systems
thinking requires understanding interconnectedness among social, economic and
environmental aspects. Similarly, Capra and Luisi (2014) asserted that current
world problems are systemic and interrelated; therefore, they need systemic
understanding and systemic solutions. Therefore, in order to understand complex
and systemic problems and find systemic solutions STS-4 was considered as an
important skill that a systems thinker should have. Therefore, the skill to make
interconnections among the aspects of sustainability was assumed as more
challenging and complex than previous skills (STS-1, STS-2 and STS-3).

The fifth of the twelve systems thinking skills was defined as recognizing hidden
dimensions in a system (STS-5). It was implied that systems thinker should
recognize hidden dimensions in a system that could not be seen at first glance. One
of the authors who defined the skill as a component of systems thinking is Assaraf
and Orion (2005). The authors described it as recognizing dimensions in a hydro-
cycle system that could not be seen at first glance. Moreover, STS-5 could be
linked to identifying components and analyzing interconnections in a system in
ESD context because today’s complex problems were interrelated and could not be
understood in isolation (e.g., Capra & Luisi, 2014). For example, individuals could
make connection among population increase, agriculture, culture, land use change,
deforestation, food production and consumption, economy, water, climate change
and biological diversity loss, and they could understand the interrelation among
these problems. Beyond understanding the interrelations, a system thinker could
realize hidden components in these complex problems such as being aware of the
life-cycle process of the things used every day. Therefore, recognizing hidden
dimensions is one of the vital skills that requires more than making

interconnections among the aspects of sustainability (STS-4).

284



The sixth skill determined in this thesis possesses a different perspective compared
to the former ones, which were related to seeing nature as a system of
interconnections and hidden dimensions. Recognizing own responsibility in the
system (STS-6) is related to personal responsibilities, personal choices in life, and
it is important in both SE and ESD. As reported by a considerable number of
authors in the SE and ESD literature, there is a need to raise globally responsible
citizens who could take action for sustainability (e.g., Carter, 2008; Choi et al.,
2011; Moseley et al., 2015). Being aware of how our actions, behaviors or
decisions are have an impact on other people’s lives, and nature could help us see
the bigger picture (Zulauf, 2007). Therefore, a systems thinker should be aware of
his/her personal role and take responsibility for the choices made during the day.
UNECE (2011) also reported recognizing own responsibility as one of the
competencies for ESD educators. Similarly, Sleurs (2008) described that a teacher
should be aware that he/she is a part of the system and what role he/she plays in
the system. For example, a science teacher could teach students to appreciate the
impact of science and technology on our life, but also help them realize the
environmental, social, ethical and moral impacts and promotes students to realize
their personal responsibilities on these impacts. The previously mentioned
characteristics of systems thinking could only provide a partial picture yet, this
skill, recognizing own responsibility holds a strong impact on the individuals to
transform their life for sustainability. Therefore, it is not enough for a systems
thinker seeing nature as a system, making interconnections among the aspects of
sustainability and recognizing hidden dimensions, but it is also required to

recognize personal responsibilities.

Furthermore, another skill was defined as considering the relationship among past,
present and future (STS-7). Assaraf and Orion (2005) described the skill as a
component of systems thinking; thinking temporarily: retrospection and

prediction. The authors noted that students should able to understand that present
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interactions might be the result of the past events, and that future events could be
predicted based on the present actions. Considering the relationship among past,
present and future is important that individuals could draw lessons from the past
events by making decisions for the present and future. Similarly, UNECE (2011)
reported that understanding the relationship between past, present and future as one
of the competencies for ESD with an explanation that educators could critically
analyze past and present events while exploring alternative futures for
sustainability (UNECE, 2011). Holding this skill is important because while
discussing sustainability issues, individuals could realize that every problem and
every issue has a history and evaluating the history of the problems could open a
new perspective for the individuals. As Einstein said, “no problem can be solved
from the same level of consciousness that created it”. If people are aware of the
consequences of the problems in the past, they could make healthy decisions for

today and for the future.

Recognizing cycling nature of the system (STS-8) was the eighth systems thinking
skill defined in this thesis as one of the key characteristics of systems thinking, and
it was revealed in both SE and ESD. The skill was defined as understanding natural
systems work in cycles, and natural cycles are related to each other. Having this
skill is important in SE because teachers could realize the interactions among the
natural cycles such as carbon cycle, water cycle and human interference on them
instead of explaining the cycles in isolated parts. Therefore, it is critical to
understand holistic structure of the natural systems. This skill is also important for
ESD since individuals could realize that they are all part of this cycling system.
Thus, this skill could contribute to both SE and ESD context in terms of developing
STS. In the literature, Assaraf and Orion (2005) described the skill as a component
of systems thinking and emphasized that it refers to understanding the cycling
nature of the world such as hydro-cycle system including sub-cycles. Keynan et al.
(2014), on the other hand, included cyclic thinking as a systems thinking skill in

ecology context. Capra and Luisi (2014) used the skill for recognizing cycling
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system in the context of sustainability and suggested that people are dependent on
the cyclical process of nature. Thus, the related literature defined and used STS-8

in identical meanings.

The skills for developing empathy with people (STS-9) and with non-human beings
(STS-10) were defined as affective aspects of STS and were explored as complex
and gradually developing skills in this study. Sleurs (2008) addressed that building
empathy with people is related to emotion domain of ESD competencies, yet it is
also related to systems thinking because it helps us develop worldviews and
systemic view of the world. Moreover, by developing empathy, it is possible to
understand people’s needs or perspectives behind their actions without blaming
them (e.g., Sterling et al., 2005). What is more, empathy with non-human beings
was also included as a component of systems thinking. Because, as Sleurs (2008)
reported, building empathy is not only related to people, it is also related to non-
human beings and the whole nature (Sleurs, 2008). As mentioned before,
competency term has been defined in this thesis as including both affective and
cognitive components. In order to show a broad picture of systems thinking,
affective components were included as characteristics of STS. Because holding
positive affective skills like building empathy with people and nature could

develop individuals’ intention to take action for sustainability (e.g., Sleurs, 2008).

Another skill related to affective aspects of STS was determined as developing
sense of place (STS-11). Sense of place was suggested in this study as a systems
thinking skill because sense of place is a multi-dimensional concept, and it is
related to holistic view of ESD (Moseley e al., 2015). Through developing sense
of place, individuals could understand complex nature of the places, and they could
feel a sense of connection. Tilbury & Cooke (2005) pointed out that systems
thinking help individuals build a sense of connection to the places. In the same
way, Sleurs 2008) defined building sense of connection as a component of systems
thinking for teachers in ESD. The individuals who have this skill will look at the
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issues from a wider perspective and will restore their connection with the places,
nature, other people and the whole world (Sleurs, 2008). Sense of place revealed
in this study was related to building deep and meaningful connections with the
places. As Ardoin (2006) described, sense of place refers to attributing different
meanings to a place such as psychological, political, biophysical and feeling
relatedness. Sense of place was assumed in this thesis as one of the complex and
higher order skills of systems thinking. Sense of place combines psychological,
environmental, cultural, social, economic and political concepts together and
develops a healthy sense of connection with the places (Ardoin, 2006). Moreover,
as expected in this thesis, outdoor education contributed to developing sense of
place of the individuals. Likewise, Orr (2004) noted that the study of the local
places provides a wider, interconnected understanding of the places and ultimately,

“landscape shapes mindscape” (p.93).

As consequence, as it is described above, both affective (e.g., building empathy,
sense of place) and cognitive aspects (e.g., identifying components, analyzing
relationships) were included as systems thinking skills for science teachers to
become ESD educators in this thesis. This is one of the features that distinguishes
this research from many similar ones as affective aspects have generally been
neglected in SE. As Kauertz et al. (2012) reported, for example, competencies in
SE are mostly evaluated by cognitive aspects, and affective aspects are ignored.
Littledyke (2008) also argued that affective and cognitive domains should be
incorporated into SE to develop a sense of relationship and responsibility for the
environment. Hence, the systems thinking skills defined and used in this thesis as
required competencies for STs become ESD educators are comprised of affective
and cognitive domains and are in line with the idea reflected by several authors
such as Sleurs (2008), Littledyke ( 2008), Kauertz et al. (2012) and UNECE (2011).

Likewise, in addition to cognitive and affective aspects, the systems thinking skills

of this study also included action aspects. The last skill was defined as adapting
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systems thinking perspective to personal life (STS-12). It was defined as the most
complex and challenging skill in this study. To be specific, it was assumed that the
skill for action could be improved after other skills were developed. In line with
the UNECE (2011) description of taking responsible actions for sustainability as
one of the key competencies for ESD educators, this skill was described as systems
thinkers’ transformative actions for sustainability. It was asserted that systems
thinking helps individuals create a link between knowledge and action and

integrate sustainable behaviors into personal life (Sleurs, 2008).

The next step after defining the twelve systems thinking skills according to relevant
literature was to develop and/or adapt a series of qualitative data collection tools.
STS measurement tools used in this study were essay writing, case study analysis,
semi-structured interviews, concept maps and field reports. In the literature,
however, the tools used for measuring STS have generally been developed in
specific contexts and are in the forms of interviews, written samples, case study,
concept maps, and classroom discussions (e.g., Assaraf & Orion, 2010;
Brandstadter et al., 2012; Connel, et al., 2012). For instance, Assaraf and Orion
(2005; 2010) evaluated systems thinking skills of high school students by using
interviews, concept maps, drawings and observations. Yet, they suggested and
implemented tools for assessing STS for higher education which are written
samples or case studies (e.g., Brandstadter et al., 2012; Connel, et al., 2012;
Doucette et al., 2012; Wang & Wang, 2011).

In line with the relevant literature (e.g. Shepardson et al. 2014) and depending on
the experience gained during the pilot study, essay writing was used to measure
specifically one systems thinking skill (seeing nature as a system-STS-1).
Participants were only asked “What does a tree and lake mean to you?” Thus, based
on the results, it was revealed that essay writing could be used to evaluate STS-1

in condition that the essay is related to defining a part of a natural system.
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Case study analysis was another data collection tool found as useful to measure
three STS (identifying aspects of sustainability, components of a system and
analyzing interactions among the aspects of sustainability). Case studies are mostly
used in sustainability context. Similarly, Doucette et al. (2012) and Connel et al.
(2012) measured STS through using cases related to sustainability, and they asked
students identify and analyze sustainability challenges in the case.

Concept map was also found as effective tool in SE and ESD context in order to
measure PSTs’ STS (identifying components in a system, identifying hidden
dimensions and recognizing cycling nature). Researcher did not interfere
participants’ concept map drawings and they drew different kinds of concept maps
related to content. According to data analysis results, it was revealed that concept
maps could be used to measure, especially, simple systems thinking skills. Tripto,
Assaraf and Amit (2013) also emphasized that concept maps could be useful to
measure lower level of STS. Moreover, several authors (e.g., Assaraf & Orion,
2005; 2010; Brandstadter et al., 2012; Safayani et al., 2005) addressed that concept
maps are powerful and efficient tools to measure systems thinking. Besides,
Brandstadter et al. (2012) pointed out that concept maps could be more effective
for large scale samples than interviews or observations.

Based on the results of this study, it could be interpreted that essay writing, case
study and concept maps used in this study are effective and practical tools for
measuring several systems skills, and they could be used for large scale samples

easily.

Additionally, interviews were found as useful to measure twelve STS of PSTs in
SE and ESD context. Interviews were conducted in order to validate participants’
answers in the essay writing, case study, concept maps or field trips. Thus, more
detailed, rich explanations were manifested in the interviews. Furthermore, Assaraf
and Orion (2005, 2010a, 2010b) conducted interviews in the Earth science context
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to measure specific systems thinking skills of the students to get in-depth
information.

Field reports were also used to measure specific STS of the participants. Yet, field
reports may not be effective to give sufficient information; therefore, they need to

be validated by other tools.

Another outcome of this study was developing a rubric to evaluate twelve systems
thinking skills. Using the rubric including four categories (mastery, developing,
emerging and pre-aware) was found effective. The aim was to reveal STS
developmental pattern of the PSTs. In systems thinking literature, rubric has been
used widely. Rubrics have been described as the most feasible approaches to assess
systems thinking skills (e.g., Wang & Wang, 2011; Zulauf, 2007). In a similar way,
some researchers used rubric to evaluate STS development process of the students
(e.g., Connel et al., 2012; Doucette et al., 2012; Hung, 2008).

When above mentioned tools were compared, interviews could be accepted as the
most effective one for providing in-depth information about STS of the PSTs. As
described in the relevant literature, interviews enable to explore STS development
process of the individuals (e.g., Assaraf & Orion, 2010a, 2010b; Assaraf, Dodick
& Tripto, 2013; Goldman, Assaraf & Shaarbani, 2013). Moreover, essays, case
study, concept maps and field reports could be used to evaluate STS of the
individuals, yet their potential to measure twelve STS is limiting. Therefore, these
measurement tools (e.g., concept maps, essay and interviews) could be combined
and implemented together for triangulation as suggested by several authors (e.g.,
Assaraf & Orion, 2010b; Assaraf et al., 2013; Keynan et al., 2014). Thus,
triangulation of the tools enables the researcher to measure STS in a valid and
reliable way and avoid getting biased results.

All these above mentioned tools were tested to determine PSTs’ current level of

STS.
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5.1.2.2 PSTSs’ current level of STS

Before the main study started, STS measurement tools were tested, and current
STS levels of the PSTs were determined. PSTs” STS was mostly found in the low
levels (emerging or pre-aware). Their STS levels were almost identical and except
two participants none of the participants’ STS was found in mastery level.

For instance, PSTs struggled to identify all aspects of sustainability (social,
economic and environmental) and analyze interconnections among them.
Moreover, they could not make connection between the issue, their lifestyle and
global problems. Nevertheless, two field trips implemented in the pilot study
helped them realize nature as a living and cycling system and understand the

connection between human life and natural systems.

Exploring teachers’ STS level is a new subject in the literature. Systems thinking
researchers mostly studied with elementary school and high school students (e.g.,
Assaraf & Orion, 2005; 2010; Keynan et al., 2014; Raved & Yarden, 2014).
However, in a recent study, Dutton-Lee (2015) assessed STS level of the
elementary pre-service and in-service science teachers in water cycle context. She
found that teachers’ STS (e.g., identifying components and processes, interactions
in a system) was in the low level (novice or recognition). That is, pre-service and
in-service teachers struggled to identify components and relationships in a system,
exploring hidden dimensions and realizing human impact on the system (Dutton-
Lee, 2015). Similarly, in another study, Hmelo-Silver, Marathe and Liu (2007)
explored that pre-service teachers hold limited understanding of complex systems,
and therefore, they struggled to teach complex systems to their students. It was also
reported that teachers hold limited knowledge and skills to teach complex structure
of sustainability (Summers, Child & Corney, 2005). For this reason, there is a need
to foster STS of the pre-service and in-service science teachers as Barak and Dori

(2009) emphasized. The authors suggested that science teachers need to hold and
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practice systems thinking skills as one of the higher order thinking skills; therefore,
courses in higher education could be designed to develop teachers’ skills.
Results of the present study showed that PSTs’ current level of STS was found in

the low levels, and the relevant literature supported these results.

5.1.3 Developing STS through Outdoor based ESD Course

The major idea of the thesis was to investigate how systems thinking skills of PSTs
could be developed through outdoor based ESD course. In line with this major
target and through the research design, PSTs’ STS levels were assessed three times
during the course. At the beginning of the course, initial level of STS was
determined through the first module of the course by using the developed
instruments such as essay writing, case study-I and interviews-1 and rubric. During
the course, for about eleven weeks, after the implementation of second and third
modules, PSTs” STS development were realized by the use of the following data
collection tools such as case study I, field reports (I-111-111 and 1V), interviews (11-

[11) and concept maps (I-11).

The results indicated that although participants’ initial STS were found in low
levels (emerging, pre-aware), most of the PSTs’ STS were developed to higher
levels (developing and mastery) after the second and third modules. All of the
participants reached to mastery level in eight skills (identifying aspects of
sustainability, seeing nature as a system, identifying components of a system,
analyzing interconnections among the aspects sustainability, recognizing hidden
dimensions, recognizing own responsibility in the system, recognizing cycling
nature of the system and developing empathy with people). Some PSTs also
developed complex skills (considering relationship between past, present and
future, developing empathy with non-human beings and sense of place) to mastery

level, yet some of them stayed in the developing and emerging level. On the other
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hand, none of the participants reached to mastery level in the skill of adapting
systems thinking perspective to personal life.

For instance, after outdoor trips, results revealed that all of the participants could
identify all aspects of sustainability although most of them defined sustainability
in a simple way such as reducing waste and recycling at the beginning of the course.
Similarly, Foley et al. (2015) found that pre-service teachers who attend in a
sustainability course developed their definitions of sustainability from simple to
more complex. Accordingly, in this thesis, the development of PSTs’ skills could
be explained through conducting field trips to Eymir Lake. During the field trips,
PSTs explored Eymir Lake from different perspectives (ecosystem, water quality
and human use). In this way, they discussed multiple aspects of sustainability.
Similarly, all of the participants in this study described nature as a living system
and recognized after the course that human depends on the nature. The reason for
this could be that outdoor trips played an important role in helping them understand
natural systems by feeling, touching and observing nature directly. Beames et al
(2012) asserted that outdoor education helps individuals understand complex
systems such as relationships between plants and animals, flow of energy and
human impact on nature. Lugg (2007) also emphasized that through outdoor
education individuals could understand nature, its social, ecological, aesthetic

value and humans’ relationship with nature.

