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ABSTRACT

ANALYSIS OF PRE-SERVICE SCIENCE TEACHERS’
SYSTEMS THINKING SKILLS IN THE CONTEXT OF
CARBON CYCLE

Turan, Deniz

M.S, Department of Elementary Science and Mathematics
Education Supervisor : Prof. Dr. Ceren Oztekin
September 2019, 198 pages

The main purpose of this study is to analyze pre-service science teachers’
systems thinking skills in the context of carbon cycle. The eight systems
thinking skills that is previously defined by Ben-Zvi Assaraf and Orion
(2005) were used to investigate the participants’ systems thinking skills
concerning the carbon cycle. Data was collected from four senior-year
pre-service science teachers from elementary science education
department of a state university. The data obtained through word
association test, concept map, drawings alongside with the interview
questions. It was expected from participants to view carbon cycle in a
systematic way with its integrated parts identified as terrestrial system,
hydrosphere and the atmosphere in this research. This study was designed
as multiple case study that the data gathered from each participant with
different backgrounds analyzed separately. Interviews were analyzed via
a rubric specifically developed for examining systems thinking skills in
the context of the carbon cycle.



This study aims to provide an insight view of systems thinking skills of
pre-service science teachers’ in the context of carbon cycle and inspire
science teacher educators and science teachers an idea concerning the
systems thinking education. Results demonstrated that participants
systems thinking skills were appeared as non-hierarchical and generally
low especially in identifying dynamic and cyclic relationships as well as
identifying hidden dimensions in the carbon cycle system. In addition,
participants mainly focused on the terrestrial part and ignored the
hydrosphere and the atmosphere parts of the carbon cycle. In general,
systems thinking should be emphasized more in the teacher education

programs.

Keywords: Systems Thinking, Carbon Cycle, Pre- Service Science Teachers



0z

FEN BiLIMLERI OGRETMEN ADAYLARININ KARBON
DONGUSU KONUSUNDAKI SISTEMSEL DUSUNME
BECERILERININ ANALIiZI

Turan, Deniz
Yiiksek Lisans, ilkdgretim Fen ve Matematik Alanlar:
Egitimi Tez Yéneticisi  : Prof. Dr. Ceren Oztekin
Eyliil 2019, 198 sayfa

Bu calismanin amac1 fen bilimleri 6gretmen adaylarinin karbon dongiisii
konusundaki sistemsel diisiinme becerilerini incelemektir. Bu ¢alismada
Ben-Zvi Assaraf ve Orion (2005) tarafindan tanimlanan sekiz sistemsel
diistince becerisi karbon dongiisii konusu igerisinde kullanilmistir. Veriler
bir devlet liniversitesinin dort son sinif fen bilimleri 6gretmen aday: ile
toplanmistir. Bu c¢alismadaki veriler kelime cagrisim testi, kavram
haritas1 ve ¢izimlerin goriisme sorular1 ile birlikte kullanilarak
toplanmistir. Katilimcilarin - karbon dongiisiinii  olusturan karasal
sistemler, hidrosfer ve atmosfer boyutlarmin biitiinleisk yapisini
sistematik bir sekilde gérmesi beklenmektedir. Bu ¢alisma ¢oklu durum
caligmasi olarak hazirlanilmis olup katilimeilarin verileri ayr1 ayri analiz
edilmistir. Gorligmeler ile toplanan veriler, karbon dongiisii konusundaki
sistemsel diisiince becerilerini analiz igin gelistirilen bir rubrik

kullanilarak analiz edilmistir.

Bu ¢aligma 6gretmen adaylarinin karbon dongiisii konusundaki sistemsel
diistincelerine bir bakis saglamasi ayrica, egitimcilere ve dgretmenlere

sistemsel diisiince egitimi agisindan bir fikir vermesi amaclanmistir.
vi



Sonuglar, katilimcilarin karbon dongiisii konusunda hiyerarsik olmayan
ve genel olarak Ozellikle dinamik, dongiisel ve gizli boyutlar
becerilerinde diisiik sistemsel diisiince becerilerine sahip oldugunu
gostermektedir. Ek olarak, katilimcilarin, genellikle, karbon dongiistinde
karasal sistemler lizerine yogunlasirken atmosfer ve hidrosfer sistemlerini
g6z ardi ettikleri goriilmiistlir. Sonug olarak, bu ¢alisma karbon dongiisti
konusunda son simif 6gretmen adaylarinin genel olarak diistik sistemsel
becerilerine sahip oldugunu ve 6gretmen egitim programlarinin sistemsel

diistinceye daha fazla agirlik vermesi gerektigini gostermistir.

Anahtar Kelimeler: Sistemsel Diigiinme, Karbon Déngiisii, Fen

Bilimleri Ogretmen Adaylar
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CHAPTER 1

INTRODUCTION

1.1. Background Information

The world that we share with the other living creatures is made up of complex systems
from ecosystems which consists interactions of various components at different levels
to more-larger scale-systems such as Earth cycles that move the matter on the Earth
while energy flows (i.e. water cycle, or carbon cycle) (Lee, 2015). Therefore, it was
vital for understanding the complex systems to develop an understanding concerning
our globe (Raia, 2005; Lee, 2015). On the other hand, it is not easy to handle the
complex systems since they include multiple levels of interactions among their sub-
levels. Such interactions mostly include causal relationships among the components
of the systems which occurs at various scales such as time, that further increase the
complexity in a system (Ben-Zvi Assaraf, 2003). Moreover, this complexity may
encompass serious issues such as hunger, poverty, water scarcity, global warming or
climate change that requires people to consider the interactions among the different
problems from multiple perspectives to view the issues as a whole (Mohan, Chen, &
Anderson, 2009).

Moxnes (2004) emphasized that current young generation is facing and will continue
to face with the today’s global issues (i.e. global warming, climate change) in a way
that will have more impact on their daily life in the future. Therefore, it was needed
an educational approach to raise their awareness and give them a chance to deal with
the global problems considering the interactions among various variables on the Earth
at different levels. It was suggested that developing a framework in students’ minds
which considers the interactions among the variables on the Earth, students will be
able to overcome the global environmental problems that the world confronted today
(Meadows, 2008). Therefore, systems thinking was introduced by Barry Richmond
(1993) as a key skill to deal with the complex global issues of current world and make

1



students more intellectual concerning the world around them. Accordingly, the
studies emerged in the various fields of education to investigate the systems thinking
levels of students from medicine (i.e. Faughman & Elson, 1998) to social sciences
(i.e. Senge, 1990) including science education (i.e. Jacobson & Wilensky, 2006; Kali
et al., 2003; Sabelli, 2006; Ben-Zvi Assaraf & Orion, 2005; Hmelo- Silver &
Azevedo, 2006; Ben-Zvi Assaraf & Orion, 2005; Zangori et al., 2017).