Another part of outdoor activities which were “gardening and composting
activities” contributed especially to developing participants’ skills of recognizing
their own personal role in the system and understanding of the cycling nature of
the system. They explained that they could transform linear system created by
people to cycling system through changing their personal actions. They also
realized that they were part of a global system. This finding is in line with those of
Assaraf & Orion (2010b). They also found that outdoor activities could help
students understand cycling aspects of the Earth systems and human role in the

system. PSTs experienced how the cycles work in nature by making compost and
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creating a garden; thus, they built a sense of connection with the soil. For these
reasons, they might have better understood how natural cycles work and develop
their skills. Nelsen (2016) also explored that making compost for years helped the
author understand her personal role in the world and developed his sense of
connectedness. Similarly, Capra (1999) stressed that growing a school garden,
harvesting and composting help individuals understand intersections among the
natural cycles and realize how humans are part of the web of life. Capra (1999)
also emphasized that gardening is a good project for experiencing systems
thinking.

Another important outcome of this study was that there was a complex and
hierarchical relationship among the twelve systems thinking skills. As displayed in
the results section (Figure 4.12), there could be four hierarchical levels among the
skills. For example, the skill of adapting systems thinking perspective to personal
life (STS-12) was found as the most complex skill and places at the top level.
Moreover, most of the participants’ level of STS-12 was evaluated as emerging
and developing. Assaraf and Orion (2005) also demonstrated that there was a
hierarchical relationship among the components of systems thinking. For instance,
thinking temporarily which is related to considering the relationship between past,
present and future was found as a higher order skill by Assaraf and Orion (2005,
2010). In this study, this skill was also explored as one of the complex skills. That
is to say, PSTs showed a gradual development, and their skill was found in the
developing and mastery level at the end of the course. The development of this skill
(considering the relationship among past, present and future) could be related to
content and implication of the outdoor activities. Specifically, in Eymir field trips,
PSTs discussed the change in the lake over time, and they learnt about the past
developments in the lake and how to protect Eymir for the future. Nevertheless,
there could be more outdoor activities and discussions related to time dimensions

to develop all participants’ STS.
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In the same manner, most of the participants demonstrated slow development in
other complex skills (building empathy with non-human beings, sense of place and
adapting systems thinking perspective to personal life) through the course, yet all
of them reached to developing and mastery levels. In the literature, it is emphasized
that outdoor learning environments contribute to developing affective domains
such as relationship with nature and developing empathy with the environment
(e.g., Higgins & Kirk, 2006; Martin, 2004, 2008; Lugg, 2007). The development
of these skills like building empathy and sense of place could be attributed to field
trips in the course. Visiting Lake Eymir four times through the course and
constructing a garden in the faculty could help PSTs develop their STS. For
instance, in the literature, it is addressed that place-based outdoor education
improves individuals’ sense of place (e.g., Semken & Freeman, 2008; Semken et
al., 2009; Wattchow & Brown, 2011). In this study, PSTs developed a sense of
place during the field trips. That is, they attributed multiple meanings to Eymir
(e.g., psychological, biophysical), and they developed a sense of connection and
responsibility. The reason for this might be that PSTs examined Eymir from
different perspectives, and they learnt how Eymir had changed over time. Moseley
et al. (2015) also argued that in order to foster sense of place, pre-service teachers
should be promoted to question how their local environment has changed over time

and how they could contribute to sustainability of the local natural resources.

PSTs’ last skill of adapting systems thinking perspective stayed in the emerging
and developing level. Some participants talked about their intention to take
transformative actions for sustainability, yet some of them described to take simple
actions for sustainability like recycling, reducing consumption. It was explored that
this skill was one of the most complex STS to develop in a course since none of
the participants’ skill was found as mastery. The reason for that could be holding
systems thinking perspective might sometimes cause individuals to think that their
actions don’t have any influence on coping with the global problems. Agyeman

and Angus (2003) also argued that although recognizing the bigger system is
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important, it could sometimes cause individuals to realize that their actions may
not be effective to make significant changes. During the interviews, some
participants expressed that saving Lake Eymir will not have an influence on
sustainability, so we need to consider the whole system. Therefore, some
participants’ skill of adapting systems thinking perspective to personal life stayed

in the emerging level.

Looking at the STS developmental patterns of the PSTs important results were
obtained in the current thesis. The results unearthed that PSTs’ STS developmental
patterns change from person to person. For example, as shown in Figure 4.11, some
participants’ initial STS was found as higher than other participants, and they
demonstrated a gradual development during the course. However, participants
whose initial level of STS was found low indicated a substantial development in
their skills. Assaraf and Orion (2010a) also found a similar result in their STS
research. The authors explored that STS developmental patterns change from
student to student, and some students’ starting point was higher than other students,
and they showed a gradual increase in their skills. However, students whose level
of STS was lower than other students demonstrated a drastic increase in their skills.
It could be inferred that PSTs” STS development could differ from individual to
individual based on their background. The reason of these individual differences
could be depending on individuals’ own beliefs, values and behaviors, and these
differences influence their way of thinking (Sterling et al., 2005). For instance, how
they could explain a natural system such as a tree could be influenced by their
beliefs, values and interests (Sterling et al., 2005). A person who is interested in
healthy food will probably deal with food quality, how food is produced and treated
(Sterling et al., 2005). In the current study, some participants already had some
ideas about sustainability issues, and they gradually developed their skills through
the course. For example, as described in the sample characteristics in the
methodology section one male participant grew up in a small village, he was more

knowledgeable and motivated about gardening practices than other participants;
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therefore, he was actively involved in this part of the course and developed his
skills. It could be inferred that considering participants’ background, their beliefs

and perspectives are important to interpret their STS developmental patterns.

Individual differences could be also considered in the classrooms. For instance, a
teacher might consider individual and shared interests in her/his classroom and
encourage students to respect individual differences and different viewpoints
(Sleurs, 2008). Therefore, individual differences could be taken into consideration

in systems thinking research in SE and ESD context.

As a result, it was found out that outdoor ESD course could be beneficial in
developing STS of the PSTs as described by several authors (e.g., Assaraf & Orion,
2005; 2010; Keynan et al., 2014). The relevant literature unearthed that creating a
multidisciplinary learning environment by combining both indoor and outdoor
classes provided individuals to develop some aspects of systems thinking skills
such as identifying aspects of sustainability and relationships among them (e.g.,
Carney, 2011; Hill, 2012; Garner et al., 2014). As the results of the current thesis
indicated, other aspects of STS like seeing nature as a system, recognizing cycling
nature of the system, building sense of place or building empathy with people, and
nature could be improved through outdoor education. Outdoor education provides
a rich learning environment to understand complex systems and relationships
among them and foster individuals’ connection with the places (Beames et al.,
2012; Hill & Brown, 2014). As Assaraf and Orion (2005) addressed, outdoor

education should be integrated into all school programs as much as possible.

The last research question investigated in this study was to what extent PSTs reflect
their systems thinking skills to instructional planning under the light of the outdoor
ESD course. The results illustrated that PSTs could reflect a number of STS in their
lesson plans. To be specific, PSTs were able to integrate the skills they reached

into the highest level during the course. Burmeister et al (2012) also found that
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preparing lesson plans contributed to developing higher order thinking skills of the
science teachers and looking at the sustainability issues from a broader perspective.
In this thesis, PSTs especially emphasized aspects of sustainability, components
and relationships in a system in their lesson plans as they improved these skills
through the course. As Strachan (2012) reported, teachers could design and
facilitate learning environments in order to develop students’ systems thinking.
Therefore, this result is important in terms of professional development of PSTs
because PSTs who have systems thinking skills could assist their future students

with developing their skills in their real classrooms.

5.2 Conclusion and Implications

This study has the following conclusions:

Systems thinking skills have been explored as a core competency for science
teachers to become ESD educator based on the gap analysis.

Twelve systems thinking skills have been determined to seal the gap in SE and
ESD context according to the relevant literature.

A series of qualitative data collection tools were developed and adapted in order to
measure systems thinking skills. The triangulation of the data coming from
different measurement tools provided reliability and validity of the tools and it was
concluded that these tools (essay writing, case study analysis, interviews, concept
maps and field reports) could be used to measure specific systems thinking skills
of PSTs in SE and ESD context.

PSTs’ systems thinking skills were developed through an outdoor-based ESD
course. Before the main study started PSTs’ current level of STS was mostly found
in low levels (emerging and pre-aware), and it was concluded that there was a need
to develop STS level of PSTs.

An outdoor ESD course was designed and pilot tested. The 12 STS defined have
been assessed through the course. The results highlighted that outdoor ESD course

holds a potential to develop systems thinking skills of the PSTs. PSTs developed
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most of their systems thinking skills through the course. As previously stated,
outdoor education provides a multidisciplinary learning environment to explore
interrelatedness, complexity in the natural systems and develop sense of place,
build empathy with humans and non-human beings. In this way, incorporating
outdoor education to ESD could contribute to improving systems thinking skills of
PSTs.

It is shown through the results that there were four level of hierarchical
relationships among the twelve skills (Table 4.12), and PSTs showed a gradual
increase in the levels of complex skills (e.g. STS-10, STS-11 and STS-12).

It is unearthed that PSTs’ STS developmental patterns change from person to
person during the course. According to participants’ initial level of STS and their
background, they demonstrated different STS developmental patterns through the
course.

Lesson plan analysis have provided that PSTs could reflect several STS in their
instructional planning; therefore, lesson plans might be considered as a tool to

investigate STS of the pre-service science teachers.

Furthermore, the thesis has several implications for science teachers, science
teacher educators and curriculum developers. In this century, systems thinking has
been recognized as an important skill to be able to understand systemic problems
of the world and provide systemic solutions. For a sustainable future, the interest
and the will are increasing to educate science teachers as ESD educators.
Hopefully, there are attempts both in Turkey and in the world to integrate
sustainability concept into SE programs (e.g., MoNE, 2013; NRC, 2012), and these
efforts are very important for the future. MoNE (2013) integrated sustainable
development concept into the new SE curriculum in order to help students realize
the relationship between environment, economy and society and increase

sustainability awareness of the students.
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In addition, in USA, the new SE framework developed by NRC (2012) emphasized
a new vision for SE in terms of integration of science, technology, engineering,
and Mathematics (STEM) so that students could understand how science and
engineering are important to cope with the major problems of the society today.

Turkey is also following these developments related to STEM education.

In the last years, a new book namely “Educating Science Teachers for
Sustainability” has been published by Stratton, Hagevik et al. (2015) to create a
discussion about educating science teachers for sustainability in different settings-
both formal and out of school. This book included many empirical examples related
to integrating sustainability into science teacher education programs in order to
teach children about sustainable practices and sustainable living. These
developments demonstrate that there is a tendency in SE field towards
interdisciplinary teaching including sustainability and STEM education and
developing an integrated way of understanding. These attempts both in Turkey and
in the world are important to develop students’ skills to overcome complex, wicked

sustainability problems of the world.

Therefore, the results of this thesis are promising to open a new window to educate
pre-service and in-service science teachers as ESD educators by developing their
systems thinking skills. Twelve systems thinking skills presented here could be
integrated into science education courses; thus, pre-service teachers could develop
their skills such as identifying multiple aspects of sustainability and relationships
among these aspects, hidden dimensions in a system or building empathy with
people. In this way, pre-service science teachers equipped with systems thinking
skills could prepare their future students to think and act for sustainability.

The design and results of the thesis provide an initial picture for integrating SE,

ESD, outdoor education and systems thinking promising to make an important
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contribution to sustaining investigations related to collaboration between SE and
ESD research fields in order to educate science teachers for a sustainable future.

5.3 Recommendations for the Future Researchers

The present study has several unique contributions. First of all, twelve systems
thinking skills have been defined in SE and ESD context for pre-service science
teachers to become an ESD educator. These skills could be integrated into other
disciplines in teacher education in order to develop ESD competencies.
Furthermore, some simple skills such as identifying aspects of sustainability,
components of a system, recognizing hidden dimensions or building empathy with
people could be incorporated into elementary school level. Science teachers who
have systems thinking skills could develop their students’ skills in their courses.
These skills could be adapted to other disciplines in teacher education to develop
teachers” ESD competencies. In addition, each systems thinking skill could be
studied in detail in specific contents of SE and ESD. Secondly, multiple data
collection tools (e.g., Essay writing, case study, interviews) as well as the rubrics
were developed and adapted to assess systems thinking skills of PSTs. It is
recommended that these tools could be used in SE and ESD context, or they could
be adapted to different contexts in teacher education to support validity of the tools.
Essay writing, case study and concept maps could be used for larger samples to
measure a number of STS. Nevertheless, in order to measure twelve STS,
researchers could only use interviews, and they could adapt interview questions
according to their context. Moreover, lesson plans could be used to evaluate
systems thinking skills of pre-service and in-service teachers in the future. Thirdly,
participants’ individual differences should be considered in systems thinking
research. Therefore, future researchers could study each participant as a case in
order to get detailed information about the impact of participants’ background on
their systems thinking skills development. Moreover, it is recommended that a

follow up study should be conducted in order to investigate how participants reflect
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systems thinking perspective to their professional and personal life. Furthermore,
outdoor ESD course was a new course designed for developing systems thinking
skill of PSTs. Outdoor activities in the course were developed under two themes:
What is sustainable use of a system? and Sustainability Solutions. New
sustainability topics could be integrated into these themes and researchers could
develop a new content for outdoor ESD course depending on their context.

To conclude, research in systems thinking in SE and ESD context is in a
preliminary stage especially in Turkey; therefore, it is suggested to employ more
research to test findings of this study in different SE and ESD courses, different
levels (e.g. elementary level), different teacher education disciplines and different
cultures. In order to overcome today’s systemic problems, all individuals should
learn to see the world from systems thinking perspective and realize that everything
is interrelated in the world. As Capra (2005, p. 29) described, creating sustainable

systems is possible through education:

Nature demonstrates that sustainable systems are possible. The best of
modern science is teaching us to recognize the processes by which these
systems maintain themselves. It is up to us to apply these principles and to
create systems of education through coming generations so that they can
learn the principles and learn to design societies that honor and complement
them.
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FINAL THOUGHTS

This was a long and challenging, but at the same time, a joyful journey. In this
journey, as a researcher | wanted to do something worthwhile with educating
science teachers and indirectly educating future generations. | feel that | did a
meaningful contribution to SE and ESD field by determining 12 systems thinking
skills in SE and ESD context, developing and adapting several STS measurement
tools and designing an outdoor ESD course.

Indeed, my view of outdoor education and ESD have been shaped not only by
reading the relevant literature but also through my seven years experiences as an
educator and researcher in this field. | developed my field experiences while
attending in many workshops, summer schools and courses and | tried to integrate
my experiences into the outdoor ESD course. Through these experiences |
developed my sustainability understanding, my own perspective related to outdoor
education and ESD. I was really impressed by several authors’ critics and thoughts
related to sustainability, education and systems thinking such as David Orr, Fritjof
Capra and Stephen Sterling. Finally, | realized that holistic perspective is very
important in order to understand our personal role in this planet and to promote
transition towards a sustainable future. Therefore, | chose to focus on systems
thinking research in my PhD thesis as | believed that we need to change our state
of mind not state of the earth.

My passion and self-determined motivation for sustainability helped me deeply
focus on each step of this thesis. While designing the research, collecting data and
writing thesis, | also witnessed my transition from linear thinking towards systems
thinking. In every part of the preparation of this thesis, I realized how systems
thinking is valuable and important.

This is an end for now, but in the future I will continue studying on educating
science teachers, students and also teachers from other disciplines for a sustainable
future while developing their systems thinking skills. Systems thinking and ESD

research are not only subject of SE, but they are also related to other disciplines in
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education since the ultimate goal is to educate sustainability literate citizens for the
future. Therefore, | believe that current thesis will inspire all education researchers

to integrate ESD and systems thinking studies into their disciplines.
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APPENDICES

Appendix A: ESSAY WRITING

How do you see a tree? What does a
tree means to you?

How do you see a lake? What does a
lake means to you?
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Appendix B: CASE STUDY ANALYSIS

CASE-1 (PILOT STUDY):
CORUM TARIM ARAZILERIi: DOLDURULAMAZ BOSLUK
(CORUM AGRICULTURAL LANDS-UNFILLED EMPTINESS)

Corum merkezde bazi koylerden
gecerken sanki goktasi diismiis gibi derin
cukurlar  goriilliir. Bu  cukurlarin
tabaninda su varsa, orada yepyeni bir
ekosistem de olusmustur. Sazhklar
arasindan kuslarin, kurbagalarin sesi
gelir. Ne var ki bu manzarayr doga
yaratmaz. O dev ¢ukur ashinda verimli
bir tarladir; topragi tugla fabrikasmna gider, ve geriye yeri bir daha
dolmayacak bir bosluk kalir.

Biz de iste bu hayatin1 kaybeden arazilerini gérmeye gittik. Rehberligimizi yapan
Corum Tarmm I Miidiirliigii'nden Miihendis Yasar Eken, bir tarim alaninda
herhangi bir endiistriyel iiretim yapilacagi zaman izin alinan meciinin basindaki
kisi. izin talepleri ilk olarak Tarmm il Midiirliigii’ne gelse de, onay siireci baska
mercilerin denetiminde ilerliyor. 3 temmuz 2005 tarihinde kabul edilen 5403 sayili
“Toprak Koruma ve Arazi Kullanimi1 Yasas1” uyarinca tarim arazilerinin amag dig1
kullanim1 yasak. Bu yasak nedeniyle basvurulari reddedilen isletmelere, 2007
ylinda ¢ikarilan bir yonetmelikle yeni bir yol agildi. Pek ¢ok isletme dnce Maden
Isleri Miidiirliigii’nden “kamu yarar1” karari ¢ikarryor. Bundan sonra isletme izni
almak cok kolay. Bu yasalarin igerigini anlamak kolay, ancak verilen izinlerin
sonuglarmin farkedilmemesini anlamak ¢ok zor. Neredeyse 70 yildir Corum’da en
degerli tarim arazileri, kolayca tugla iiretilebildigi icin fabrikalara veriliyor.
Resmen Corum’dan bakarken, tiim diinyadaki manzaray1r gérmek de miimkiin.
Birlesmis Milletler Gida ve Tarim Orgiitii (FAO)’nun verilerine gore son 15 yilda
kisi basina diisen tarim arazisi gelismis iilkelerde yiizde 14.3, gelismemis tlilkelerde
de yiizde 40 oraninda azaldi. Niifus arttik¢a kisi basina diisen toprak oraninin daha
da diisecegi ongoriiliiyor. Bir de kiiresel iklim degisikligi sonucunda kaybedilecek
tarim arazileri hesaba katilinca tiim politikalarin tekrar gozden gegirilmesi
gerekiyor. Corum’da tarim arazilerini fabrikalara satan kdyliiler bu durumu ¢oktan
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kabul etmis. Koylii, o toprag: satarak elde edecegi geliri, belki 20 sene c¢aligarak
kazanamayacagini disiiniiyor. Fabrika icin de durum c¢ok karli, en saglam
malzemeyi ¢cok az ugragla kaynagindan aliyor. Tarladan kum ¢ikarana kadar, bazen
iki bazen bes metrelik devasa ¢ukular kazan fabrikalar, bu biiyiik bosluklari ardinda
birakip yeni araziler artyor. Topragi alinan tarlalar ne oluyor sorusunu Yasar Eken,
“Taban suyu yliksek yerlerde o alanlar kum c¢ikarmak amacgli kullanilamiyor,
bataklik oluyor. Taban suyu derin yerlerde arazi yine tarim alani1 olarak
kullaniliyor, tabi yogun giibreleme gerekiyor” diye yanitliyor. Bir de kaybedilen
topraklart degil, topragini kaybedenleri anlatmak gerek. Topragini satip, kokiinden
kopanlar1. Onlarda da tipki kum ¢ikarilan tarlalar gibi biiyiikk bosluklar kaliyor.
Topragini satan bir¢ok kdyiin niifusu azalmis. Kinik kdyiinden 55 yasindaki Hasan
Samsak, hane sayisinin 60’a kadar indigini sdyliiyor. Ciinkii tarlasini satan gitmis.
Kendisinin de arazisi oldugunu tugla fabrikasina verecegini soyliiyor. Clinkii su
andaki ihtiyaglari, gelecek kusaklarin gida gilivenliginden daha 6ncelikli onun igin.
Tarhan koylinden 72 yasindaki Raif Dumanli, topragini fabrikaya verip pisman
olanlardan; ¢iinkii bir kisminda artik hi¢ tarim yapamiyor, ektiklerinde de verim
yar1 yartya diigmiis. Yine de 1srarla ¢calismaya devam ediyor. “ Bugday ve pancar
ekiyorum. Biz ¢aligmazsak sehirdekiler de ekmek yiyemez. Mecbur ekecegiz”
diyen raif Amca, o 6nemli soruyi tekrar hatirlatiyor: Tarimsal iiretim durursa besin
ihtiyaclar1 nasil karsilanacak? Bu soruyu yonelttigimiz Yasar Eken, su anda eskisi
kadar fazla mutlak tarim arazisi tahribatina izin vermediklerini sdylilyor. Corum’da
2010 yilinda yapilan basvurular sonucunda, 529 doniim arazinin tarim disi
kullanimina izin verilmis. 2011 nisan ayina kadar izin verilen miktar heniiz 179
donitimdii. Tabi bu izinlerin hemen hepsi i¢in 6nce “ kamu yararinadir” karari
cikarilmis. Sanki o topraklarin tarim ic¢in kullanilmasi kamu yararina degilmis
gibi... Giiniimiizde toprak kit bir kaynak haline geldi. Bu sorunda sadece niifus
artig1 degil, kiiresel iklim degisikliginin olumsuz etkileri de géz oniinde tutulmali.
Islenen tarim alanlarinin daralmasi, yok edilmesi, kirlenmesi ve bozulmasina
neden olan olumsuz siirecin hem Tiirkiye’de hem de diinyada mutlaka
durdurulmasi gerekiyor. Clinkii topragin yedegi yoktur, tipki hayat gibi. Topragi
kaybeden hayatini da kaybeder.

(REC (2012). Retrived from www.vakityok.org)

Q: What does this story tells? Write your thoughts, opinons, feelings
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CASE-1 (MAIN STUDY)

VIDEO: “We are losing our pastures in Turkey”

(CNN TURK, 2014. Retrieved from
http://tv.cnnturk.com/video/2014/02/24/programlar/para-dedektifi/meralarimiz-
yok-oluyor/2014-02-21T1925/index.html)

What does this story tells in the video ? Please, write your thought, opinions,
feelings about the story.

CASE-11 (MAIN STUDY)
VIDEO: “The most expensive meat is consumed in Turkey”

(CNN TURK, 2014 retrieved from
http://tv.cnnturk.com/video/2014/04/28/programlar/para-dedektifi/en-pahali-et-
turkiye-de/2014-04-25T2215/index.html)

What does this story tells in the video ? Please, write your thought, opinions,
feelings about the story.

Summary of the videos: Two real stories explain deterioration of the ecosystems
and agricultural lands because of the airport construction and revealing its social,
economic and environmental consequences. For instance, in the first video, fertile
agricultural lands and pastures are disappeared because of the airport construction
and villagers lose their job and they had to move to cities. The second video also
display similar problem. Since pastures are disappeared, villagers had to sell their
animals and they had to leave their farms and move to the cities. Moreover, the
meat price is increasing in the cities as the number of animals decrease.
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Appendix C: INTERVIEWS

1. FIRST INTERVIEWS

Interview Questions

Measured Systems

Thinking
Skills
1. What did you say about trees and lake in STS-2
your essay? Could you explain them
again?
2. What is your thoughts, opinions about STS-4/STS-9
this case (video) ?
3. What are the components of this case? STS-3/STS-4
What are the relationships between these
components?
4. s there any hidden dimensions in this STS-5
case (video)? What are the relationships
between these dimensions?
5. Is there any relationship between this STS-6
case in the video and your life? Please
explain.
6. Could you give any other examples STS-7
related to this case? Does this case
remind you any other place you heard
before ?
7. What does sustainability mean to you? STS-1
8. Now I will ask you questions about Lake STS-2
Eymir. What does Eymir mean to you?
9. How do you evaluate human-nature STS-2
relationship in Eymir?
10. How do you evaluate today and future of STS-7
Eymir in terms of global problems
(Climate change, biodiversity loss,
deforestration)?
11. In your opinion, How Eymir will look STS-7
like in the future?
12. How do you evaluate Eymir in terms of STS-1/ STS-4
sustainable use?
13.What could be the relationship between STS-6

your life habits and sustainable use of a lake?
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2. SECOND INTERVIEWS

Interview Questions

Measured Systems
Thinking Skills

What does a tree and lake mean to you
now ? Did your views change during the
course?

STS-2

Could you explain the relationships in
your concept map? (How did you explain
sustainability here?)

STS-3 and STS-4

What does sustainability mean to you
now?

STS-1

Is there any hidden dimensions in this
concept map? (Hidden dimensions are)
related to system but they are not seen at
first glance)

STS-5

How do you define your personel role,
your responsbilities relevant to the
subjects in your concept map?

STS-6

Did you explain natural cycles in your
concept map? How the cycles are related
to eachother?

STS-8

Considering today and past uses of Eymir,
how do you visualize Eymir for the
future? How Eymir will look like in the
future?

STS-7

What is your inferences and your
conclusion with regards to the interviews
with people working or visiting Lake
Eymir? How do you evaluate their
opinions in terms of sustainability
perspective?

STS-9

How did you feel in Eymir during the
three weeks? (Did you feel connection to
other species?)

STS-10

10.

Could you explain an important learning
moment during these weeks?

STS-11

11.

What did Lake Eymir mean to you before
the field trips ? Is there any change in
your thoughts after the trips?

STS-2/STS-11

12.

Throught the course, what changed in
your life?

ST-12
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3. THIRD INTERVIEWS
PART-1 (INTERVIEW QUESTIONS RELATED TO CONCEPT MAPS)

Please draw a concept map by showing the components and relationships
with respect to the composting and gardening activities.

Interview Questions Measured Systems
Thinking Skills
1.Could you explain the relationships in STS-1, STS-3, STS-4,
this concept map? STS-5, STS-8
¢ How do these relationships affect
eachother?

e Hidden dimensions?

e The relationship with the natural
cycles

e The relationship with the
sustainability

2. How do you define your personel role, STS-6
your responshilities relevant to the
subjects in your concept map?

3.How do you make relationship between STS-4
gardening and sustainability?
4. What was the important learning STS-11

moment in this gardening class?

PART-2 (INTERVIEW QUESTIONS RELATED TO LESSON PLANS)

1. What was your main goal in this lesson plan?

2. Inwhich stages did you expect that students could make relationship
between sustainability and the subject that you intended to teach?

3. What activities did you include in your lesson plan in order to
develop students’ systesm thinking skills?

4. In which stages did you expect that you could develop students’
systems thinking skills?

5. Did you learn, explore a new thing while preparing this lesson plan?

6. Was this lesson plan different from other plans you prepared before?
Please explain.
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PART-3 (GENERAL INTERVIEW QUESTIONS FOR EVALUATING STS)

Interview Questions

Measured Systems

Thinking Skills
1.What does sustainability mean to you after this course? STS-1
(please, give me an example related to the course)
2.Could you see the issues/the problems from social, STS-3/STS-4
environmental and economic perspectives after this course?

(please, give me an example related to case (video)

3.Could you evaluate the components of a system and the STS-3/STS-4
relationships among them from sustainability perspective?

(please, give me an example from the case)

4.Could you analyze the relationships among the aspects of STS-4
sustainability by considering the reason and consequences in a

case? (please, give me an example)

5.Could you determine any hidden dimensions in a system that STS-5

were not seen at first view? (please, give me an example)

6.Could you define yourself as a part of the system? and
produce sustainable solutions in your life?
Please, explain.

STS-6/STS-12

7.Could you think of consequences or the effects of the issues STS-7
by taking lesson from the past ? Please explain.

8.Could you explain the relationships among natural cycles? STS-8
Please, explain.

9.Could you build empathy with other people in a case or STS-9

event? | mean, Could you understand other people needs and
perspectives? Please explain.

10.Do you feel that you are connected to nature, the place you
live and the people around your community?
How did you realize this connection in this course?

STS-10/STS-11

11.Could you integrate systems thinking perspective into your
life? How? What changed in your life?

STS-12
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Appendix D: EXAMPLE FIELD REPORTS

FIELD REPORT-I:

1. LEARNING OBJECTIVES

deforestation and climate change)

2. BACKGROUND

Once upon a time in Eymir

In 1930s Eymir was a lake among the bare mountains as was
described by Mr. Nahid Sirr1 Orik as follows:

“The mountains surrounding Eymir was bare and were
almost yellow in color. There was neither a house nor a tree
around. There were only some reeds and animals bathing in
the lake (Anatolian Road notes, 1939)”.

Eymir was not green in the 1930s. But during 1950s, after
the lake was began to be managed by METU the area was
planted. The life in the lake has changed; the area around the
lake has become a forest, it was possible to swim and fish in
the lake, there were paddle competitions, festivals and tree
planting organizations. After a while water quality of the
lake has begun to decrease. It has become impossible to
swim and the aquatic life has almost diminished because of

stands alone (Memories from Eymir Lake, 2006)

OUTDOOR EXERCISE - | -
SUSTAINABLE USE OF AN ECOSYSTEM: LAKE EYMIR

e Analyze Lake Eymir in terms of sustainable use of natural resources (human
use, history, economical value, pollution, social value, future considerations)
« Explore the interactions in the ecosystem of Lake Eymir

o Analyze future of the lake in terms of global threats (e.g. biodiversity loss,

¢ Analyze interactions between human use and the ecosystem of the lake
o Develop sense of connectedness to the nature in Eymir

eutrophication. Nowadays it is possible to see only a few bird and fish species in the lake; like
the birds of the Lake the so called Peace Fountain, constructed ones upon a time near the lake,

336



Q.Considering the history of Eymir what would you infer about today and future

uses of Eymir?
3. RESEARCH- EXPLORING NATURAL SYSTEM OF EYMIR

Wherever you go in nature, you will see interactions between rocks, atmosphere,
oceans, lakes, rivers, and living being that constitute Gaia (Harding, 2009). Through
three weeks, you will explore ecosystem of Eymir by considering the interactions
among the components of ecosystem. You will examine woodland ecosystem in Eymir,
water quality of Eymir and human use in Eymir

A. WOODLAND ECOSYSTEM IN EYMIR

In this course, you will observe woodland ecosystem in Eymir. You will explore
interactions among the components of this system. You can think about below
components while observing the natural systems.

A.1 Solo Exercise- 10 min.

Before you start your observation, let yourself travel back in time to childhood.
Remember how it felt in your body when you were a child, as young as five, or
as old as ten, to be small, energetic and to be outside with plenty of time. Allow
yourself to walk like you did as the child you were to see as you did, to feel as
you did. Look around, play in the sand, collect “treasures” hide in small places
and peer out, build a nest, draw with a piece of found charcoal skip, talk to a
tree, climb a tree, look down a hole. EXPLORE, BUILD, PLAY. GO WILD
OR BE STILL. ALLOW THE WORLD TO BE NEW AGAIN.Let yourself be
surprised by what happens. Bring a couple of treasures with you (physical
things, perhaps a story, sound, song, gesture or movement) and share your
wonder with a friend.

« Then, write your experiences about this exercise. How did you feel?
What did you think? What did you remember from the past? Is there

something interesting you experienced? Please explain
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A.2 Make your observations by considering the below components.

Table 1.

Sunlight (dark, shady, light, medium light or others), Wind, Soil (you
may identify what covering on the soil), Plants (trees (broad leaved or
needled), shrubs and grasses), Animals (birds, insects, reptiles,
mammals etc. if you can see), Fungus (where are they located?),
Lichens (where are they located?), any dead or burned trees?

Write you observation on the below table.

Observation data sheet

Ecosystem Elements Site 1. (define Site 2. (define

location) location)

Sunlight (dark, shady, light,
medium light or others)

Wind

Soil (you may identify what
covering on the soil)

Plants (trees (broad leaved or
needled), shrubs and grasses)

Animals (birds, insects,
reptiles, mammals etc. if you
can see)

Fungus (where are they
located?)

Lichens (where are they
located?

Dead or burned trees

Others (your observation)
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A.3 Carbon Storage

Follow the steps for carbon calculation in trees:

(You can select different species and different aged trees for your calculation)
Identify the species:

circumference at breast height (in cm):

Diameter at breast height (in cm):
(Remember: Diameter= circumference * pi)

The biomass of your tree or shrub (in kg):
The formula for this is M=aD"
M= biomass
a= species coefficient a (See Table 2)
D= diameter at breast height
b= species coefficient b (See Table 2)

Is this species hardwood or softwood? (The resources you used to help identify your
tree species should tell you if it hardwood or softwood.)

Calculate the amount of carbon in your tree or shrub (in kg):

To do this:
Multiply biomass (M) by 0.521 for hardwood trees.
Multiply biomass (M) by 0.498 for softwood trees.

You may wish to convert kg to tons to make comparisons between your measurement
and the carbon counter’s measurement of greenhouse gases in the air:

(1 metric ton = 1000 kg)

Results:
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Table 2.
Species-Dependent Coefficient and Exponent Values for Biomass Equation

Tree Species a b
Ash, white .1063 2.4798
Basswood .0617 2.5328
Birch, black/sweet .0629 2.6606
Cedar, Red 1019 2.3000
Maple, Sugar .2064 2.5300
Oak, black .0904 2.5143
Oak, chestnut .0554 2.7276
Pine, white 1617 2.1420
Sumac, Staghorn .0825 2.4680

(http://www.yale.edu/fes519b/saltonstall/biomass2.html - estimate)

4. DISCUSSION OF THE TOPIC
(please answer the following questions)

1. Think about what you have seen in Eymir this week? What do you infer
from your observations?

2. Please, draw the diagram or picture of the ecosystem you observed in this
course. Think about the interconnections between the elements of
woodland ecosystem in Eymir.

3. You calculated how much carbon a tree stores in a day. Explain how to
use this data for describing sustainability in Eymir.

4. s it possible to set sustainablity in Eymir? What are the possible threats
for unsustainability?