After enormous efforts on the systems thinking in the field of education, Hmelo-
Silver (2000) described the main properties that each complex system should hold.
First, she stated that complex systems made up of hierarchical integrated sub-levels
which revealed as outcomes or functions in the systems. Secondly, there should be
causal relationships among the components in a complex system. These causal
relations then, are used to describe the mechanism in a system. Lastly, she stated that
the causal interactions are not independent from the time dimensions which includes
thinking in past, present and future state of the system. Relying on those
characteristics, for example, Ben-Zvi Assaraf and Orion (2005) designed a model,
systems thinking hierarchical (STH) model which developed specifically for complex
Earth systems such as water cycle (see Table 1.1.). This model includes three level
defined as analysis, synthesis and implementation level in a hierarchical order. The
focus of the model is to examination of a persons’ understanding of dynamism and
cyclic perception in an Earth cycle which does not only examine the relationships
among the components of system, but investigates the causes of such relationships
including feedback processes and indirect causes (Batzri et al., 2015).

Systems thinking were analyzed through mainly two frameworks in the context of
education. The other framework was called as Structure-Function-Behavior (SBF)
Model which has been created after examination of differences in systems thinking

abilities among students and adults and has been suggested as a “pedagogical model”

(Batzri, Ben-Zvi Assaraf, Cohen, & Orion, 2015).
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This (SBF) model was widely used especially considering the system thinking studies
in the science education (i.e. Hmelo-Silver, 2007; Libarkin, Anderson, Dahl, Boone,
& Beilfuss, 2005; Sweeney, & Sterman, 2000). The model includes three
characteristics including Structure, the physical elements of the system such as
components, Behavior, the entities or phenomena that makes structures to perform
their functions, and the Functions, the result of the system, output (Hmelo-Silver,
2000). The model mainly concentrated on the interrelationships among a systems’

three characteristics in the SBF model.

Sweeney and Stermann (2007) suggested that middle school students and the teachers
had lack of systems thinking abilities in the context of natural and social systems.
They revealed that experts in specific disciplines showed weak understandings in the
context of systems thinking (Sweeney & Stermann, 2000). Moreover, they proposed
that current education systems directed students to consider complex systems which
are consisting of unrelated parts. Consequently, students struggled to view
interrelationships among the structures, functions and behaviors in a given complex
system. Therefore, they called for a new approach in education with considering the

systems thinking education.

On the other hand, Ben-Zvi Assaraf and Orion (2005) proposed a new model,
Systems Thinking Hierarchical (STH) Model, which investigates the systems
thinking understanding in the context of Earth science education. The model is similar
to SBF model, considers the structures, behaviors and functions in a complex system,
but specifies some properties and proposed a model for suitable for examining
complex Earth systems such as Earth cycles (Batzri et al., 2015). The model mainly
includes three levels including eight hierarchical characteristics. The first level was
analysis level which encompasses the first skill in the STH model described as
identify components and processes within a system. The second level was described
as synthesis level, which includes the ability to identify relationships among the
components of the system, dynamic relationships in the system, organizing
framework of interactions among the components and processes within the system

and understanding cyclic nature of the system. The third and last level defined as



implementation level which covers making generalizations, identify hidden

dimensions and think retrospectively and prediction in the system (Table 1.1).

The systems thinking approach in the Earth systems meaning that seeing the Earth’s
components and processes from multiple perspectives as a whole, singular unit which
contains the interactions of four main spheres encompasses the geosphere, the
hydrosphere, the atmosphere and the biosphere (Post, 1990). The Earth systems in
education was designed to make students to understand the Earth as a singular,
complex system (Raia, 2005). Then, it was suggested that students will be able to
deal with the complex global issues that they are and will be facing (Orion, 2002).
Therefore, in order to develop understanding on the Earth systems and deal with the
global issues concerning the today’s world such as climate change, system thinking
was proposed as a tool which provides detailed comprehension about the complex

Earth systems such as water or carbon cycle

Carbon is one of the most abundant elements on the universe. Almost every living
and non-living organism is made up of carbon from larger scale to small scales such
as from rocks that forms the planets and from to cells that enable life on the Earth.
Moreover, Carbon is one of the best joining element which it binds nearly every
element in the periodic table including nitrogen, oxygen, hydrogen (Kump, Kasting,
& Crane, 2004). Therefore, carbon is present almost every space on the various Earth

spheres from atmosphere to biosphere and from hydrosphere to geosphere.

The spaces that where large amount of carbon is present on the Earth called as carbon
pools (or reservoirs) such as atmosphere, Earth’ crust and ocean. (Post, 1990). Carbon
move and change among these pools continuously which called as fluxes that relate
those pools. For example, plants use carbon in the carbon dioxide to produce organic
material (i.e. glucose) through the process of photosynthesis, which in a macroscopic
scale, defines a cycle. Such fluxes of carbon among the pools come together and
forms lots of sub-cycles or (mini- cycles) which carbon move and change between
reservoirs. At a global scale, carbon cycle is made up of these sub-cycles among the
carbon pools. Those pools of carbon cycle were defined as the Earth’s crust

(sedimentary rocks), oceans, atmosphere, terrestrial systems (plants, animals, soil,
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fossils, fossil fuels and bacteria). The fluxes or processes in the carbon cycle were
identified as photosynthesis, respiration, soil respiration (including decomposition),
litterfall, diffusion of carbon among the atmosphere and ocean, combustion (of fossil
fuels), geological processes including various processes at in larger scale including
sinking of dead-marine organisms, precipitation of calcium-carbonate, formation of

limestone, plate tectonics) (Post, 1990; Kump et. al, 2004).

Thorough the processes that occur in different time scales such as fast (i.e.
photosynthesis) and slow (i.e. formation of limestone), carbon is in a movement
among the pools which is considered as a balanced state with input and output to the
pool is relevantly equal. Thus, carbon cycle is in balance meaning that the amount of
carbon in the pools do not significantly change (Mohan, & Chen, 2009). On the other
hand, the excessive amounts of input or output to the pool distort the balance in the
carbon cycle. Therefore, the challenges we faced today such as greenhouse effect or
global warming occur (Zangori et al, 2017). Hence, carbon cycle is one of the utmost
important bio-geo-chemical cycles on the Earth since especially considering the
global issues that we faced today such as green-house effect, global warming and
climate change which are caused by the imbalances among the processes in the
carbon cycle. Mohan et al (2009) stated that it is impossible to solve the issues we
confronted in nowadays without comprehending the carbon cycle in a systematic

way, seeing as a whole.