5. As an evaluation of this outdoor exercise, please answer the following
guestions:

What did you learn in this outdoor experience?

What was the most interesting part for you?

Whether your thinking about Eymir Ecosystem has changed or not?
Do you think about anything to be added, excluded, or changed
related to the content, etc.

References:

Memories from Eymir (2006). Retrieved from
https://tr.wikipedia.org/wiki/Eymir_G%C3%B61%C3%BC

Orik, N. S. (1939). Anadolu Yol Notlar1 (Anatolian Road Notes). Retrieved from
https://tr.wikipedia.org/wiki/Eymir_G%C3%B61%C3%BC
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FIELD REPORT IV.

OUTDOOR EXERCISE - IV

TRANSFORMING WASTE TO WEALTH!

1. LEARNING OBJECTIVES:
o Help students be aware of the composting process as a part of sustainable
system.
e Explore how compost can be transformed to the food
e Help students make connections between natural cycles and composting
process.

e Be aware of the individual responsibilities

2. BACKGROUND
From a systems’ point of view, it is clear that human take from the earth (water, air,
food, raw materials, and minerals) and return wastes and pollutants back to the earth.
But the earth is limited as regards with its sources (what it can sustainably provide) and
its sinks (what it can absorb without harming its future ability to absorb, regenerate, and
regulate natural cycles). The key problem is that our economy is fundamentally linear
and produces waste whereas earth system work on cyclical basis where waste is recycled
(Sterling, Maiteny, Irving, & Salter, 2005). In nature, there is no waste. Waste would
not exist because it would not be produced or if it is produced, it would be a resource to
be used again. This is the main point of zero waste. For example, when an elephant eats
plants, it produces waste and this waste becomes a resource for dung beetle. The goal
of zero waste is to eliminate waste concept and turn the waste into resource. In the
current times, zero waste could be seen as impossible. However, some countries have
already launched projects related to zero waste such as Australia, Netherlands and
Sweden (Keller & Botkin, 2008).
World Food System and Composting:
Petroleum based world food system breaks all the biogeochemical cycles (water,
carbon, nitrogen and phosphorus cycles) of the Gaia (earth system). Agriculture is the
primary point of intersection between Gaia and human systems. However, agriculture
also may be the best point of intervention. Therefore, it is important to approach
agriculture as a holistic and living system. Some food movements already support this
idea; organic farming, slow food, fair trade, composting etc. Composting is a very
important step for creating a holistic system. Through composting process, waste is
transformed into fertility. Agriculture must be approached as a living system not a
receiving environment of chemical inputs. In the new food politics, human health, social
justice and ecological sustainability are related to each other.
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What is Compost?

Compost is decomposition of organic materials
such as leaves, grass and food scraps. There are
three types of composting which are backyard = "
or home, vermicomposting and heat-based %= o
composting. Composting based on the fact that, >,
invertebrates and microorganisms breakdown
organic materials into a rich soil-like product. - ’
The four elements- carbon, nitrogen, air and water are essential for successful
composting operation. Compost is a valuable product which can be used for soil
amendment, mulch or even decontaminate natural habitats (EPA, 2002).

What can go into a composting bin?

Materials to include Materials to exclude
Fruits and vegetables (green Meats
materials)
Tea bags Dairy food
Coffee grounds with filter Bones
Egg shells Fats
Leaves (brown material) Diseased plants
Wool and cotton rags (brown Grease
material)
Grass and yard chippings (brown Oils (butter, mayonnaise
material) etc...)
Sawdust (brown material) Cooked meal
Paper (not bleached)
Nitrogen Cycle and Composting
When the plants and animals die, L ey I m’é;’ze
decomposers (fungi, bacteria, protozoa, | sne et

insects, worms, etc.) break the proteins mmﬂ
into nitrogen (nitrate and ammonium) A =
which can be reabsorbed by plants.
Microorganisms play an important role by
converting atmospheric nitrogen into plant = '
available nitrogen. Gardeners use nitrogen cycle when doing compost. In a
compost pile, the same microorganisms (bacteria, fungi, and protozoa) and
invertebrates (worms and insects) in the soil break down the organic matter into
proteins and amino acids. Then, the microorganisms break it down into nitrate
and ammonium which can be taken up again by plants. Soil microorganisms
regulate the release of plant available nitrogen from decomposing. Soil
temperature also regulates decomposition process— the warmer the soil, the faster
the decomposition.
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3. ACTIVITY

3.1 COMPOSTING IN THE BACKYARD

¢ Inthis study, you will observe composting process and take field notes until
the end of the semester. You are asked to make your observations and take
notes individually.

o The steps in compost activity are :

1. First, choose a location for compost
tumbler. The ideal location is
shaded, close to water and close to
kitchen.

2. Load the tumbler with green,
nitrogen rich materials (green
wastes) '
Add brown, carbon rich materials (brown materlal)

Add some garden soil or finished compost that helps start
decomposition process because soil or finished compost includes
beneficial bacteria.
5. Close to compost tumbler and rotate it several times for mixing the
materials
6. Add enough water to dampen the compost materials. The materials
should not be wet.
7. Close and rotate tumbler again
3.2 GROWING YOUR OWN FOOD

Hw

e You will be a gardener while you are making
compost. You will use old compost and plant some
vegetables in the backyard. Your waste will be
seeds and then food again. Thus, you will
contribute to nutrient cycle in the earth.

e We will also try permaculture herb spiral. Herb
spiral is a vertical sustainable garden which is
located in a limited place in your garden. Herbs
that thrive on drier soils live at the top, whereas
those needing more moisture reside at the bottom
where water collects. This form allows for planting of a widely diverse number
of plants, and creates natural, sunny and shady areas — a perfect miniature
microclimate landscape environment. The herb spiral as a permaculture form
that allows you to create your own ecosystem and become self sufficient. Herb
spiral is a good example of small sustainable system using water, soil, energy
efficiently and it is a system working with nature in a harmnoy not against it
(Permaculture garden, n.d).
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Observations:

Write your observations in the compost pile and answer the questions below.

WEEKS

Color

Smell

Temperature

Compost
appearance

Outdoor
conditions

Observations
about the
garden

Week 1
25.04-2.05
2014

Week 2
5.05-9.05
2014

Week 3
12.05-
16.05
2014

Your inferences and conclusion based on your observations:
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4. DISCUSSION

1. Based on your observations and inferences in the course, how can you
make relationship between composting process, global natural cycles
(carbon, water, nitrogen) and_sustainability? Please draw and explain.

BB0-MART l/

[111]

Extraction Production Distribution Consumption Disposal

Please compare the above human made system of producing and consuming
goods with those of the natural cycles.

What is the difference? How the linear system may become a cycle? How can
you transform your personal role in this system?
3. As an evaluation of this outdoor exercise, please answer the following
guestions:

e. What did you learn in this outdoor experience (consider two weeks)?
f.  What was the most interesting part for you?
Whether your thinking about waste and soil system has changed or
not? Please explain the reasons.
h. Do you think about anything to be added, excluded, or changed
related to the content, etc
References:

Keller, E.A., and D.B. Botkin. 2008. Essential environmental science. Hoboken, NJ:
John Wiley

Permaculture garden (n.d). Retrieved from http://www.realfarmacy.com/15-reasons-
to-build an-herb-spiral-for-your- permaculture-garden/#E5cD6fPBYuSJOIPA.99
Sterling, S., Maiteny, P., Irving, D., & Salter, J. (2005). Linking thinking: New
perspectives on thinking and learning for sustainability. Scotland, WWF.
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Appendix E. RUBRICS

1.RUBRIC FOR EVALUATING SYSTEMS THINKING SKILLS

STS MASTERY DEVELOPING EMERGING PRE-AWARE
1.1dentifying Students clearly refer to Students refer to two Students refer to one Students do not
aspects of more than two aspects of aspects of sustainability | aspect of sustainability refer to aspects of

sustainability

sustainability related to
ISSUe.

related to issue.

related to issue

sustainability
related to issue.

2. Seeing nature as
a system

Students are able to look at
the nature as a system
considering most of the
aspects of integral ecology
and describe human-nature
relationship in a holistic way

Students are able to look
at the nature as a system
considering two or three
aspects of integral
ecology and try to
describe human-nature
relationship in a holistic
way.

Students struggle to look
at the nature as a system
and only consider one or
two aspects of integral
ecology and describe
human-nature relationship
from mechanistic
perspective

No partictular view
of nature as a
system

3. Identifying
components of a
system

Students are able to identify
multiple components of a
system in a clear way.

Students try to identify
multiple components of a
system.

Students are able identify
one or two components of
a system

Students can not
identify
components of a
system.

4. Analyzing
interconnections
among the aspects
sustainability

Students are able to
critically analyze the
interconnections among the
components of a system by
considering all aspects of
sustainability.

Students are able to
analyze interconnections
by considering two
aspects of sustainability.

Students struggle to
analyze the
interconnections among
the aspects of
sustainability.

Not analyzing the
interconnections
among the the
aspects of
sustainability
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STS MASTERY DEVELOPING EMERGING PRE-AWARE
5. Students are able to Students able to Students struggle to Students can not
Recognizing identify many hidden identify some hidden identify hidden identify hidden
hidden dimensions in a system by | dimensions in a system | dimensions in a dimensions in a
dimensions connecting to the issue and making connection | system. system

clearly. to the issue in a simple
way.

6. Students are able to make | Students try to make Students struggle to Students can not
Recognizing connection between the connection between the | make connection make any connection
own problem/issue and their problem/ issue and their | between the problem/ | between the

responsbility
in the system

personal life.

personal life

issue and their
personal life.

problem/issue and
their personal life.

1.
Considering
the
relationship
between past,
present and

Students are able to make
relationship between past,
present and future clearly

Students try to make
relationship between
past, present and future.
They mostly consider
two time spans (e.g.,
past and present)

Students struggle to
make relationship
between past, present
and future

Students can not
make relationship
between past, present
and future

future
8. Students are able to Students try to Students struggle to No explanation about
Recognizing recognize cyclic nature of | recognize cyclic nature | recognize cyclic nature | cyclic nature of the

cyclic nature
of the system

the system by giving
examples (e.g., natural
cycles)

of the system in a
simple way.

of the system

system
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STS MASTERY DEVELOPING EMERGING PRE-AWARE
9. Developing Students are able to develop | Students try develop Students struggle to make Students can not
empathy with empathy with other people empathy with other empahty with other people. develop empathy with

other people

by explaining their reasons
or needs behind their actions
without blaming them.

people, but they give
simple explanations
about their needs or
reasons.

That is, they continue blaming
them.

other people.

10. Developing
empathy with
non-human
beings

Students are able to state
their connection with non-
human beings and to whole
nature.

Students try to state
their connection with
non-human beings in a
simple way.

Students struggle to make
connection with non-human
beings

Students can not make
connection with the
non-human beings.

11. Developing
sense of place

Students are able to build
multidimensional, holistic
sense of place. They could
attribute several meanings to
the places (biophysical,
social, cultural, political etc.)

Students try to build
multidimensional
sense of place. They
could define the place
as including two
dimensions.

Students struggle to build
multidimensional sense of
place. They could define the
place as including single
dimension.

Students can not build
any sense of place

12.Adapting ST
perspective to
personal life

Students are able to adapt
systems thinking perspective
to their personal life by
taking transformative actions

Students almost start
to adapt systems
thinking perspective to
their personal life by
taking small steps.

Students struggle to adapt
systems thinking perspective to
their personal life. They
describe

simple actions for
sustainability.

Student do not adapt
systems thinking
perspective to their
personal life.
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2.RUBRIC FOR EVALUATING CONCEPT MAPS
Concept maps were used to evaluate the following systems thinking skills:

1. Identifying components and of a system and also connections among them
(STS-3)

2. Recognizing hidden dimensions (STS-5)

3. Recognizing cycling nature of the system (ex. Relationships among natural
cycles) (STS-8)

STS Level Evaluation Criteria

MASTERY 1. CM shows most of the components and connections
in the system

(Complex) 2. CM shows most of the hidden dimensions clearly

3. CM shows cycling nature of the system ( e.g.,
interconnections among the natural cycles if it is
related to subject) (It depends on the subject)

¢ CM looks like a complex map

DEVELOPING 1. CM shows some of the components and connections
in the system

(Complex but 2. CM shows some hidden dimensions

still need to be 3. Some explanation about cycling nature of the system

developed) (e.g., a few interconnections among the natural
cycles)

« CM almost looks like complex but needs to be

developed

EMERGING 1. CM shows some components of the system but,

S connections are not clearly showed
(Hiearcical, 2. CM does not show hidden dimensioms
Linear) 3. A few explanation or no explanation about the

cycling nature of the system
++ CM almost looks like a linear and hierachical map
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3.RUBRIC FOR EVALUATING LESSON PLANS

INSTRUCTIONAL | EXEMPLARY MAKING NEEDS
COMPONENTS PROGRESS DEVELOPMENT
The lesson plan The lesson plan The lesson plan
reflects objectives | reflects does not reflect any
OBJECTIVES related to more objectives related | objectives related to
than two to at least two components of
components of components of systems thinking
systems thinking | systems thinking | skills
skills skills
The lesson plan The lesson plan The lesson plan
includes activities | includes activities | does not include
in order to develop | that address any activities that
TEACHING sy§tems thinking developing so'me fo_cus_on sy§tems
PROCEDURE skills of s_tl'Jdents sy_stems thinking | thinking skill
and activities are | skills however, development of
consistent with all | activities are students
of the objectives explained
indirectly and do
not reflect
consistency with
some objectives
Thereisanintent | Try to measure | Not measuring
to measure several systems | systems thinking
ASSESSMENT systems thinking | thinking skills of | skills of the students
skills of the the students in a

students in a clear
way

simple way
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Appendix F: CODING BOOKLET

CODING BOOKLET FOR QUALITATIVE DATA ANALYSIS

(not include a
particular
aspect)

STS Theme Category Rubric Definition of the
Levels THEMES
STS-1: Identifiying all Mastery Aspects of
Identifying Identifying aspects of sustainability
aspects of aspects of sustainability include
sustainability | Sustainability | (eg. Soc_lal, environmental
economical, . .
environmental) issues like water,
Identifiying two | Developing | Waste,
aspects of preservation of
sustainability the ecosystem,
(eg. Social and social issues like
enwrpr'mjental) _ employment,
Identifiying one | Emerging human rights,
aspect of .
sustainability gender, equity,
(eg. peace and
environmental) gconomic issues
No aspect of Pre-aware like poverty
sustainability reduction,

corporating
responsibility
(UNESCO,
2005).
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STS Theme Category Rubric Definition of the Themes
Levels and Categories
l.Integral | Identifying more | Mastery Behavioral aspect is related
Ecology | than two aspects to more technical issues
of integral such as physical boundaries
ecology (eg. skin, cell memrans,
(eg. cultural, tissues) or movements (eg.
behavioral and growth, digestion, flight,
experience) sleep) and measurements
Identifying two | Developing | (eg. measurement of the PH
aspects of in a river). Cutlural aspect
integral ecology refers to morals, symbols,
(eg. cultural and system, meaning, affect etc.
behavioral) (eg. how human culture
STS-2: Identifying one | Emerging symbolize natural world).
Seeing aspect of Experience aspects refers to
Nature integral ecology subjective experiences such
asa (eg. cultural) as social, emotional,
System no aspect (no Pre-aware spiritgal (eg. personal
particular aspect experiences about a
of integral mountaln). Systems aspect
ecology) is related to interactions in
the natural world (eg. food
chain, migration etc.) and
human effect in the world
(eg. how economic
development influences
watershed dynamics)
(Hargens, 2005).
Mastery Describing that nature is a
2.Human- | Holistic view & living system and human is
Nature Developing | related to nature (Capra,
Relations 1999).
hip Mechanistic Emerging Describing a natural system
View in terms of human
perspective as humankind is
separated from nature and
dominate to nature (Capra,
1999).
No view Pre-aware | There is not any particiular
view in students’
explanation.
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STS Theme Category Rubric Definition of the
Levels Themes and
Categories
STS-3: Components | Multiple Mastery Components derived
Identifying | of a system Components & from the case. Multiple
component Developing | components include
sofa Single Emerging most of the components
system Component related to system, single
No Component | Pre-aware component include one
or two component and
no component means
that there is not any
particular component
described related to
system.
STS-4: Interconnecti | Interconnection | Mastery Interconnected
Analyzing | on among the | among the all relationship among the
interconnec | aspects of aspects of three aspects of
tions sustainability | sustainability sustainability (social,
among the economic,
aspects environmental)
sustainabili Interconnection | Developing Interconnected
ty among the two relationships among the
aspects of two aspects of
sustainability sustainability
(eg.environment and
economy)
Separated Emerging Explaining the aspects
explanation of sustainability in a
separated way.
No Pre-aware No particular
interconnection explanation of the
interconnections
STS-5: Hidden Explaining Mastery Recognizing patterns
Recognizin | Dimensions | hidden Developing | and interrelations that
g hidden in a system dimension/s Emerging are not seen on the
dimensions surface (Assaraf &
Not explaining | Pre-aware Orion, 2010). This