One of the global problems that was advocated by the researchers is climate change
which should be investigated in terms of interactions among the natural systems
including people (IPCC, 2014). It was suggested that in order to reason concerning
the climate change, it was required to consider the complex Earth systems such as
carbon cycle in a systematic way (Mohan et al., 2009). This means investigating
interactions among the components of the carbon cycle as well as relationship
between carbon cycle and various other Earth cycles alongside with the global issues
such as climate change. Accordingly, carbon cycle represented as a key Earth system
to develop an understanding on the mechanisms behind the climate change (Mohan

et al., 2009; Zangori et al., 2017). As it was stated in the Next Generation Science



Standards (NGSS) (2013), science education in the 21 aims for students to inquire
concerning the complex global problems about the Earth.

Carbon cycle was described by the Zangori et al. (2017) as;

Carbon cycle consists of carbon being generated, transformed and oxidized
through several natural processes such as photosynthesis, cellular respiration,
and digestion. Anthropogenic processes such as combustion also outputting
carbon into the carbon cycle. When carbon outputs exceed carbon inputs, the
system loses its balance. The excess carbon leads to climate change which in
turn leads to effects such as global warming (Zangori et al., 2017, p. 1256).

To reach such an understanding, a person should consider the relationships among
the various components and processes in the carbon cycle as well as the
interrelationships between carbon cycle and climate change (McNeill & Vaughn,
2012). That means, it was vital to trace the carbon flux (transformation and
transportations) of carbon through the carbon cycle (Shepardson, Niyogi,
Roychoudhury, & Hirsch, 2012). In addition, carbon cycle processes that make
carbon flow among the carbon pools, and the location of the process is important. It
was noted that understanding their natural mechanism and locations of processes
results to reason concerning the dynamism and cyclic relations in the carbon cycle
give persons a chance to consider the causes of imbalances in the system (Mohan et
al., 2009). Moreover, in a global scale, considering the imbalances as a cause for the
climate change (IPCC, 2014; Melillo, Richmond, & Yohe, 2014).

To improve such systems understanding in the context of carbon cycle, it is needed
to teach students with instructional strategies that are purposively developed to
improve systems understandings (Hmelo-Silver & Azevedo, 2006). It was suggested
that students can improve their systems thinking with the support of appropriate
instructional methodologies or tools (Ben-Zvi Assaraf & Orion, 2005; Evagorou,
Korfiatis, Nicolaou, & Constantinou, 2009; Mohan et al., 2009; Lee, 2015; Zangori
et al., 2017). For this reason, teachers are a very vital factor to promote systems
thinking. On the other hand, in the literature, there are few studies investigated pre-
service science teachers’ understandings of complex systems. (Kali, 2003; Lee,

2015).



Systems thinking was not studied using only the STH model in the context of science
education. Structure-Function-Behavior (SBF) was proposed as an alternative
framework to the researchers in the context of systems thinking area. In this
alternative model, structures defined as components of the system, function means
mechanisms that permit structures to perform, and behavior means the product of the
function or output (Hmelo-Silver, 2000). SBF model appears various studies in the
context of Earth systems education (i.e. Mohan et al., 2009; Zangori et al., 2017,
Hmelo-Silver 2017; Cox, Elen, & Steegen, 2017).

On the other hand, Scherer, Holder and Herbert (2017) conducted a study which
includes various frameworks that investigates people’ understandings of complex
systems including SBF and STH model. They compare the weaknesses and strengths
of the frameworks and proposed several sets of skills that is called as “Earth systems
skills” which was addressed by Ben-Zvi Assaraf and Orion (2005). Scherer et al.
(2017) suggested that STH model is more fruitful to investigate the systems thinking
understanding in the context of Earth systems such as carbon cycle in the context of

this study.
1.2. Purpose of the Study

This study was to examine the systems thinking levels of pre-service science teachers
in the context of carbon cycle. The research question was developed as followed:

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

in the context of carbon cycle as a complex system?”

It was noted that to deal with the today’s challenging global issues, it is important for
students to be more equipped to about the complex Earth systems through systems
thinking (Orion, 2002). Therefore, teachers who are considerable understandings
related with the systems thinking are required in the schools (Lee, 2015). Thus, it was
vital to find out our pre-service teachers’ system thinking levels in the context of

carbon cycle as a complex system.



1.3 Significance of the Study

The world we live and share today, becoming more complex and interdependent as
the societies developed. Accordingly, there is a need to educate students to be more
engaged with the world (Booth Sweeney & Sterman, 2007). It is the teachers who
make students more equipped with the complex world and its issues around them. At
this point system thinking proposed as a key 21% century skill by NGSS (2013) to
develop students as system thinkers who can solve the current issues we faced today
and future problems we will be faced with. Therefore, it was vital to understand the

future teachers’ systems understandings of the Earth systems.

Various studies have shown that there is a strong connection between the
undergraduate courses that students have taken during their academic years and the
systems thinking abilities of the students (i.e. Raia, 2005). Therefore, this thesis was
presented the current state of pre-service science teachers’ understandings of
disciplinary knowledges and their ability to think in systematic way considering the
Earth system. This may give ideas about the adequacy of pre-service science teachers
regular undergraduate curriculum in developing systems thinking for the pre-service

science teachers in Turkey.

Another significance of this thesis is to present an adopted assessment technique in
the context of Earth systems. This framework for the analysis of pre-service science
teachers’ systems understandings were adopted using the different studies in the

literature encompassing systems thinking as well as carbon cycle.



CHAPTER 2

LITARATURE REVIEW

2.1. System Thinking in Education

We are living a world that is governed by complex systems. It is vital to understand
the complex systems if we want to understand the world. Therefore, to understand
the complex systems, we need an approach to evaluate events, phenomena, issues or

systems from various perspectives. This approach is called as “systems thinking”

(Lee, 2015).

Researchers from different disciplines believed that the one of the ways to solve the
global issues that humanity faced today are complex problems (i.e. global warming,
water scarcity, climate change, population growth). Therefore, the researchers agreed
that to have solutions of the issues, systems thinking is prior to understand them.
Therefore, systems thinking were studied in the context of various fields such as
engineering (i.e. Monat & Gannon, 2018), Mathematics (i.e. Chowdhury, Norton, &
Salado, 2018), social sciences (i.e. Senge, 1990) and medicine (Kappagoda, 2014).

Hmelo-Silver, Marathe and Liu (2007) stated that comprehending systems thinking
is prior to realizing science. Various countries all around the world try to adapt the
idea of systems thinking in the science courses such as in America (Jin, Shin,
Hokayem, Qureshi, and Jenkins in 2019) in Israel (Assaraf and Orion 2005) which

investigated the system thinking abilities of the students.

Systems thinking investigated on different systems concerning natural systems (i.e.
Ben-Zvi Assaraf, &Orion, 2005; Sibley et al., 2007), social systems (i.e. Senge, 1990)
and considering both natural and social systems (i.e. Mohan et al., 2009; Karakaya,
2016). Considering these systems, importance of studying on natural systems had
been underlied by the Mohan et al. (2009). They argued that in order to understand

the social systems and interactions of natural and social systems, first one should
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understand the natural systems in a systematic way. From that point, systems thinking
research in the science education gain acceleration. There were studies emerged in

the field of biology, chemistry and Earth systems in general.

In the context of biology education systems thinking were studied including the
human body. A study concerning the human body as a complex system included
analysis elementary students’ understandings of human respiratory systems by using
analogy as an instructional method (Han, & Kim, 2018). This study was conducted
with thirty fifth and sixth grade elementary students in the South Korea. The
researchers gave students forty hours of lesson to make students more eligible for
modelling and arguing in advance. During the research, they divided students into
two groups and give students tasks such as constructing a human respiratory system.
The researchers mainly used the Structure-Mechanism and Function (SMF) model,
developed from Structure-Behavior-Function model, which is generally advisable for
the human body system. They wanted students to explain the integrated nature of
human respiratory system as; organs that is responsible in the respiratory system (S),
the role of diaphragm while air goes in and out (M), and the air movement in and out
through the respiratory system (F). During this explanation, they wanted students to
use analogies. After that, the researchers using analogy that was described as human-
balloon analogy model which shows how lungs function in the human respiratory
system. While analyzing students’ understandings of hidden mechanism in the human
respiratory system, they used video tapes taken during the classroom activities, their
observation reports, and students’ drawings. In their study, they found that using
analogy while investigating the human respiratory system helps students to visualize
the hidden mechanism of the human respiratory system. They found that students
were able to create links structures (i.e. organs in the respiratory system) and the
functions (i.e. air coming through the lungs) with using balloon-lung analogy which
identified as hidden in the context of human respiration system. Moreover, they
suggested that using modelling would help students to make visualize hidden
components to the eye considering the complex biological systems. In addition, they
stated that using analogy with modelling aids students’ scientific explanations which

promotes a room for higher-order thinking in the context of biological systems.
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A study conducted by Snapir, Eberbach, Ben-Zvi Assaraf, Hmelo-Silver, and Tripto
(2017) with using Components Mechanisms and Phenomena (CMP) for investigating
the high school biology students’ understandings of human body as a complex
system. They stated that the systems understanding in the context of a complex
system should encounter three main characteristics which are comprehending
components of the system, realizing interrelationships among the components at
micro-and macro levels (Mechanisms), and events that entails processes at macro
scale and patterns in the system (Phenomena). They suggested that at first glance,
students were struggled to identify the mechanisms and the phenomena in the human
body as a complex system. In addition, students were unable to comprehend the
complexity of the interactions among the systems at multiple scales. The students
mainly concentrated the macro level interactions with omitting the micro level
relationships (such as tracing oxygen through blood vessels). Therefore, students
were found to be inadequate in terms of considering human body as a complex

system.

Another study in the context of biology were conducted on the Teachers’ and
Educators’ views on systems’ thinking. This study was presented by Gillisen,
Knippels, Verhoeff and Joolingen (2019) on the participants’ perspectives on the
systems’ thinking and using systems thinking in the context of biology education.
The researchers studied with the seven experts in the field of biology, eight biology
teachers and nine biology teacher educators in Germany. The researchers mainly
focused in the three systems views which are identified as General Systems Theory
(GST) that concentrated on the hierarchy in the complex open-systems, Cybernetics
which is concentrating on the self-regulating complex webs in the complex systems
and Dynamical Systems Theories that is focused on the Complex, non-linear dynamic
systems. The researchers collected their data through interviews and questionnaires.
The results showed that biology experts indicated the equal importance of all-three
systems models in the context of biology education. On the other hand, the authors
underlied that teachers in the study, did not know all-three systems views in the
context of biology. Therefore, teachers were found to be first educated concerning

the systems thinking in general. The researchers found that teachers were unaware
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the importance of the systems thinking in general. Moreover, the teacher educators
in the biology education mainly focused the importance of General Systems Theory
and ignored the other two perspectives. The teacher educators mainly argued the
necessity of systems thinking in the biology education and found it difficult for
students to understand. Therefore, some of them stated that because of its difficult
nature to understand, they would not choose to embedded systems thinking in their
lesson. On the other hand, after the interviews, the others stated the importance of
systems thinking in biology education, especially in complex biological systems such
as human body and cell. However, the general view on systems thinking in the
biology teacher educators was on the complexity of systems thinking in practice and
their lack of time in teaching it during their classrooms. Therefore, researchers stated
that even though teacher educators give importance to systems thinking in the field
of biology education, they choose not to implement it in the classrooms because of
the complexity of systems thinking. They stated that because of not choosing systems
thinking as a teaching approach in the classroom, there is a big gap among the

research in systems thinking and its practice of the field of science education.

Another study in the context of human body as a complex system were conducted by
Hmelo-Silver et al. (2007) in the context of human respiratory system. They wanted
to investigate the differences among experts’ and novices’ understandings of human
respiratory system using Structure- Behavior- Function (SBF) model. They found
that there were minor differences among the understandings of the human respiratory
system as a complex system both novices and adults with using interviews and
questionnaires. They suggested that the difference was emerged from identifying the
casual relationships among the structures (i.e. components) of the system (behavior)
among the experts and the novices understandings of human respiratory system.
Therefore, the participants were unable to identify the functions of the human

respiratory system in terms of complex system.

In the context of Earth systems thinking were examined various researches. A study
conducted by Ben-Zvi Assaraf and Orion (2005) in the context of water cycle as a

complex system. They investigated the systems perception of middle school students
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in Israel concerning the water cycle using the STH model alongside with the
qualitative and quantitative research tools. They concluded that there are a hierarchy
among the levels in the systems thinking skills (see Table 1.1.). They stated that the
skills that students developed in each level formed a platform for the improvement of
the next skill. They concluded that most of the students could not reached the highest
level in the STH model which caused by students’ knowledge concerning the water
cycle which includes the location of components and processes as well as the

explanations of the processes.

Moreover, in a more recent study, Ben-Zvi Assaraf and Orion (2009) examined the
middle school students’ understandings of complex systems in the context of water
cycle in lIsrael. They used STH model alongside with the lab simulations and
experiments which enables students to observe directly the interactions and
relationships among the components of the water cycle. Although they suggested that
computer simulations were limited to the given scenario, they stated that students
were unable to identify the interactions among the different Earth systems which

mainly resulted from the lack of organizations among the systems’ components.