any hidden
dimension/s

theme is evaluated
based on the rubric
levels. For instance, if
individuals could
explain many hidden
dimensions in a system,
they are evaluated in
the category of
explaining hidden
dimensions.
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STS Theme Category Rubric Definition of the Themes
Levels and Categories
STS-6: Recognizin | Stating the Mastery Understanding personal
Recognizing | g own own Developing | role in the global
own responsibili | responsibilities | Emerging problems/issues and
responsbility | ty taking responsibility for
in the system Not stating Pre-aware | the choices we make
own (Sleurs, 2008; UNECE,
responshilities 2011).
Making Making Mastery Critically analyzing and
connection | connection understanding past
among among three developments and the
past, time spans reasons of these
presentand | (past, present developments in the
future and future) context of sustainability
aspects (UNECE, 2011).
Creating visions for the
Considering Developing | future and considering the
two time spans impact of today actions to
STS-7: the future and promoting
Considering individuals to make
the positive choices for
relationship sustainability (UNECE,
among past, 2011).
present and Considering Emerging Explaining two time
future two time spans spans (eg. past and future)
simply but not making
connection among them.
Considering Pre-aware | Explaining the only one
one time span particular time such as
giving example from the
present time not
connecting to past or
future.
STS-8: Cyclic Explaining Mastery Understanding that
Recognizing | nature of cycling nature | Developing | natural systems work in
cyclic nature | the system | of the system | Emerging cycles which mean that
of the system there is not begining and
end points (Kali et al.,
Not explaining 2003).
cycling nature | Pre-aware

of the system
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STS Theme Category Rubric Definition of the Themes
Levels and Categories
STS-9: Empathy | Considering | Mastery Understanding other people’
Developing | with other perspectives and their
empathy people people’s reasons behind their actions
with other perspective without blaming them
people in a complete (Sleurs, 2008; Sterling, 2005;
way UNECE, 2011)
Considering | Developing | Understanding other people’
other people’ perspectives and their
perspectives reasons behind their actions,
in a simple sometimes blaming the
way system.
Considering | Emerging Understanding the issue only
other from one side perspective
people’s (eg. considering local people
perspective only)
in one side.
No empathy | Pre-aware | Not building empathy with
with other other people.
people
STS-10: Empathy | Considering | Mastery- Related to feeling
Developing | with non- | non-human Developing | interconnectedness to non-
empathy human beings -Emerging- | human beings and to the
with non- beings nature (Sleurs, 2008).
human
beings No empathy | Pre-aware Not feeling
with non- interconnectedness to non-
human human beings and to the
beings nature
STS-11: Sense of | Multidimensi | Mastery Multidimensional sense of
Developing | place onal sense of | & place is related to Ardoin’s
sense of place Developing | (2006) four dimensional
place sense of place framework.
These four dimensions are;
biophysical environment,
psychological element,
sociocultural and political
context.
Singe Emerging Related to single dimensions
dimensional of sense of place such as
sense of biopysical enviroment or
place psychological element
(Ardoin, 2006; Moseley, et
al., 2015)
No sense of | Pre-aware | There is not any descriptions
place related to sense of place.
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STS Theme Category Rubric Definition of the
Levels THEMES
STS-12: Personal Transformative | Mastery Actions having
Adapting actions for actions for & educational and
Systems sustainability | sustainability Developing | transformative
thinking purpose, resulting in
perspective to meaningful projects
personal life for sustainability
(Sleurs, 2008)
Simple actions | Emerging | Integrating
for sustainable behaviors
sustainability to the personal life
by taking small steps
like doing recycling.
No action Pre-aware | No personal actions

for sustainability.
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Appendix G: OUTLINE FOR PREPARING LESSON PLANS

2.

CONTENT OF THE LECTURE:

You will prepare an lesson plan for elementary school students. The time of the lecture
will be 2 or 3 hours.
The lesson plan will include the below components:

INTRODUCTION

Select a big idea from_the elementary science education book.
You could choose any science subject.

Write your objectives. What do you want your students to achieve after this

lecture?

TEACHING PROCEDURE

1. Explain your teaching procedure in detail and mention why you chose this
method.

2. Your lecture will include an outdoor trip to a place, observation,
measurements, any kinds of activities..

3. Inyour lecture try to give sustainability perspective. Think about your
sustainability definition and dimensions of sustainability and how to integrate
this concept to your course.

4. Also, you will try to teach students how to think in a systemic or holistic way
through your lecture. Your lecture will include a systemic or holistic
understanding.. (please ask me about this part of your course, | can give ideas,
suggestions to your work!!)

ASSESSMENT
1. For the assessment part, you could prepare any kind of activity, reflection,

discussion in order to understand whether the students obtained sustainability
and system thinking perspective. Explain this part in detail!

e Please be creative!

e You dont need to find so many things. You can explain what you
want to give your students with only one creative activity...It depends
on you.

e You can use internet, but dont copy an activity directly from the
internet. Adapt the activity in accordance with system thinking and
sustainability perspective. Or you can create your own activity!

o Please give your references if necessary...

¢+ You will prepare the course in pairs or individually. It depends on
you.

¢+ The percentage of this HW is 30%
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APPENDIX I: TURKISH SUMMARY

GIRIS

Gliniimiizde bilimsel ve teknolojik gelismeler insan yagamini kolaylastirirken pek
cok kiiresel sorunu beraberinde getirmektedir. Iklim degisikligi ve biyolojik
cesitlilik 6rneginde oldugu gibi, kiiresel sorunlar hem karmagsik hem de birbiriyle
oldukca iligkilidir ~ (Sterling, 2010). Son yillarda yapilan arastirmalarda
stirdiiriilebilir bir gelecek i¢in sorumlu bireyler yetistirmek amaciyla fen egitimi ile
stirdiiriilebilirlik i¢in egitim (SiE) arasindaki etkilesimin gelistirilmesi Onemle
vurgulanmaktadir (Stratton, Hagevik, Feldman & Bloom, 2015). Fen egitimi
arastirmacilar1 karmasik ve ¢ok boyutlu kiiresel problemlerin ¢éziimiine destek
saglamak amaci ile etik, ahlak ve siirdiiriilebilirlik gibi kavramlar1 da g6z oniinde
bulundurularak fen egitiminin yeniden yapilandirilmasi gerektigini One
stirmiislerdir (6rn., Carter, 2008; Colucci-Gray, Perazzone, Dodman & Camino,
2013; Feldman & Nation, 2015; Gough, 2008). Ornegin, Carter (2008) 21. yiizyilda
fen egitiminin 6grencilere bilimle ilgili kritik elestiriler yapabilmeleri, diinyada
daha adil, esit ve siirdiiriilebilir bir yasam i¢in katilimc1 olmalarint 6gretmesinin
gerekli oldugunu ileri slrmistir. Bu ylizden fen bilgisi 06gretmenleri
strdiiriilebilirlik okur yazar1 olarak yetistirilmeli (Carney, 2011; Foley,
Archambault & Warren, 2015) yani fen bilgisi Ogretmenleri 6grencilerini
stirdiirtilebilir bir diinyaya hazirlamak i¢in gerekli bilgi ve beceriye sahip olmalari
geregi One siiriilmektedir (Stratton et al., 2015). Gelecek nesilleri sekillendiren
ogretmenlerin 6zellikle SiE alaninda gerekli yeterliliklere sahip olmas1 gerektigi
cesitli uluslararasi raporlarda da vurgulanmaktadir (6rn., UNECE, 2011; Sleurs,
2008). Dolayist ile, bu doktora tezi caligmasi fen bilgisi dgretmenlerinin SiE
egitmeni olarak yetistirilmesi iizerine odaklanmaktadir. Alan yazininda yeterlilik
kavram siirdiiriilebilirligin 6gretilmesi ve 0grenilmesinde doniim noktasi olarak
ifade edilmektedir (Wals, 2010; Wiek, Withycombe & Redman, 2011; UNECE,
2011). Bu calismada yeterlilik kavram1 karmasik, cok yapili, hem biligsel hem de
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duyusssal becerileri igine alan bir kavram olarak ele alinmistir (6rn., Sleurs, 2008;
Strachan, 2012; UNECE, 2011). Son yillarda o6zellikle yiliksedgretimde
stirdiiriilebilirligi 6gretmen egitimi programlarina entegre etmek icin ¢alismalar
yiiriitiilmektedir. Ornegin, Amerika Birlesik Devletleri’nde hazirlanan ulusal bir
raporda Ogrencileri siirdiiriilebilir bir gelecege hazirlamak i¢in 6gretmenlerin sahip
olmasi gereken yeterliliklerden bahsedilmistir (Washington State OSPI, 2008).
Ayn1 zamanda Birlesmis Milletler Avrupa Ekonomi Komisyonu (UNECE, 2011)
tim egitim sektdriinde SiE ile ilgili temel yeterliliklerin belirlenmesi gerektigini
vurgulamistir. SiE 21. ylizyilin inkar edilemez bir gerekliligidir ve fen bilgisi
Ogretmenlerinin sosyal, cevresel, ekonomik, kiiltiirel ¢ok boyutlu, karmasik
problemleri anlamak ve Ogrencileri gelecekte bu problemlerin ¢oziimiinde karar
vericiler olarak yetistirmek i¢in SiE alanindaki yeterliliklere sahip olmasi
gerekmektedir. Bu yeterlilikler arasinda 6zellikle vurgulanan sistemsel diisiinme

becerileridir ve 6gretmenlerin bu beceriyi kazanmalar1 onem tasimaktadir.

1.1 Sistemsel Diisiinme ve Kuramsal Cerceve

Sistemsel diisiinme, karmasik sistemlerin bilesenlerinin, bunlar arasindaki
iligkilerin, Oriintiilerin anlagilmasini, biiyilk resmin goriilmesini saglayan 21.
yiizyilin karmasik sorunlariyla basedebilmek icin yeni bir diisiinme yontemi olarak
ifade edilmektedir (Capra & Luisi, 2014). Sistem diislincesi ozellikle 19. yiizyilin
Newton-Kartezyen diisiincesinin etkisi kaybetmesi ve diinyanin mekanik degil
yasayan, karmasik bir sistem olarak kabul edilmesiyle birlikte ilk defa biyoloji
alaninda ortaya atilmistir (Capra & Luisi, 2014). Daha sonra miihendislik, fizik,
psikoloji, ekonomi ve egitim alanlarinda da 6nem kazanmistir (Sleurs, 2008). Fen
egitimi alaninda da sistemsel diisiinme ile ilgili pek ¢ok c¢alisma yapilmaktadir.
Ornegin, Assaraf ve Orion (2005) ozellikle yer bilimleri alaninda sistemsel
disiinme Dbecerileri lizerine ¢alismislar ve sistemsel diisiinmenin sekiz
karakteristigini belirlemislerdir. Bunlardan bazilar1 gsOyledir: Bir sistemin

bilesenlerini ve onlar arasindaki iligkileri belirleyebilmek, sistem icerisindeki gizli
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bilesenleri fark edebilmek ya da sistemin dongiisel dogasini fark etmek. SiE
alaninda da sistemsel diisiinme 6nemli bir bilesen olarak yer almaktadir. Ornegin,
Nolet (2009) sistemsel diisiinmeyi siirdiiriilebilirlik okuryazarliginin bir bileseni
olarak ele almistir ve bu kavrami sosyal, ekonomik ve ¢evresel sistemler arasindaki
iliskileri kavramak olarak tanimlamistir. Ayrica sistemsel diisiinme SiE alaninda
Ogretmenler ve egitimcilerin sahip olmalar1 gereken temel yeterliliklerden biri
olarak tanimlanmistir (Sleurs, 2008; UNECE, 2011). Temel olarak bu doktora
tezinde fen egitimi ve SiE alaninda literatiirden faydalanarak (6rn., Assaraf &
Orion, 2005; UNECE, 2011) 12 sistemsel diisiinme becerisi belirlenmistir. Ayrica
fen bilgisi 6gretmen adaylarinin sistemsel diisiinme becerilerini gelistirmek igin
acik alanda SiE modeli onerilmistir. Agik alanda egitim kompleks sistemleri ve
onlar1 arasindaki iliskileri anlamak ve bireylerin siirdiiriilebilirlik okur yazarligini
gelistirmek, genis bir perspektiften bakabilmelerini saglamak igin zengin bir
ogrenme ortami saglar (Beames et al., 2012; Hill, 2012; Lugg, 2007). Ayn1 zamanda
alan yazinindaki ¢aligmalara gore agik alanda egitim bireylerin sistemsel diisiinme

becerilerini gelistirmede de 6nemli rol oynar (6rn., Assaraf & Orion, 2005, 2010b).

1.2 Calismanin Amaci ve Arastirma Sorulari

Yukarida Ozetlenen alan yazin1 kapsaminda bu doktora tezi fen bilgisi
ogretmenlerini SiE egitmeni olarak yetistirebilmek i¢in sistemsel diislinme
becerilerini gelistirilmesini amaglamaktadir. Arastirma sorular1 6ncelikle fen
egitimi ve SiE alanindaki yeterliliklerin karsilastirilmasi, sistemsel diigiinme
becerilerinin dl¢iilebilmesi i¢in dlgeklerin belirlenmesi, gegerlilik ve giivenirliginin
saglanmasi, fen bilgisi 6gretmen adaylarinin sistemsel diisiinme beceri diizeylerinin
belirlenmesi, sistemsel diisinme becerilerinin acgik alanda SiE ile nasil
gelistirilebileceginin arastirilmasi ve son olarak fen bilgisi 6gretmen adaylarinin
gelecekte kendi 6grencilerinin sistemsel diisiinme becerilerini nasil gelistirebilecegi
tizerine ders planlarinin incelenmesi olarak kurgulanmistir. Arastirma sorulari

asagida sirayla sunulmaktadir:
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1. Fen bilgisi Ogretmenlerinin siirdiiriilebilirlik i¢in egitim egitmeni
olabilmeleri igin gerekli yeterlilikler nelerdir?

2. Fen bilgisi 06gretmenlerinin siirdiirtlebilirlik i¢in egitim egitmeni
olabilmeleri i¢in gerekli bir yeterlilik olan sistemsel diisiinme becerileri
nasil dlgtilebilir?

3. Sistemsel diisiinme becerilerini 6lgmek i¢in gelistirilen 6lgeklerin gegerlilik
ve giivenirligi nedir?

4. Fen bilgisi 6gretmen adaylarinin mevcut sistemsel diisiinme becerilerinin
diizeyi nedir?

5. Acik alanda stirdiiriilebilirlik i¢in egitim dersiyle fen bilgisi 6gretmen
adaylarinin sistemsel diisiinme becerileri nasil gelistirilebilir?

6. Fen bilgisi 6gretmen adaylar: sistemsel diisiinme becerilerini agik alanda
stirdiiriilebilirlik i¢in egitim dersi kapsaminda ders planlarina ne olciide

yansitabililer?

YONTEM

Bu c¢alisma bes asamada uygulanmistir. Bunlar, fark analizi, sistemsel diisiince
becerilerinin Olclilmesi igin Olgeklerin gelistirilmesi, acik alanda SiE dersinin
tasarlanmasi, pilot ¢alisma ve ana ¢alismadir.

Ik olarak fen bilgisi dgretmenleri ve SiE egitim egitmenlerinin yeterliliklerini
karsilastirmak amaciyla teorik ve uygulamali olmak tizere iki boliimden olusan fark
analizi yontemi uygulanmistir. Teorik boliimde fen bilgisi dgretmenleri ve SiE
egitmenlerinin yeterlilikleri ilgili alan yazinini incelenmistir (6rn., Nezvalova,
2007; NSTA, 2012; MoNE, 2008; UNECE, 2011). Daha sonra bes fen bilgisi
egitimi ve SiE alanlarinda calisan aragtirmacilarla goriismeler yapilmistir. Fark
analizi yontemi sonuclarina gore sistemsel diistinme fen bilgisi 6gretmenlerinin SiE
egitmeni olabilmeleri i¢in gerekli oldugu belirlenmistir.

Ikinci asamada fen egitimi ve SiE alaninda 12 sistemsel diisiinme becerileri

tanimlanmis ve bu becerilerin Gl¢giilmesi amaci ile nitel 6lgme araglar1 (deneme
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yazimi, durum analizi, goriismeler, kavram haritalar1 ve gezi raporlari)

gelistirilmistir. Fen Egitimi ve SiE alaninda belirlenen sistemsel diistinme becerileri

Tablo 1°de verilmektedir.

Tablo 1.

Fen Egitimi ve SiE Alaninda Sistemsel Diistinme Becerileri

Sistemsel Diistinme Becerileri (SDB)

SDB-1
SDB-2
SDB-3
SDB-4

SDB-5
SDB-6
SDB-7

SDB-8
SDB-9
SDB-10
SDB-11
SDB-12

Siirdiiriilebilirligin boyutlarini belirleyebilmek

Dogay1 bir sistem olarak gorebilmek

Bir sistemin bilesenlerini belirleyebilmek

Stirdiiriilebilirligin - boyutlar1 arasindaki iligkileri analiz
edebilmek

Gizli bilesenleri fark edebilmek

Sistemde kendi sorumlugunun farkina varabilmek

Gegmis, gelecek ve gilinlimiiz arasindaki iliskiyi fark
edebilmek

Sistemin dongiisel dogasini fark edebilmek

Diger kisilerle empati kurabilmek

Diger canlilarla empati kurabilmek

Mekan algis1 gelistirebilmek

Sistemsel  diislinme  perspektifini  kendi  yasamina
uyarlayabilmek
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Uciincii asamada ise fen bilgisi ogretmen adaylarmin sistemsel diisiinme
becerilerini gelistirmek amaciyla agik alanda SiE dersi tasarlanmustir.

Calismanin pilot denemesinin yapildig1 dordiincii asamada daha dnce gelistirilen
Olcme araclari test edilmis ve fen bilgisi 6gretmenlerinin mevcut sistemsel diisiinme
becerileri belirlenmis ve acgik alanda SiE dersinin pilot uygulamasi
gerceklestirilmistir.

Son olarak, ana ¢alismada fen bilgisi 6gretmen adaylarinin sistemsel diisiinme
becerilerini gelistirmek i¢in agik alanda SiE dersi uygulanmistir.

Acik alanda SiE dersi ii¢ bolimden olusmaktadir: Iki haftalik siirecten olusan
birinci boliimde derse katilan sekiz fen bilgisi 6gretmen adayinin dersin basinda
mevcut sistemsel diisiinme becerilerinin belirlemek i¢in nitel 6lgme araglar ile
(deneme yazimi, durum analizi ve goriismeler) veriler toplanmistir. Dersin ikinci
boliimii ise bes haftalik programdan olusmaktadir. Bu agsamada sistemsel diistinme
becerilerinin gelistirilmesi: Bir sistemin stirdiiriilebilir kullanimi1 nedir? Baglig
altindan Eymir Goli’'nde alan gezileri diizenlenmistir. Eymir Go6li’nde orman
ekosistemi arastirilmasi, su kalitesi Ol¢limleri ve insan kullanimlar1 {izerine
gozlemler yapilmis ve veriler toplanmistir. Dersin son boliimii ise dort haftalik
programdan olusmaktadir. Sistemsel diisinme becerilerinin  gelistirilmesi:
Siirdiiriilebilir ¢ozlimler basligr altinda 6gretmen adaylariyla birlikte kompost ve
bahce uygulamalar gerceklestirilmistir. Ders siiresince derse katilan sekiz fen
bilgisi 6gretmen adayindan dersin basinda, ortasinda ve sonunda olmak iizere nitel
Olcme araglart kullanilarak (deneme yazimi, durum g¢alismasi, goriismeler, gezi
raporlar1 ve kavram haritalar1) veriler toplanmistir. Verilerin analizinde nitel veri
analizi yontemleri kullanilmistir. Sistemsel diisiinme becerilerine gore tema ve
kategoriler 6nceden belirlenmis ve analiz siiresince ortaya ¢ikan yeni kategorilerin
de eklenmesiyle kod tablosu olusturulmustur (EK-F). Fen bilgisi 6gretmen
adaylarinin sistemsel diisiinme becerilerinin profili daha 6nce degerlendirme
tablosunda tanimlanan dort kategoriye gore belirlenmistir (EK-E). Kategoriler

sirasiyla yeterli, gelismekte olan, yeni ortaya ¢ikan ve farkindalik dncesi olan
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adlandirilmistir. Ornegin, SDB-1 “Siirdiiriilebilirligin boyutlarin1 belirleyebilmek”
(SDB-1) igin sirdiiriilebilirligin  boyutlarindan ikiden fazlasina deginen
katilimcilarin sistemsel diisiinme becerisi yeterli, iki boyuta (6rn., g¢evresel ve
sosyal) deginenlerin gelismekte olan, sadece bir boyutuna (6rn. ¢evresel) yer
verenlerin yeni ortaya ¢ikan ve siirdiiriilebilirligin  boyutlarindan  hig
bahsetmeyenlerin ise sistemsel diisiinme becerisinin diizeyi farkindalik 6ncesi
olarak belirlenmistir. SDB-1 i¢in daha 6nceden belirlenen tema siirdiiriilebilirligin
boyutlarin1 tanimlamak ve kategoriler ise siirdiiriilebilirligin tiim boyutlarini
belirlemek, siirdiriilebilirligin iki boyutunu belirlemek, siirdiiriilebilirligin tek
boyunu belirlemek ve siirdiiriilebilirligin hi¢ bir boyutunu belirlememek olarak
ifade edilmistir (EK-F). Kavram haritalar1 ise “Bir sistemin bilesenlerini
belirleyebilmek (SDB-3), Gizli bilesenleri fark edebilmek (SDB-5) ve Sistemin
dongiisel dogasimi fark edebilmek (SDB-8)” olmak iizere ii¢ sistemsel diisiinme
becerisini dlgmiistiir. Sistemsel diisiinme becerilerinin profili kavram haritalarinin
degerlendirilmesi igin hazirlanan degerlendirme tablosuna gore belirlenmistir (EK-
E). Bir sistemin bilesenleri, bilesenler arasindaki iligkiler, iliskilerin karmasikligi
ve hiyerarsik olup olmamasmma gore kavram haritalar1 analiz edilmistir. Ders
planlarinin nitel analizi ise aym sekilde ders planlarinin degerlendirilmesi i¢in
hazirlanan degerlendirme tablosuna gore yapilmistir. Kazanimlar, O6gretim
metotlar1 ve degerlendirme olmak ilizere ii¢ bolim ayr1 ayr1 degerlendirme
kategorilerine gore degerlendirilmistir (Ek-E). Tiim verilerin i¢inden rastlantisal
olarak secilen 6rneklemler baska bir arastirmaci tarafindan analizi edilerek verilerin
puanlayicilar arasi giivenirligi de saglanmistir. Nitel veri analizinin gecerliliginin
saglanmasi i¢in ¢esitli kaynaklardan veri toplanmistir (durum analizi, gezi raporlari,
goriismeler vd.) ve bu veri toplama araglarinin verdigi sonuclar karsilagtirilmistir.
Ayn1 zamanda sistemsel diisiinme becerilerinin gelistirilmesi ve Olgeklerin
hazirlanmasinda SiE alaninda uzman iki kisinin goriigleri de alinmistir. Sonug
olarak fen bilgisi Ogretmen adaylarinin sistemsel diisiinme becerilerinin

belirlenmesi ve gelistirilmesine agik alanda SiE dersi uygulanmis ve gesitli veri
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toplama araglarindan veriler toplanarak aragtirmaci tarafindan olusturulan kod

tablosu ve degerlendirme tablolar1 yardimiyla analiz edilmistir.

BULGULAR

Bulgular ii¢ asamada sunulmaktadir. Ik olarak fark analizinin sonuglari, daha sonra

pilot caligma sonuglar1 ve son olarak ana ¢alismanin sonuglar1 verilmektedir.

3.1 Fark Analizi Sonuglari:

Fen bilgisi 6gretmen adaylarmin yeterlilikleri ve SiE egitmenlerinin yeterlilikleri
arasindaki farklari tespit etmek i¢in 6ncelikle yazim alani taramasi yapilmistir. Fen
bilgisi 6gretmen adaylarinin sahip olmasi gereken yeterlilikleri belirlemek amaciyla
cesitli raporlar incelenmistir. Bunlardan bazilar1 ulusal Amerika’daki fen bilgisi
ogretmenleri birliginin 2012 raporu (NSTA, 2012) ve digeri yine Amerika’daki
Ulusal aragtirma konseyinin fen egitimi i¢in hazirladig yenilik¢i yaklagimlarin yer
aldig1 rapordur (NRC, 2012). Tiirkiye’den ise Milli Egitim Bakanlig: tarafindan
hazirlanan fen bilgisi 6gretmenleri i¢in 6zel alan yeterlilikleri raporu incelenmistir
(MoNE, 2008). SiE egitmenlerinin sahip olmasi gereken yeterlilikler igin ise
Avrupa Ekonomi Komisyonu’nun hazirladigi SiE alaninda yeterlilikler isimli
raporu incelenmistir (UNECE, 2011). Yazin alam1 taramasinda fen bilgisi
Ogretmenlerinin sahip olmasi gereken yeterlilikler arasinda SiE egitmenlerinin
sahip olmas1 gereken yeterliliklerin herhangi birine rastlanmamistir. Ornegin,
biitiinciil yaklasim, c¢evre, ekonomi, toplum arasindaki iligkilerin fark edilmesi,
farkl gruplari, kiiltiirleri anlamak, empatik iligkiler kurmak gibi yeterlilikler fen
bilgisi Ogretmenlerinin sahip olmasi gereken yeterliliklerde yer almamaktadir.
Ozellikle sistemsel diisiinme hem fen bilgisi egitiminde hem de SiE’de énemli bir
yeterlilik olarak yer almaktadir (Assaraf & Orion, 2010; Batzri ve digerleri, 2015).

Bu nedenle yazin alani taramasi sonucunda sistemsel diisiinmenin fen bilgisi
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ogretmenlerinin SiE egitmeni olabilmeleri i¢in sahip olmalar1 gereken Onemli
yeterliliklerden biri oldugu tespit edilmistir.

Fark analizinin ikinci asamasinda ise fen bilgisi egitimi ve SiE alaninda ¢alisan bes
arastirmaci (doktora dgrencileri) ile goriismeler yapilmistir. Gorlisme sonuglar1 da
yazin alanit taramasmi desteklemektedir. Arastirmacilarin hepsi fen bilgisi
Ogretmenlerinin biitlinciil bir yaklagim1 benimsemeleri gerektigini ifade etmislerdir.
Sonug olarak sistemsel diisiinme 21. yiizy1lda hem SiE alaninda hem de fen bilgisi

egitiminde 6nemli bir yeterlilik olarak gbze ¢arpmaktadir.

3.2 Pilot Calisma Sonuclar

Pilot calisma, gelistirilen nitel Slgeklerin test edilmesi, gecerlilik ve giivenirligin
belirlenmesi, agik alan gezilerinin uygulanmasi ve fen bilgisi 6gretmen adaylarinin
mevcut sistemsel diigiinme becerilerinin tespit edilmesi amaciyla uygulanmistir.
Pilot ¢alismanin verileri deneme yazimi, durum analizi, goriismeler, gezi raporlari
ve kavram haritalar1 araciligiyla toplanmistir. Her bir 6lgek farkli sistemsel
diisiinme becerilerini  8lgmektedir. Ornegin, deneme yazimi ile &gretmen
adaylarinda “Bir agac¢ sizin ne ifade ediyor?” ya da “Bir g6l sizin i¢in ne ifade
ediyor?” sorular1 sorularak Ogretmen adaylarinin dogayr bir sistem olarak
gorebilme (SDB-2) becerisi Ol¢lilmiistiir. Durum analizi 6l¢ekleri ise ii¢ farkl
sistemsel diisiinme becerisini 6lgmektedir. Bunlar, siirdiiriilebilirligin boyutlarini
belirleyebilmek (SDB-1), bir sistemin bilesenlerini belirleyebilmek (SDB-3) ve
stirdiiriilebilirligin boyutlar1 arasindaki iligkileri analiz edebilmektir (SDB-4).
Gorlismeler yoluyla Tablo-1’de verilen on iki sistemsel diisiinme becerisi
Olciilebilmektedir.

Ozet olarak, pilot calisma sonuglar1 fen bilgisi egitimi ve SiE alaninda belirlenen
sistemsel diislinme becerilerinin yukarida ifade edilen nitel 6lgme araglariyla
Olciilebilecegini gdstermistir. Ayn1 zamanda bu Slgme araglart ile belirlenen fen
bilgisi 6gretmen adaylarinin sistemsel diisiinme becerileri genellikle diisiik

kategorilerde bulunmustur (yeni ortaya ¢ikan ve farkindalik oncesi). Ayrica pilot
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caligma sirasinda uygulanan iki agik alanda egitim etkinligi ile (Eymir Goli gezisi
ve atiklarin doniistiiriilmesi) fen bilgisi 6gretmen adaylariin sistemsel diigiinme
becerilerini gelistirmelerine katkida bulundugu tespit edilmistir. Ornegin, alan
gezileri 0gretmen adaylarinin dogay1 bir sistem olarak gorebilmek, insan-doga
iliskisini kavrayabilmek ve doganin dongiisel sistemini fark edebilmek gibi
becerilerin gelisimine katkida bulunmaktadir. Ders sirasindan 6gretmen adaylarina
c¢izdirilen kavram haritalar1 da ¢esitli sistemsel diisiinme becerilerinin 6l¢iilmesine
yardimc1 olmustur. Bunlar; bir sistemdeki bilesenleri ve baglantilar
belirleyebilmek, bir sistemdeki gizli bilesenleri ve dogal sistemlerin karmagikligini

fark edebilmektir.

3.2.1 Pilot Calismadan Cikarilan Dersler

Pilot ¢alisma sonucunda gelistirilen nitel 6lgme araglart ile farkli sistemsel diisiinme
becerilerinin odlgiilebilecegi anlagilmistir. Pilot calismada gerceklestirilen ilk
goriismelerle 6gretmen adaylarinin yazdiklart denemeler ve durum analizinde
verdikleri yanitlarla ilgili daha detayl bilgi alinmasi saglanmistir. Ikinci goriisme
ise alan gezileri ilizerinden hazirlanan sorularla gerceklestirilmistir. Goriismeler
sonucunda 12 sistemsel diisiinme becerisinin dl¢iilebilecegi kanitlanmistir. Ayni
zamanda gezi raporlarinin da 6nemli bir 6l¢gme araci olabilecegi belirlenmistir. Bazi
katilimcilar gezi raporlarindaki sorulara detayli yanitlar vermislerdir. Pilot ¢calisma
sonucunda aragtirmaci tiim Olgme araclarmi ana calismada kullanmaya karar
vermistir. Ancak bazi sorular ile ilgili degisiklikler yapilmistir. Ornegin, durum
analizi i¢in ¢ok boyutlu, daha karmasik stirdiiriilebilirlikle ilgili konular se¢ilmistir.
Aym zamanda alan gezilerinin de kapsamu ve siiresi genisletilmistir. Ornegin,
Eymir gezisi ii¢ hafta agik alanda egitim ve bir hafta sinifta tartigma haftasi olarak
hazirlanmistir. Ug haftalik siiregte fen bilgisi 6gretmen adaylarina Eymir’i farkli
acilardan inceleme olanagi verilmistir. ilk hafta Eymir’de orman ekosistemi
aragtirmasi, ikinci hafta su Kkalitesi Ol¢iimleri ve dglincii hafta ise insan

kullanimlarinin arastirilmas ile ilgilidir. Boylece 6gretmen adaylarimin Eymir’i
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cevresel, sosyal ve ekonomik acilardan ¢ok boyutlu bir dogal sistem olarak
gormeleri hedeflenmistir.

Pilot ¢alisma sonucunda sistemsel diisiinme becerilerini degerlendirmek icin
gelistirilen degerlendirme tablosunda da bazi degisiklikler yapilmistir. Tablo daha
once lic kategoriden (yeterli, gelismekte olan ve yeni ortaya ¢ikan) olusurken
sistemsel diisiinme becerilerini daha iyi degerlendirmek ve giivenilir sonuglar elde
edebilmek i¢in bir kategori daha eklenmistir. Boylece degerlendirme tablosu
veterli, gelismekte olan, yeni ortaya ¢ikan ve farkindalik oncesi olmak tizere dort
kategoriden olusmustur.

Pilot ¢alismaya 29 katilimer katilmistir. Ana ¢alismada ise fen bilgisi 6gretmen
adaylarinin sistemsel diisiinme profilini ortaya c¢ikarmak icin daha az kisi ile
calismaya karar verilmistir ve sekiz fen bilgisi 6gretmen aday1 yer almistir. Ana
calismada tekli gomiilii durum analizi yontemi benimsenerek, sistemsel diisiinme
becerileri birim analizi olarak ele alinmustir.

Pilot calismadan elde edilen diger bir sonug ise fen bilgisi 6gretmen adaylarinin
mevcut sistemsel diisiinme becerileridir. Pilot ¢alisma sonucunda katilimcilarin
sistemsel diisiinme becerileri yeterli diizeyde bulunmamustir. Ornegin, katilimeilar
kapsamli, cok boyutlu bir siirdiiriilebilirlik bakis agisina sahip degillerdir. Olaylar
degerlendirirken ge¢mis, gelecek ve giiniimiiz arasinda baglanti kurmakta, empati
gelistirmekte ve mekan algisi olusturmakta zorlanmiglardir. Bu nedenle fen bilgisi
ogretmen adaylarinin sistemsel diisiinme becerilerinin gelistirilmesi gerektigi

sonucuna varilmistir.

3.3 Ana Calisma Sonuclar1

Ana calisma fark analizi ve pilot calisma sonuglarma gore tasarlanmistir. Ana
calismada iki arastirma sorusuna cevap aranmistir. Bunlar, “Ac¢ik alanda

atirdirilebilirlik icin egitim dersiyle fen bilgisi dgretmen adaylarinin sistemsel

diisinme becerileri nasil gelistirilebilir?” ve “Fen bilgisi 6gretmen adaylari
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sistemsel disiinme becerilerini agik alanda siirdiiriilebilirlik igin egitim dersi

kapsaminda ders Planlarina ne dl¢lide yansitabililer?”

3.3.1 Arastirma Sorusu-5: A¢ik Alanda Siirdiiriilebilirlik icin Egitim Dersiyle
Fen Bilgisi Ogretmen Adaylarimin Sistemsel Diisiinme Becerileri Nasil

Gelistirilebilir?