Another study conducted by the Lee (2015) considering pre-service and in-service
science teachers systems thinking understandings in the context of water cycle in
USA. She used visual representations as an assessment tool to investigate the systems
understandings of both pre-service and in-service science teachers in water cycle
alongside with the interview questions using STH model. She pointed out that without
exception pre-service science teachers and in-service science teachers selected the
similar representations and demonstrated similar reasons on why they have chosen
the representation for an imaginary lesson. She stated that the selection criteria of
both teacher groups were considered on the aesthetic issues rather than representing
systems understandings such as dynamism, cyclicality or hidden dimensions. She
also stated that the reason behind their choice was their lack of identifying
components and processes in the water cycle, identifying multiple interactions among
the components of the system as well as difficulty in identifying hidden dimensions

within the water cycle.
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In addition, another study conducted by Raia (2005) investigated the relationship
between students’ understandings of systems thinking in complex dynamic Earth
systems and their knowledge considering the undergraduate courses that they have
taken. She designed her study by using the interview questions which measures the
geography students’ ability to identify complexity, dynamism and the hidden
dimensions considering the Earth systems. She concluded that students mainly tended
to perceive Earth systems as static rather than dynamic. They also tended to focus on
mono-causal-thinking rather than multiple causes while investigating an event (i.e.
rock cycle) related with the Earth systems. Students also have shown difficulties in
analyzing systems at multiple scales which is required to see the connections among
the various Earth systems. After all, she pointed out that, the regular undergraduate
curriculum is inadequate for students to learn the Earth systems’ characteristics such

as dynamism, complexity and hidden dimensions.

Moreover, a study conducted by Batzri, Ben-Zvi Assaraf, Cohen and Orion (2015)
which includes undergraduate geology students’ and non-geology major students’
systems thinking understandings in the context of Earth systems (water, carbon and
rock cycles) with using a questionnaire designed in the STH model framework. They
compared the answers obtained from the two groups of students to found out the
effect of disciplinary knowledge on the systems understandings in the Earth systems
in terms of cyclic and dynamic thinking. They found that geology students
demonstrated higher levels of dynamic and cyclic thinking in the context of all Earth
systems compared to the non-major students which supported a significant link
among the disciplinary knowledge and the expression of dynamic and cyclic

understandings for the Earth systems.

Another study conducted by Cox, Elen and Steegen (2017) in the context of Earth
systems considering the complex geographical problems (i.e. earthquakes). They
studied with the high school students (16-18 years age) in Belgium with using the
paper-pencil test that investigating interconnections among the various Earth
systems. The findings demonstrated that students generally showed lack of systems

thinking abilities in the context of complex geographical issues. They have
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difficulties in identifying the interconnections among the components of the Earth
systems, as well as feedback relations in the complex global issues. Additionally, they
shown significant gender differences in terms of students’ understandings of complex
global issues in a systematic way. Moreover, they suggested that systems thinking in
the context of Earth systems greatly influenced by the personal experiences on a given

phenomenon.

Another study that cover Earth systems topic was conducted by Sibley et al (2007).
They investigated carbon, water and rock cycles by using the Systems Thinking
Hierarchical Model. They examined the systems thinking abilities of geology
education course for non-major students by using box-diagrams. They found that
regardless of the cycle that is under investigation, participants demonstrated lack of
transportation and transformation of matter (i.e. carbon) throughout the carbon and
rock cycle. They noted that movement and change of carbon included chemical
reactions (i.e. formation of carbonate shells) which could not be defined by the
participants. In the case of the water cycle, since no-biochemical reaction processes
(i.e. decomposition) were included in the cycle, students were able to identify the
transportation and transformation of water. Moreover, it was also noted that most of
the students were unable to recognize the hidden dimensions among the various
cycles (rock-water-carbon cycles). They underlied the conclusion that lack of
understanding the chemical processes in the carbon and rock cycle, results in lack of

systems understandings in the context of those cycles.

Another study is conduct by Mohan et al (2009) which investigated the pupils’ and
teachers’ systems understandings in the context of carbon cycle in a multi-year
implementation. They described biogeochemical processes in the carbon cycle
including photosynthesis, respiration, digestion, combustion, decomposition, food
webs, carbon sequestration. In the study, they investigated the identification of those
processes in the context of carbon cycle over interview questions. One of the results
that they found was most of the students including teachers were unable to trace the
matter through various components in the carbon cycle referring the transformation

of carbon during the processes. Another result was a few participants (only included
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teachers) were able to connect the imbalances in processes of carbon cycle as a cause
for the climate change. On the other hand, they also noted that with implementation
students were able to identify the transformations of carbon in a degree.

In a more recent study, Zangori, Peel, Kinslow, Friedrichsen, and Sadler (2017)
examined the relationship between carbon cycle and climate change through SBF
model in the context of systems thinking. They found that students were unable to
relate the how the changes in processes of the carbon cycle effects the climate change
and vice versa. Throughout the interviews, they noted that students were tended to
focus on linear mono-casual thinking rather than causal relationships among the
carbon cycle components that transform and transfer the carbon to create the

connection between carbon cycle and the climate change.

Moreover, the studies in the complex systems covers the field of education for
sustainable development. One of the studies in that perspective conducted by Oztas
(2018) that is analyzing pre-service science teachers’ systems thinking skills with
using real-life scenarios. The participants of the study included six senior year
students from a state university in Turkey. She used real-life scenarios with interview
questions related with the case. The context of the scenario includes one of the
environmental issues including water in the Turkey which encompasses three tenets
of the sustainability that are economy, environment and social. She analyzed her data
with rubric that is developed by Karaarslan (2016) which emerged from the System
Thinking Hierarchical Model developed by Ben-Zvi Assaraf and Orion (2005). Their
model adopted for analyzing sustainability understandings in the context of systems
thinking with reorganizing nine systems thinking skills for the research in
sustainability in the field of education for sustainable development. She found that
the participants in the study mainly focused on the environmental aspects in the given
scenario with mostly ignoring the social aspects. In addition, she found that
identifying relationships among those three tenets is a challenging event, therefore,
most of the participants demonstrated poor skills in that systems thinking skill. As in
the first skill in the model, since participants mainly focused on the environmental

aspects in the scenario, they could not identify the relationships among the different
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aspects of the sustainability during their interviews. In this study, participants
generally struggling the making generalizations. She stated that because of the
participants lack of identifying different aspects of the sustainability, they could not
extent the tenets to the new sustainable aspects in the given scenario. Additionally,
most of the participants was observed as failed to develop “a sensing place” skill
during the study by the author. She stated that most of the participants could only be

able to describe the environmental view while describing the given real-life scenario.

In general, there are various studies conducted in the context of systems thinking.
Accordingly, there are several issues were noted concerning the systems thinking
characteristics. Firstly, it was noted that students showed difficulties in identifying
the relationships in the system. It was suggested while investigating the complex
systems, although students identify the components in the system, they are not able
to identify relationships within the system. Ben-Zvi Assaraf and Orion (2005) stated
that students could not be able to identify the interrelationships among the processes
in the water cycle. Instead, they defined processes as unrelated parts without any
interaction. Moreover, they stated that no interactions among the different Earth
cycles were observed as well. In their study, they observed that students tended to
perceive water cycle as separated parts which mainly concentrated on the atmosphere,
ignoring the other parts such as geosphere. They claimed that because of the inability
to identify the relationships among the water cycle’ components and processes,

students showed poor systems understandings.

In addition, most of the students could not be able to identify interactions among the
human and the environment. Similar results were also revealed in the various studies.
For example, a study conducted by Cox, Elen, and Steegen (2017) suggested that
students demonstrated difficulties in identify relationships among the components in
the geographical systems. Moreover, in the context of systems thinking Hmelo-Silver
(2017) analyzed middle schools students ecosystems’ understanding using SBF
model. Similar with Cox et al. (2017), she stated that even though the students could
be able to identify primary structures (i.e. components) in the Earth systems, they
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could not be able to identify the interrelationships among with the behaviors or

functions of the Earth systems.

Studies showed that students concentrated on the linear, or single cause and effect
relationships instead of describing multiple interactions caused by non-linear
different causes (Hogan & Thomas, 2001; Lee, 2015). It was noted that students and
adults (including pre-service and in-service teachers) focused on the simple, mono-
casual relationships while examining various complex systems such as matter cycles
which demonstrates lack of systems understandings in the context of systems
thinking (Hogan & Fisherkeller, 2001; Booth Sweeney & Sterman, 2007; Grotzer &
Bell-Basca, 2003).

Secondly, it was observed that students struggled to identify the components and
processes and their interactions within an organized framework (Ben-Zvi Assaraf et.
al., 2005). Batzri et al (2015) defined cyclic thinking as to reason about the indirect
causes for a phenomenon which includes explaining the components and processes
showing their relationship in a framework. On the other hand, Ben-Zvi Assaraf et al
(2005, 2010) stated that students tended focus on non-cyclic relationships in the
complex systems. Similarly, it was noted that students understood Earth cycles as
unrelated parts with no relationship among sub-systems which indicates poor
dynamic understanding (Kali et al, 2003; Lee, 2015). Additionally, researchers stated
that pre-service teachers are not significantly different from elementary students in
terms of explaining the components and processes in a framework of relationships

alongside with the multiple causes (Lee, 2015).

Lastly, it was noted that students and teachers were not able to examine complex
systems at multiple scales. It was observed that students tended to focus on the
descriptive surface components or processes rather than hidden mechanisms which
takes place under the surface (Tretter, Jones, Andre, Negishi, & Minogue, 2006).
Identifying such hidden mechanism is vital for seeing Earth as a whole systems with
interrelationships among the different Earth systems (Batzri et al. 2015). Therefore,
lack of examining a complex system at multiple scales leads to poor understandings

of systems thinking in the context of Earth systems (Lee, 2015).
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STH model used in various Earth systems education studies such as water cycle (i.e.
Ben-Zvi Assaraf, & Orion, 2005; Lee, 2015) and carbon, water and rock cycle
(Sibley, Anderson, Heidemann, Merrill, Parker, & Szymanski, 2007). Ben-Zvi
Assaraf and Orion (2005) suggested that the levels in the STH model represents of
the characteristic of the complex systems which is hierarchy. They suggested that
without being successful in the first level, one cannot go beyond into the following
level. On the other hand, Sibley et al. (2007) suggested that in the context of carbon,
water and rock cycle, the model lost hierarchy among its levels especially in the first
two level in the STH model. Therefore, they suggested that second system thinking
level which is described as identifying relationships in the system was redundant of
the first level which is ability to identify components and processes in the system.
They noted the reason behind it as relationships between the components of the cycles
were identified through processes that explains the transportation and transformation
of the matter. In addition, they suggested that third system thinking skills, which
identifying dynamic relationships in the systems, covers the STS-1 and STS-2 since
dynamism was identified via the flux of matter among the components of the cycle
through the processes. Therefore, hierarchy lose its meaning in the STH model in the
context of carbon, water and rock cycle. On the other hand, although the usability of
hierarchy is questionable in the STH model, Ben-Zvi Assaraf and Orion’s model were
suggested as the most suitable model after covering the different levels in the context
of systems thinking in the Earth systems (Scherer, Holder, & Helbert, 2017).

Studies suggested that with using of appropriate instructional strategies a significant
improvement were observed in the development of systems thinking in the students
(Ben-Zvi Assaraf & Orion, 2005; Batzri et al., 2015; Sibley et al., 2007). On the other
hand, there are very few studies to investigate the pre-service science teachers’

understandings of complex systems (Ateskan & Lane, 2017).
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CHAPTER 3

METHODOLOGY

In this section, the information is presented related to the research design, participants
of the study, pilot study, instrumentation, data collection, data analysis, validity,
reliability and ethical and moral issues were presented. Additionally, limitations of

the study were presented under methodology section.
3.1. Research Design

In this thesis, it was intended to investigate the senior year pre-service science
teachers’ understandings of system thinking levels in the context of carbon cycle. As
it was reported by Sibley et al. (2007) as well as Batzri et al. (2015), participants
study background is an important component in the systems thinking understanding.
Although they passed though the same undergraduate curriculum, since
understandings of the courses that they had taken throughout the undergraduate years
might differ from one participant to another, they were analyzed as separate cases.
Moreover, all participants had taken courses related with the sustainability which

their significant life experiences were different from each other.

Multiple case study design was included in a part of the qualitative research in the
context of this study. Meriam (2009) stated that cases in a multiple case study design
the participants generally shares common properties, such as in this case,
participating from one of the major universities in Turkey. Participants’ systems
thinking levels were analyzed as different cases accordingly with the data acquired

from them.

In addition, Fraenkel et al. (2012) stated that multiple case studies give researchers
an opportunity to present more persuasive results. Moreover, such studies enhance
the validity and reliability of the conclusions. In addition, multiple case studies

support the generalizability of the results (Meriam, 2009).
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3.2. Participants

Four (4) female senior year preservice science teachers were purposively selected to
participate in this study. Participants were students at the one of the major universities
in Turkey. Participants in the study were purposively selected according to following
properties they hold. Firstly, all the participants participate the study from the same
academic in the same university which have passed through the similar undergraduate
curriculum so far. Second, participants were suggested to participate the study by the
advisor of this study. Volunteers (4) were selected to proceed during the data

collection.

All the participants were in between 23-25 age range with passed through the similar
undergraduate curriculum. Except for the courses that they have taken during
undergraduate, no other personal information is presented.

The participants of the study had the basic understandings concerning the carbon
cycle and related topics such as photosynthesis, respiration, and decomposition since
such topics were been studied through middle and high school as well as during

university.