Fen bilgisi 6gretmen adaylarinin sistemsel diisiinme becerileri agik alanda SiE dersi
boyunca ii¢ boliim ile 6l¢ililmiistiir. Birinci boliimde deneme yazimi, durum analizi
ve goriismeler yoluyla ders baslamadan Once katilimcilarin mevcut sistemsel
diisiinme becerileri belirlenmistir. Ikinci ve iiciincii boliimlerde ise katilimcilarin
sistemsel diistinme becerilerindeki gelisim yine deneme yazimi, durum analizi,
goriigmeler, gezi raporlart ve kavram haritalar1 kullanilarak arastirilmistir. Bu
sayede ders siiresince katilimcilarin sistemsel diisiinme becerilerini nasil

gelistirdikleri tespit edilmistir.

3.3.1.1 Mevcut Sistemsel Diisiinme Becerilerinin Belirlenmesi (Boliim -1)

Fen bilgisi 6gretmen adaylarinin mevcut sistemsel diisiinme becerileri deneme
yazimi, durum analizi ve goriismeler aracili ile 6l¢iilmiistiir. Deneme yazimi ve
durum analizi sonuglar1 goriismelerle benzer sonuglar vererek sonuglar birbirini
desteklemistir. Analiz sonuglarina gore fen bilgisi 6gretmen adaylarinin sistemsel
diisiinme becerilerinden Siirdiiriilebilirligin boyutlarint belirleyebilmek (SBD-1),
Dogay1 bir sistem olarak gorebilmek (SDB-2) ve Bir sistemin bilesenlerini
belirleyebilmek (SDB-3) yeni ortaya ¢ikan ve gelismekte olan kategorilerinde
degerlendirilmistir. Fen bilgisi 6gretmen adaylar1 baslangicta bu becerilere belli
oranda sahiplerdir. Ancak SDB-3’den sonra diger becerilerin daha disiik
diizeylerde oldugu tespit edilmistir. Ornegin, siirdiiriilebilirligin boyutlari
arasindaki iliskileri analiz edebilme (SDB-4) becerisi i¢in bir katilimci farkindalik

oncesi, alti katilimci yeni ortaya cikan ve bir katilimci gelismekte olan
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kategorilerinde degerlendirilmistir. Katilimcilarin ¢ogu siirdiirtilebilirligi tek bir
boyutta yani genellikle ¢evre boyutunda degerlendirmekte ve diger boyutlar
arasindaki iliskileri analiz etmekte zorluk yasamaktadirlar. Ornegin, bir
katilimecinin agiklamasi baglanti kuramamak kategorisinde ve farkindalik oncesi
diizeyinde bulunmustur. Katilimcinin agiklamasi soyledir:
PST-5: Havaalanin1 o alana kurmak yerine, daha verimsiz bir bdlgeye
kurabilirler. Bu sekilde dogal dengeyi koruyabilirler.
Stirdiiriilebilirligin  iki boyutu arasinda iliski kurabilen ve gelismekte olan
diizeyinde degerlendirilen bir katilimci ise goriismede sdyle sOylemistir:
PST-3: Evet havaalanina ihtiyacimiz var. Fakat havaalanini dogaya zarar
vermeyecek sekilde en uygun yere kurmaliyiz. Dogaya ve insanlara zarar
vermeyecek sekilde bunu yapmamiz gerekiyor.
Diger sistemsel diisiinme becerileri (6rn., gizli bilesenleri fark edebilmek, sistemde
kendi sorumlugunun farkina varabilmek) i¢in katilimcilarin ¢ogu farkindalik 6ncesi
diizeyinde bulunmuslardir. Asagidaki tabloda bazi sistemsel diisiinme becerileri

icin temalar, kategoriler ve drnek maddeler sunulmaktadir.
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Tablo-1.

Fen bilgisi 6gretmen adaylarinin gériisme sorularina gore mevcut sistemsel
diigiinme becerileri (temalar, kategoriler ve ornek maddeler

Tema ve Katimcilar Ornek Maddeler Diizey
Kategoriler
Gizli bilesenleri  PST-1 PST-2: Pek ¢ok gizli Gelismekte
farkedebilmek PST-2 bilesen var. Ornegin, olan
(SDB-5) PST-8 bir havalaninda pek ¢cok
ucak CO- saltyor ve
a. Gizli iklim degisikligine
bilesenleri katkida bulunuyor.
aciklayabilmek Ayn1 zamanda, karbon
(orn., Iklim tutan kaynaklari1 yok
degisikligi) ediyoruz (agaclar gibi)
ve atmosferdeki CO>
SDB-5: Gizli seviyesini artiyoruz.
bilesenleri
farkedebilmek
a. Gizli PST-3 PST-6: Orada yasayan Yeni ortaya
bilesenleri PST-6 agaclar var, pek ¢ok tiir ¢ikan
aciklayabilmek var. Agaglari keserek
iklim degisikligine
sebep oluyoruz ve
oradaki tiirlerin yok
olmasina...
b.Gizli PST-4 PST-7: Busorun sadece  Farkindalik
bilesenleri PST-5 dogayla ilgili degil, Oncesi
aciklayamamak  PST-7 orada yasayan

insanlarla da ilgili.
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Goriisme sonuglara gore bazi beceriler arasinda karmasik, hiyerarsik bir iligki
olabilecegi tespit edilmistir. Baz1 beceriler i¢in (6rn., SDB-7, SDB-8, SDB-11)
katilimcilarin sistemsel diistinme becerisi yeni ortaya ¢ikan yada farkindalik éncesi
olmak iizere diislik diizeylerde bulunmustur. Ayni zamanda katilimcilar arasinda
bireysel farkliliklar oldugu da belirlenmistir. Bazi katilimcilar bazi becerilere (6rn.,
SDB-1, SDB-3) 6nceden belli diizeyde sahip iken bazi katilimcilarin bu becerilere

sahip olmadig1 anlasilmistir.

3.3.1.2 Sistemsel Diisiinme Becerilerinin Gelistirilmesi-Boliim 11 ve 111

Fen bilgisi 6gretmen adaylarinin sistemsel diisinme becerileri Bir sistemin
surdiiriilebilir kullamimi ve siirdiiriilebilirlikle ilgili ¢oziimler bagliklar altinda
hazirlanan agik alanda SiE dersi kapsaminda gelistirmeleri beklenmistir. Ders
stiresince dersin ortasinda ve sonunda goriigsmeler, gezi raporlari, kavram haritalar
ve dersin sonunda uygulanan durum analizi ile nitel veriler toplanmigtir. Boliim-
2’de Eymir gezilerinden olusan boliimii, Boliim-3 ise kompost ve bahg¢e yapimu ile

ilgili boliimii olugturmaktadir.

3.3.1.2.1 Sistemsel Diisiinme Becerilerinin Gelistirilmesi-Boliim 11

Boliim 11 {i¢ hafta alan gezisi ve iki hafta sinif i¢i etkinliklerden olusmaktadir. Bu
boliimiin sonunda goriismeler, gezi raporlari ve kavram haritalar1 kullanilarak
katilimcilarin sistemsel diisiinme becerileri Ol¢iilmiistiir. Ders siiresince katilimcilar
lic gezi raporu hazirladilar ve Eymir’le ilgili bir kavram haritas1 ¢izdiler. Veri
analizi sonuglarina gore Ogretmen adaylarinin bazi becerileri gelistirdikleri ve
degerlendirme tablosuna gore yiiksek diizeyde olduklar tespit edilmistir. Ornegin,
stirdiiriilebilirligin  boyutlarin1 belirleyebilmek (SDB-1) becerisi i¢in goriigme

analizi sonuglarina gore katilimcilarin {igii yeterli ve besi gelismekte olan
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diizeylerinde bulunmuslardir. Dogay1 bir sistem olarak gorebilmek (SDB-2)

becerisi tiim katilimeilar i¢in yeterli diizeyde bulunmustu

Tablo 2.

Fen Bilgisi Ogretmen adaylarinin goriisme sorularina gore sistemsel diisiinme
becerileri-Béliim-11 (temalar, kategoriler ve 6rnek maddeler)

Tema ve Katihmeilla  Ornek Maddeler Rubrik
Kategoriler r Diizeyi
Siirdiiriilebilirligin PST-3: Ben
Boyutlar stirdiirtilebilirligi
a.Siirdiiriilebilirliz PST-1 hem insanlarin Yeterli
i biitiin PST-2 hem de ¢evrenin
boyutlariyla PST-3 uyum iginde
tanimlamak olmasi olarak
(6rn. gevresel-geri tanimliyorum.
doniigiim, Kalkinirken
sosyal(insanlarin cevrenin de
SDB-1: mutlulugu, korunmasi...
Siirdiiriilebilirligi  economik-
n boyutlarim kalkinma)
belirleyebilmek PST-7:
b.Siirdiiriilebilirlig PST-4,PST-  Siirdiiriilebilirlik
i iki boyutlu 5 benim igin geri Gelismekt
tammmlamak PST-6,PST-  doniisiim demek. e Olan
(6rn., gevresel- geri 7 Dongiisel sisteme
doniisiim, atiklarin PST-8 katkida
azaltilmasi gibi) bulunmamiz
gerekiyor ¢linkii
dogada hersey
birbirine bagl.

Bitiin canli ve
cansiz varliklar
stirdiiriilebilirligi
n bir pargasi
fakat, bazen biz
bu dongiisel
sisteme zarar
veriyoruz.

Boliim II’nin sonunda katilimcilar Eymir Golii’niin siirdiiriilebilir kullanimi tizerine

bilesenleri ve baglantilari diisiinerek bir kavram haritasi ¢izdiler. Kavram haritalari

bilesenlerin ve bilesenler arasindaki iliskilerin sayisi, karmasiklik diizeyi (dongiisel

iliskiler mi yoksa daha ¢ok hiyerarsik iliskiler mi) ve gizli bilesenlerin varligina
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gore kavram haritalarin degerlendirilmesi i¢in hazirlanan degerlendirme tablosu
kapsaminda degerlendirilmislerdir. Degerlendirme tablosuna gore ti¢ katilimecinin
sistemsel diisiinme becerisi yeterli diizeyde ve bes katilimcinin sistemsel diistinme
becerisi gelismekte olan diizeyine belirlenmistir. Bes katilimci1 Eymir’le ilgili
kavramlar arasindaki iliskileri, gizli bilesenleri gdstermislerdir ancak karmasik,
dongiisel iligkilere daha az yer vermislerdir. Yeterli diizeyde bulundan katilimeilar
Eymir’i daha biitlinciil bir sistem olarak degerlendirip kavramlar arasinda daha
karmagik iliskiler cizmislerdir. Dogal sistemlerde her seyin birbiriyle iliskili
oldugunu ve insanin da bunu pargasi oldugunu gdstermeye ¢alismislardir.

Ozetle Eymir’e yapilan geziler fen bilgisi 6gretmen adaylarmin sistemsel diisiinme
becerilerinin gelistirilmesine katkida bulunmustur. Veri analizi sonuglarina gore
sistemsel diisiinme becerilerinden 6zellikle SDB-7’den SDB-12’ye kadar olan
becerilerin gelisimi daha yavastir. Buna gore bu becerilerin diger becerilere gore

daha karmasik oldugu sonucuna varilmaktadir.

3.3.1.2.2 Sistemsel Diisiinme Becerilerinin Gelistirilmesi- Boliim 111

Bolim-IIT dort haftalik dersten olusmaktadir. Boliim III’de siirdiiriilebilir ¢oziimler
tizerine odaklanilarak kompost yapimi ve bahg¢e yapimi iizerine c¢aligilmistir.
Donem boyunca fen bilgisi 6gretmen adaylar1 kompostun ve bahgenin bakimindan
sorumlu olmuslardir. Katilimcilar bir gezi raporu hazirlamiglardir. Ders sonunda
durum analizi, gezi raporu, goriismeler ve kavram haritalar1 aracilifiyla veriler
toplanmistir. Ayrica dersin son haftasinda fen bilgisi 6gretmen adaylarinin final
projesi olarak acik alanda SiE kapsaminda bir ders plani hazirlamislardir. Donem
sonunda yapilan veri analizi sonuclarina gore sekiz katilimcinin da sistemsel
diisiinme becerileri yeterli ve gelismekte olan diizeylerinde bulunmustur. Ozellikle
tim katilimcilar Tablo-1’de sunulan becerilerden stirdiiriilebilirligin boyutlarini
belirleyebilmek (SDB-1), dogay1 bir sistem olarak gorebilmek (SDB-2), bir
sistemin bilesenlerini belirleyebilmek (SDB-3), siirdiiriilebilirligin boyutlar
arasindaki iliskileri analiz edebilmek (SDB-4), gizli bilesenleri fark edebilmek
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(SDB-5), sistemde kendi sorumlugunun farkina varabilmek (SDB-6), sistemin
dongiisel dogasini fark edebilmek (SDB-8) ve diger kisilerle empati kurabilmek
(SDB-9) becerileri degerlendirme tablosuna gore en yiiksek diizeyde yani yeterli
diizeyde bulunmustur. Diger becerilerde ise (gegmis, gelecek ve gilinlimiiz
arasindaki iliskiyi fark edebilmek (SDB-7), diger canlilarla empati kurabilmek
(SDB-10), mekan algis1 gelistirebilmek (SDB-11) ve sistemsel diisiinme
perspektifini kendi yasamina adapte edebilmek (SDB-12) daha yavas bir gelisme
gostermislerdir. Bu becerilerin ¢ogu degerlendirme tablosuna gore yeterli ve
gelismekte olan diizeylerinde bulunmustur. Sadece ti¢ katilimcinin SDB-12 becerisi
yeni ortaya c¢ikan diizeyinde kalmistir. Katilimeilarin ¢ogu siirdiiriilebilirlik igin
daha basit davranislarda bulunduklarindan bahsetmislerdir. Ornegin, geri déniisiim
yapmak, atiklar1 azaltmak gibi. Katilimcilarin hi¢ biri stirdiiriilebilirlik i¢in
doniistiiriicii davraniglarda bulunduklarindan ya da bulunmayi planladiklarindan
sOz etmemislerdir. Buradan ¢ikarilan sonuca gore son beceri (SDB-12) bir ders
kapsaminda daha yavas gelismektedir. Kavram haritalar1 da katilimcilarin sistemsel
diistinme becerilerini gelistirdigini gostermektedir. Ders sonunda katilimcilarin
cogu karmasik yapida haritalar ¢izmislerdir. Ayrica son gezi raporundan ¢ikarilan
sonuca gore kompost ve bahge caligmasi katilimcilarin  6zellikle “sistemde kendi
sorumlugunun farkina varabilmek™ ve “sistemin dongiisel dogasin1 fark edebilme”
becerilerinin gelismesine katkida bulunmustur. Tablo 3’de sunuldugu gibi tiim
katilimcilarin becerileri dersin sonunda degerlendirme tablosundan ¢ikan sonuca

gore yeterli diizeyde bulunmustur.
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Tablo 3.

Fen Bilgisi Ogretmen adaylarinin goriisme sorularina gore sistemsel diigiinme
becerileri-Béliim-111 (temalar, kategoriler ve ornek maddeler)

Tema ve Katiimeilar  Ornek Maddeler  Degerlendirme
Kategoriler Diizeyi
SDB-6: Kendi PST-1 PST-5: Bu ders Yeterli
Sistemde sorumlulugunun  PST-2 sirasinda kendi
kendi farkina varmak  PST-3 davraniglarimi
sorumlugunun PST-4 daha ¢ok
farkina a.Kendi PST-5 diisiinmeye
varabilmek sorumlulugunu PST-6 basladim. Hepimiz
ifade etmek PST-7 bu sistemin bir
PST-8 parcastyiz. Bu
sistemde kendi
rolumun ve kendi
sorumluluklarimin
daha ¢ok farkina
vartyorum.
SDB-8: Sistemin PST-1 PST-1: Domates Yeterli
Sistemin dongiisel yapisi PST-2 ve diger bitkileri
dongiisel PST-3 yetistirmeyi
dogasini a.Sistemin PST-4 ogrendik. Ancak
farkedebilmek dongiisel PST-5 bu sadece domates
yapisini PST-6 yetistirmeyi
aciklamak PST-7 ogrenmekle ilgili
PST-8 degil. Burda biitiin

herseyin bir
dongiiniin parcasi

oldugunu farketim.

Bu ders sayesinde
biiyiik resmi
gormeye basladim.
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3.3.2 Arastirma Sorusu-6: Fen Bilgisi Ogretmen Adaylan Sistemsel Diisiinme
Becerilerini Acik Alanda Siirdiiriilebilirlik icin Egitim Dersi Kapsaminda

Ders Planlarina Ne Olgiide Yansitabilirler?

Donem sonunda fen bilgisi 6gretmen adaylarinin sistemsel diisiinme becerilerini bir
ders planina ne kadar yansitabildiklerini belirleyebilmek icin kendi segtikleri bir
konu iizerinde agik alan SiE kapsaminda bir ders plan1 hazirlamalar istenmistir.
Hazirladiklar1 ders planlarina sistemsel diisiinme becerilerini ne kadar
biitiinlestirebildikleri yine bir degerlendirme tablosune gore degerlendirilmistir.
Degerlendirme tablosunda kazanimlar, 6gretim metodlar1 ve degerlendirme bolimii
olmak iizere li¢ boliimden olusmaktadir. Ders planlar1 6zellikle bes konu iizerine
hazirlanmistir. Bunlar, ekosistem, toprak erozyonu, elektrik, geri doniisim ve
viicudumuzdaki sistemlerdir. Ders plani analizi sonuglarina gore katilimcilar ders
sonunda gelistirdikleri sistemsel diisiinme becerilerini ders planlarina
yansitabilmislerdir. Ornegin, siirdiiriilebilirligin boyutlar1, bir sistemin bilesenleri
ve arasindaki iligkiler, insanin sistemdeki rolii ve sistemin dongiisel dogas1 gibi

becerileri ders planlarina entegre edebilmislerdir.