In order to respect the participants’ confidentiality, pseudo -names were created to
represent the participants. In the following table (see Table 3.1), participants
properties and the necessary courses that they passed to require disciplinary

knowledge in the context of carbon cycle were presented.
3.3. Instrumentation

In the context of this study, semi-structured interviews were used alongside with the
drawing and concept map.

3.3.1. Interviews

Meriam (2009) suggested that interviews are one of the most used instruments while
collecting data in qualitative studies since it creates a chance to deeply investigate

thoughts or ideas in a case. Since this study aims to analyze the understandings of
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systems thinking abilities of the participants in the context of carbon cycle in detail,

interviews were used.

Semi-structured interviews were used in this study. Moreover, purposively prepared
interview questions were asked so as to give no space to direct the participants during
the interviews (Fraenkel et al., 2012). Moreover, in order to obtain more data
concerning systems thinking skills, different interview questions were asked related
with the same systems thinking skill. In this study, four (4) participants was
interviewed accordingly with the questions that were proposed by Ben-Zvi Assaraf
et al (2005) and Lee (2015). There are almost forty interview questions thirty (30)
interview questions were intended to be asked in order to analyze the participants’
understandings in the context of carbon cycle. On the other hand, if participant could
not able to identify a component or process in the carbon cycle on her own, then, the
interview questions related with this unidentified components or processes were not
be asked to not to manipulate the participants (Ben-Zvi Assaraf et al, 2005; Mohan
et al., 2009; Zangori et al., 2017). For example, if a participant could not be able to
identify the water as a component then, interview questions related with water would
not be asked. The interview questions and the related STS levels were presented in
(See Table in p. 32).

Interview protocol also consisted of word association test, concept map, and drawing
which are used in order to obtain more evidences to elaborate the results (Ben-Zvi
Assaraf, 2003). Lastly, questions regarding demographic or background information
were asked in order to present a general view of the participants including age and
the courses that they passed through their undergraduate semesters (See Table 3.1).
In the following part a brief portrayal was presented related with these three

instruments:
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3.3.1. Word Association Test (WAT)

Ben-Zvi Assaraf (2003) stated that word association test opens “windows” to how
one’s perceives the set of concepts (p. 13). In this study, this test were used to
investigate the connections among the concepts related with the carbon. The carbon
was chosen to ask in the WAT in order to visualize in what degree participants
familiar with the concept of carbon such as locations and processes or chemical
properties to trace it in the carbon cycle. Moreover, if participants struggled to
identify the concepts related with the carbon, the researcher would help them to ask
questions like “try to consider the chemical characteristic of carbon” or “on the Earth

where is carbon present?”.

During the beginning of the interviews it was asked participants to write down 12
concepts related with the carbon. These concepts later categorized into three-sub-
sphere of the carbon cycle including the terrestrial system, the hydrosphere and the

atmosphere in the concept map.
3.3.2. Concept Map

Concept Maps are commonly used in system to investigate the system thinking skills
of students, regardless of their ages (Bradstadter, Harms, & Grobschedl, 2012). In the
context of this study, concept map was used to analyze the connection of concepts
that is defined in the word association test. It was suggested that describing such
relations among the concepts in the concept map give researcher to a chance to
analyze participants’ understandings of components and processes of carbon cycle in
a framework of relationships (White, & Gunstone, 1992; Ben-Zvi Assaraf, 2003). In
addition, it was proposed that non-hierarchical maps are more fruitful in
demonstrating various patterns among concepts (Ben-Zvi Assaraf, 2003). Therefore,
in the current study, it was not expected from participants to create hierarchical
concept maps. Instead, participants were asked to connect the concepts to as many
concepts as possible to create a organize framework which makes possible for carbon
to trace in the carbon cycle. Participants were asked to write as many linkage words

as possible for the relations in the concept maps. However, as suggested by

25



Bradstadter et al. (2012), sometimes students could not be able to write any linkage

words. In such cases, only the links were analyzed.

After WAT, it was asked participants to draw a concept map which relates the
concepts that they identify in the word association test in relation with carbon. In this
study, the results of the interview limited with investigating the multiple interactions
among the subsystems of the carbon cycle and cross-links among the concepts (Ben-
Zvi Assaraf, 2003).

3.3.4. Drawings

After concept maps, it was asked participants to draw a carbon cycle, and then,
interview questions were conducted on the components and processes on their

drawing.

Participants drawings can give hints related with their knowledge concerning the
Earth Systems (Ben-Zvi Assaraf, 2003; Ben-Zvi Assaraf, & Orion, 2008). On the
hand, drawings sometimes cannot be identified as a valuable instrument during data
collection since its limited with one’s drawing skills (Novick, & Nussbaum, 1978).

Therefore, interview questions asked alongside with the drawing.

In the current study, it was asked participants to draw a carbon cycle. The researchers
give time to participants as much as possible to give them an opportunity to identify
more components and processes in the carbon cycle. The drawings were analyzed

according to three criteria:

a) The components and processes identified on the three sub-systems of the
carbon cycle

b) Cyclic perception in the carbon cycle, meaning connections among the carbon
pools in the drawing in terms of tracing carbon exchanges as inputs and
outputs.

c) Identifying the four sub-cycles of the carbon cycle on drawing (Ben-Zvi
Assaraf, 2003; Kump et al., 2004; Mohan et al., 2009; Zangori, et al., 2017)
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3.4. Pilot Study

Pilot study in the context of this study were conducted with two participants in order
to test the interview questions to investigate the systems thinking understandings of
participants in the context of carbon cycle. Moreover, pilot study was also used in
developing the rubric for system thinking skills in the carbon cycle.

Two volunteer female participants were used in the pilot study during 2017-2018 fall
semester. The interviews were recorded in an audio recorder with the allowance of
the participants. Each interview lasted for approximately one-and-a half hour. After
transcribing the interviews, the interview questions were re-organized in order to
examine the systems thinking levels more accurately. Advisor’s opinion had taken

into consideration during the re-organization process of interview questions.

After pilot study, some of the interview questions were removed in order not to take
any unclear and not intended answers. The answers of some interview questions were
similar. Therefore, they were removed in the main study. There were forty-three
interview questions in the pilot study, but after re-evaluating the interview questions,
thirty-three interview questions were used in the main study to obtain more clear and

accurate results.
3.5. Main Study

Main study was conducted on the participants that were descriptively described in the
Participants section (see; Table 3.1). The instrumentation process and descriptions of
the instruments that were used were presented in the Instrumentation section in 3.3.

The data were obtained relying on those instruments in the main study.
3.6. Data Collection

Creswell (2008) stated that the researcher is one of the most important factors in
collecting data in the qualitative research studies. Therefore, during this thesis,

researcher was also data collector throughout the interviews.
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The data was collected in the spring semester of 2017-2018 academic year with senior
year students at the science education department. The last semester of pre-service
science teachers was selected in order to be ensure that all the participants had passed
the mandatory undergraduate courses to be able to have adequate disciplinary
knowledge considering the carbon cycle. Interviews were lasts for two-week span,

and they were approximately one-and-half hours each.