Sonug olarak, acik alanda SiE dersi fen bilgisi 6gretmen adaylarimin sistemsel
diistinme becerilerini gelistirmelerine katkida bulunmustur. Ancak bu gelisim iki
sonuca baghdir. Bunlar bireysel farkliliklar ve becerilerin karmagik yapisi. Bu
sebeble analiz sonuglarina gore iki grup ortaya c¢ikmaktadir. Bunlardan biri
sistemsel diisiinme becerilerinde yavas gelisim gosterenler digeri ise sistemsel
diisiinme becerilerinde 6nemli bir ilerleme gosterenlerdir. Birinci grupta yer alan
ti¢ katilimcinin (PST-1, PST-2 ve PST-3) bazi mevcut sistemsel diisiinme becerileri
gelismekte olan veya yeni ortaya ¢ikan diizeyindedir ve ders siiresince daha yavas
bir gelisme gostermislerdir. Ancak diger bes katilimcinin (PST-4, PST-5, PST-6,

PST-7, PST-8) dersten once mevcut sistemsel diisiinme becerileri genellikle
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farkindalik Oncesi iken ders siiresince bu becerilerin en yiiksek diizeye
cikarmislardir (yeterli). Ornegin, PST-4 dersin basinda Bolim-I’de elde edilen
verilerde siirdiiriilebilirligi sadece geri doniisiim olarak tanimlamistir. Ancak dersin
sonunda  siirdiiriilebilirligi  kapsamli  bir  sekilde, biitin  boyutlariyla

tanimlayabilmistir. Asagida katilimcinin agiklamasi verilmektedir:

PST-4: Siirdiirtilebilirlik dogal kaynaklari gelecek nesillerin de ihtiyaglarini
diisiinerek kullanmaktir. Ornegin, Eymir géliinden her tiirlii faydalanabiliriz
ancak goli kullanirken dogasini da korumaliy1z.

PST-4 ayn1 zamanda kavram haritasinda kavramlar arasindaki karmasik iligkileri
gosterebilmistir. Yine siirdiiriilebilirligi merkeze alarak dongiisel system,
stirdiiriilebilir tarim gibi pek ¢ok bilesenlerle olan iliskisini gdstermistir. Daha 6nce
mevcut sistemsel diisinme becerileri diisiik diizeyde olan katilimcilar ders
stiresince farkedilebilir diizeyde bir gelisme gostermislerdir. Bireysel farkliliklarin
yanisira becerilerin gelisimi karmasikligina gore de farklilik gostermektedir. Veri
analizi sonuglarina gore 12 sistemsel diisiinme becerisi arasinda dort hiyerarsik
diizey olabilecegi belirlenmistir. Bunlardan SDB-1, SDB-2 ve SDB-3 en basit ve
kolay gelisen beceriler olarak belirlenmistir. Ikinci sirada ise SDB-4, SDB-5, SDB-
6, SDB-7, SDB-8 ve SDB-9 gelmektedir. Uciincii sirada SDB-7, SDB-10 ve SDB-
11 gelirken en iist sirada SBD-12 yer almigtir. Katilimcilardan bazilart SDB-12
(sistemsel diistinme perspektifini kendi yasamina uyarlayabilmek) i¢in yeni ortaya
c¢ikan diizeyinde kalmiglar ve bu beceriyi gelistirememislerdir. Ancak Sekil-1’de

beceriler arasindaki hiyerarsik yap1 gosterilmektedir.
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p
SDB-12-Sistemsel diisiinme perspektifini kendi
yasamina adapte edebilmek

e <

SDB-11: Mekan Algisi Gelistirebilmek
SDB-10: Diger Canilarla Empati Kurabilmek

SDB-7: Gegmis, gelecek ve glinimuiz arasindaki
\iliskiyi farkedebilmek

/SDB-Q: Diger Kisilerle Empati Kurabilmek

SDB-8: Sistemin Dongusel Dogasini Farkedebilmek
SDB-6: Sistemde Kendi Sorumlulugunun Farkina
Varabilmek

SDB-5: Gizli bilesenleri farkedebilmek

STS-4: Surdirdlebilirligin boyutlari arasindaki
Qliskileri ayirabilmek /
SDB-3: Bir sistemin bilesenlerini belirleyebilmek
SDB-2: Dogayi bir sistem olarak gérebilmek

SDB-1: Surdarilebilirligin boyutlarini

belirleyebilmek

J
N

Sekil-1. Sistemsel Diisiinme Becerileri Arasindaki Iliski
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TARTISMA VE SONUC

Tartisgma bolimii ¢ bashk altinda sunulmaktadir. Bunlar, fen bilgisi
ogretmenlerinin SiE egitmeni olabilmeleri igin sahip olmas1 gereken yeterlilikler,
sistemsel diislinme becerisinin dl¢lilmesi ve fen bilgisi 6gretmen adaylarinin
mevcut sistemsel diisiinme becerilerinin belirlenmesi ve sistemsel diisiinme

becerilerinin acgik alanda SiE dersi ile gelistirilmesidir.

5.1 Fen Bilgisi Ogretmenlerinin SiE Egitmeni Olabilmeleri icin Sahip Olmasi

Gereken Yeterlilikler

Fark analizi sonuglarina gore fen bilgisi 6gretmenlerinin sahip olmasi gereken
yeterlilikler SiE egitmenlerinin yeterliliklerini kapsamamaktadir. Bunun bir sebebi
egitim programlarinda siirdiiriilebilirligin ve SiE egitimin yer almamasidir.
Ornegin, Tiirkiye’deki iiniversitelerin egitim fakiiltelerinde 6gretim iiyeleriyle
yapilan bir arastirmada o6gretim {iyelerinin siirdiirtilebilirligi derslerine entegre
etmedikleri tespit edilmistir (Cavas ve digerleri, 2014). Benzer sekilde 6gretmen
adaylar1 ve 6gretmenler de SiE kavramina yeteri kadar agina degillerdir. Ornegin,
Cebriyan ve Junyet (2015) Ispanya’da uyguladiklari bir ¢alismada &gretmen
adaylarinin SiE yeterliliklerine sahip olmadiklar1 sonucuna ulasmisladir. Benzer
sekilde Burmeister ve arkadaglar1 (2013) fen bilgisi 6gretmenlerinin SiE ile ilgili
yeteri kadar bilgi ve beceriyle sahip olmadiklarin1 belirlemislerdir. Bu ¢alismada
fark analizi sonucuna Qore sistemsel disiinme becerilerinin fen bilgisi
ogretmenlerinin  SiE  egitmeni olabilmeleri i¢in sahip olmasi gereken
yeterliliklerden biri oldugu tespit edilmistir. SiE alan yazininda da sistemsel
diistiinme ozellikle yiiksek O6gretimde gelistirilmesi gereken onemli bir yeterlilik
oldugu arastirmacilar tarafindan ifade edilmistir (Wiek ve arkadaslari, 2011;
Rieckmann ve arkadaglari, 2012). Fen bilgisi egitimi alan yazininda da

arastirmacilar sistemsel diisiinmeyi 21.ylizyill becerilerinden oldugunu ve
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ogrencilerin sistemsel diisiinme becerilerinin gelistirilmesi gerektigini ifade

etmislerdir (Assaraf ve Orion, 2005; 2010; Chandi, 2008; Hogan ve Weathers).

5.2 Sistemsel Diisiinme Becerilerinin Olgiilmesi ve Fen Bilgisi Ogretmen

Adaylarimin Mevcut Sistemsel Diisiinme Becerilerinin Belirlenmesi

Bu caligmada fen egitimi ve SiE alaninda 12 sistemsel diisiinme becerisi
belirlenmistir. Bu becerileri duyusal, bilissel ve psikomotor alanlar1 kapsamaktadir.
Alan yazininda bazi1 ¢alismalarda da sistemsel diisiinme farkli alanlar1 igerecek
sekilde ifade edilmistir (6rn., Sleurs, 2008; UNECE, 2011). Ayn1 zamanda
sistemsel diisiinme becerilerini 6lgmek icin bir dizi 6l¢gme araclari1 hazirlanmistir
(6rn., deneme yazimi, durum analizi, goriismeler, kavram haritalar1 ve gezi
raporlari). Alan yazininda fen egitimi, SiE ve farkli alanlarda nitel 6lgme araglari
kullantlmistir (6rn., Assaraf ve Orion, 2010; Brandstadter ve digerleri, 2012;
Connel ve digerleri, 2012). Deneme yazimi, durum analizi ve kavram haritalar
spesifik sistemsel diisiinme becerilerini dlgmek icin Ozellikle fazla sayidaki
orneklemlerde etkili bir sekilde kullanilabilir (Brandstadter ve digerleri, 2012).
Goriismeler sistemsel diisiinme becerilerini  6lgmek i¢in  kullanilan etkili
yontemlerden biridir (Assaraf & Orion, 2010a, 2010b). Bu ¢alismada da oldugu
gibi goriismeler sistemsel diisiinme becerileri ile ilgili daha kapsamli bilgi verir.

Ana caligma baslamadan once fen bilgisi 6gretmen adaylarinin mevcut sistemsel
diisiinme becerileri Olciilerek genellikle yeni ortaya ¢ikan ya da farkindalik 6ncesi
diizeylerinde bulunmustur. Dutton-Lee (2015) tarafindan yapilan bir ¢aligmada da
fen bilgisi 6gretmen adaylarinin ve fen bilgisi 6gretmenlerinin sistemsel diisiinme
becerileri Ol¢iilmiis ve bazi becerilerinin (6rn., bir sistemdeki bilesenleri ve
etkilesimleri belirleyebilme) diisiik diizeyde oldugu tespit edilmistir. Barak ve Dori
(2009) yaptiklart bir calismada fen bilgisi 6gretmenlerinin sistemsel diisiinme
becerilerinin {iniversitede Ogretmen egitimi programlarina entegre edilerek

gelistirilmesi gerektigini ifade etmislerdir.
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5.3 Sistemsel Diisiinme Becerilerinin A¢ik Alanda SiE ile Gelistirilmesi

Acik alanda SiE dersi fen bilgisi 6gretmen adaylariin sistemsel diisiinme
becerilerinin gelismesinde onemli rol oynamistir. Ozellikle Eymir Gélii’ne yapilan
gezilerde katilimcilar Eymir’i farkli agilardan inceleyerek siirdiiriilebilirligin farkli
boyutlarini kesfetmislerdir. Alan gezileri ayn1 zamanda dogal sistemleri anlayarak
insanin bu sistemin bir parcasi oldugunu farketmelerine olanak saglamistir. Beames
ve digerleri (2012) agik alanda egitimin komplex sistemleri anlasilmasinda ve
insan-doga iliskisinin farkedilmesine onemli rol oynadigini ifade etmislerdir.
Omegin, kompost yapimi ve bahge etkinlikeri de katilimcilarin sistemde kendi
rollerini, sorumluluklarini farketmelerine ve dogal sistemlerin dongiisel yapisini
anlamalarina yardimci olmustur. Ayni1 zamanda Assaraf ve Orion (2010b)
yaptiklar1 bir caligmada acik alanda egitimin kigilerin dongiisel sistemi
anlamalarina ve sistemde kendi rollerinin farkina varmalarina yardimer oldugunu
bulmuslardir. Capra (1999) bahge c¢aligmasinin sistemsel diisiinmeyi harekete
geciren onemli bir etkinlik oldugunu ifade etmistir.

Bu calismadan elde edilen diger bir sonug ise 12 sistemsel diisiinme becerileri
arasinda karmasik ve hiyerarsik bir iliski oldugudur. Ornegin, “Sistemsel diisiinme
perspektifini kendi yasamina uyarlayabilmek” (SDB-12) becerisi en kompleks
beceri olarak degerlendirilmistir (Sekil-1). Bu ¢alismanin sonunda katilimeilarin
¢ogunlugu bu beceri igin gelismekte olan ya da yeni ortaya ¢ikan seviyesinde
kalmislardir. SDB-12 dersin sonunda yeterli diizeyde bulunamamistir. Bu nedenle
bazi beceriler daha karmasik olduklari i¢in gelismesi zaman almaktadir. Assaraf ve
Orion (2005) kendi ¢calismalarinda sistemsel diisiinme becerileri arasinda hiyerarsik
bir iliski oldugunu kesfetmistir. Ayn1 zamanda katilimcilarin sistemsel diisiinme
becerileri onlarin daha onceki bilgi ve tecriibelerine dayali olarak degisiklikler
gostermektedir. Katilimeilarin becerileri onlarin inang, deger ve davranisglarina gore
degisiklik gosterebilir ve bu farkliliklar diistinme yapilarini etkiler (Sterling ve
arkadaslar1, 2005). Ozet olarak bu ¢alismadan elde edilen sonuglar su sekilde

sunulabilir;

383



1. Fark analizi sonucunda sistemsel diisinmenin fen bilgisi O0gretmen
adaylarminin SiE egimeni olabilmeleri ic¢in gerekli oldugu bulgusuna
ulastlmistir.

2. Tlgili alan yazinina gore fen egitimi ve SiE alaninda 12 sistemsel diisiinme
becerisi belirlenmistir.

3. Sistemsel diisiinme becerilerini gelistirmek i¢in bes farkli nitel 6lgme
araclan gelistirilmistir.

4. Pilot calisma ile 6lgme araglarinin gecerlilik ve glivenirlikleri test edilerek
12 sistemsel diisiinme becerisinin bu bes dlgme araciyla olgiilebilecegine
karar verilmistir.

5. Pilot ¢alisma sonucunda fen bilgisi 6gretmen adaylarinin sistemsel diisiinme
becerilerinin tahmin edildigi gibi yeterli diizeyde olmadig1 belirlenmistir.

6. Son olarak sistemsel diisiinme becerilerinin a¢ik alanda SiE ile
gelistirilebilecegi ancak bireysel farkliklarin ve becerilerin karmasik
yapisinin da géz oniinde bulundurulmasi gerektigi sonucuna varilmistir.

ONERILER

Bu calismanin sonuglar1 fen bilgisi Ogretmen adaylarmi ve fen bilgisi
Ogretmenlerini SiE alaninda egitmek i¢in sistemsel diisiinme becerilerinin
gelistirilmesi gerektigini ortaya koyarak bu alanda calisan arastirmacilara ve
egitimcilere yeni bir pencere agmaktadir. 12 sistemsel diisiinme becerileri hem fen
egitimi hem de SiE alaninda daha detayli olarak calisilabilir. Tezde gelistirilen nitel
Olgme araglar1 farkli alanlara adapte edilerek tekrar kullanilabilir. Boylelikle
Olceklerin giivenirlik ve gecerliligi pekistirilmis olur. Bu 6l¢gme araglarindan
deneme yazimi, durum analizi ve kavram haritalar1 6zellikle genis 6rneklemlerde
daha hizli sonu¢ almak i¢in kullanilabilir. Ancak tezden elde edilen sonuglara gore
goriigmeler 12 sistemsel becerisini 6lgmede daha etkilidir. Yukarida bahsedilen
Olcme araglar1 goriismelerle desteklenirse sistemsel diisiinme becerileri ile ilgili
daha detayli sonuglar elde edilebilir. A¢ik alanda SiE dersi siirdiiriilebilirlikle ilgili
yeni konular eklenerek gelistirilebilir. Ayni zamanda gelecek c¢alismalarda
aragtirmacilar sistemsel diisiinme becerilerinin gelisiminde 6nemli rol oynayan

kisisel ozellikler de gz Oniline alarak durum analizi ¢alismasi yapabilirler. Bu
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sekilde her bir katilimciyr bir durum olarak ele alip onlarin sistemsel diigiinme
gelisimini izleyebilirler. Sonu¢ olarak fen egitimi ve SiE alaninda sistemsel
diistinme becerileri yeni bir arastirma alanidir. Bu nedenle bu c¢alismanin farkli
konular iizerinde, farkli egitim seviyelerinde (okul 6ncesi, ilkdgretim gibi), farkl
Ogretmen egitimi alanlarinda ve farkl kiiltlirlerde tekrar edilmesi onerilmektedir.
Glinlimiizde sistemsel, c¢ok boyutlu sorunlarin {istesinden gelebilmek ve
stirdiirtilebilir ¢oztimler tiretebilmek i¢in her bireyin sistemsel diisiinme becerilerine

sahip olmas1 6nemli bir gerekliliktir.
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APPENDIX K: TEZ FOTOKOPISIi iZiN FORMU
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Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii -

Uygulamali Matematik Enstitiisii

Enformatik Enstitiisii I:I

Deniz Bilimleri Enstitiist

YAZARIN

Soyadi : KARAARSLAN
Adi : Giiliz

Boliimii : Tlkogretim

TEZIN ADI (ingilizce) : Science Teachers as ESD Educators: An
Outdoor ESD Model for Developing Systems Thinking Skills

TEZIN TURU : Yiiksek Lisans Doktora

. Tezimin tamamindan kaynak gdsterilmek sartiyla fotokopi alinabilir.

. Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimden bir (1) yil siireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIM TARIHIi:
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