Participants were informed concerning the context of the study and have right to feel
free to leave the interview process whenever they want in advance. Moreover, before
each interview participants consent on volunteer participation were taken. In addition,

it was asked whether they were comfortable with audio-recording or not.

Interviews were conducted in silent places to make both interviewee and interviewer
more concentrated on the topic. In addition, interviews were conducted in Turkish
language to make participants more comfortable while answering the interview

questions. It also gave researcher a chance to obtain more clear data.

The interviews started with word association test concerning the carbon. Later, this
test followed by concept map which it was asked participants to connect the concepts
in the word association test. After that, it was asked participants to draw a carbon

cycle which traced the carbon among the components of the carbon cycle.
3.7 Data Analysis

In this study, data obtained from the interviews, word association test and concept
map and drawing were analyzed accordingly with rubric that is developed to measure
the systems thinking skills of the participants in the context of carbon cycle. The data
obtained from the interviews were re-evaluated many times for each participant. The
interviews were coded concerning the systems thinking skills in the carbon cycle. The
rubric was presented in Table 3.7.1.
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3.7.1. Carbon Cycle in the Context of System Thinking Hierarchical Model

In this thesis, participants’ understandings of systems thinking abilities were analyzed
accordingly with the System Thinking Hierarchical Level that was proposed Ben-Zvi
Assaraf and Orion in 2005. The meaning of the levels in the carbon cycle were formed
from various studies. The summarized table of meaning of STH model levels in the

context of carbon cycle were presented in the Table 3.7.1.1.

In this first level of STH model, it is expected from participants to identify the
components and processes within the Carbon Cycle. This level is analyzed
accordingly with the data obtained from the interviews and drawing in terms of three
categories that is described in the context of carbon cycle as the atmosphere, the
hydrosphere and the terrestrial systems (biosphere and the geosphere) since the major

exchanges of matter and energy takes place on those three sub-systems (Post, 1990).

In the context of carbon cycle, the first skill of system thinking is to ability to identify
the components of the system such as plants, animals, carbon dioxide, methane,
volcanoes, rocks, ocean etc. and processes such as photosynthesis, cellular
respiration, digestion, rock weathering, formation of sedimentary rocks, volcanism,

food webs, decomposition and combustion (Mohan et al, 2009; Zangori, 2017).

The components that the participants identified categorized as terrestrial system,
hydrosphere and atmosphere. Terrestrial system includes the components such as
plants, trees, animals, humans, soil, coal, volcanoes, rocks and so on. Hydrosphere
components includes water, glaciers, rivers, lake, aquatic plants and so on.
Atmosphere components may contain atmosphere, carbon dioxide, carbon mono-
oxide, atmospheric temperature, air and so on. These categories (terrestrial,
hydrosphere, atmosphere) were used since carbon cycles through terrestrial,
hydrosphere and atmosphere (Post, 1990). The main intention to perform such
categorization is to investigate focus point of the participants’ perception of the
carbon cycle as a system. In other words, it is intended to understand participant’s
perception of carbon cycle as a complex system through components whether she
could define multiple components on the three categories including terrestrial,

hydrosphere and atmosphere or not.
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The first level of system thinking model includes the ability to identify processes of
in a system additional to its components. Carbon cycle as a system includes processes
such as photosynthesis, cellular respiration, combustion, decomposition, food webs,
rock weathering, sedimentation, soil respiration, volcanism, decay, run off, plant
respiration, litter fall, diffusion (of CO.), dissolution (of CO>), formation of carbonate
shells. The processes were analyzed on where they were identified on encompassing
terrestrial system, hydrosphere or atmosphere, which are the sub-systems of carbon

cycle. This level analyzed through the interview, word association test, and drawing.

The second level is described as the ability to identify simple relationships between
or among the system’s components. In this level, it is expected from participants to
identify the relationships within the carbon cycle. The relationships analyzed on three
categories such that include interactions of the components belonging to the
terrestrial, hydrosphere and atmosphere systems of the carbon cycle. The
investigation focused on the weather the participant identified relationships among
three categories which are the sub-systems that forms carbon cycle. In addition, cause
and effect relationships were analyzed over the identified relationships which give
carbon cycle a system characteristic (Lee,2015). The second systems thinking skill
which is described as the ability to identify dynamic relationships among the

components in the carbon cycle analyzed by the interview questions.

In third level, it is expected from participants to identify the dynamic relationships
within the carbon cycle. In this study, dynamism in the carbon cycle interpreted as
having an awareness that material (carbon or carbon-based matter) is on flux among
the carbon pools in the carbon cycle (Kump, Kasting, & Crane, 2004). The carbon
pools on the Earth was investigated under three sub-systems of carbon cycle
including the terrestrial system, the hydrosphere and the atmosphere. The flux among
the carbon pools such as from plants to atmosphere or from plants to soil includes
transformation and transportation of matter (carbon) (Ben-Zvi Assaraf, 2003; Mohan
et al., 2009). Therefore, dynamic relationships in the carbon cycle were analyzed on
the fluxes of carbon among the carbon pools with referring to the transformation and
transportation of the matter (Kump et al., 2004; Zangori et al., 2017). The third
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systems thinking skill which is described as the ability to identify dynamic
relationships among the components in the carbon cycle analyzed by the interview
questions.

In the fourth level of STH model, it is expected from participants to identify
organizing the components and processes of carbon cycle within a framework of
relationships. As defined in the previous sections, carbon cycle includes three main
sub-systems which are terrestrial system, hydrosphere and the atmosphere. It was
vital for participants to organize the components belongs to the three sub-systems of
carbon cycle. As Ben-Zvi Assaraf (2003) suggested it is important to note that
connections among the components related with the more than two components since
such relations gives the cycle a system characteristic. Therefore, this level was
analyzed over the concept maps which investigated interaction of parts of the carbon

cycle to understand the whole (Brandstddter, Harms, & Grof3schedl, 2012).

In the fifth level, it is expected from participants to identify the cyclic nature of the
carbon cycle system. This means that we live in a cyclic world which matter (carbon)
cycles via exchange of energy and matter (Ben-Zvi Assaraf, 2003). In the context of
the study this level was interpreted as carbon cycles through in a series of small sub-
cycles which represents carbon and energy transformation among the main reservoirs
of carbon located in subsystems of carbon cycle including terrestrial system,
hydrosphere and atmosphere (Batzri, et al., 2015; Finley et al., 2011; Kump et al.,
2004). These small sub-cycles were identified as;

a) among atmosphere-plants-soil via photosynthesis, respiration (plant, soil, animal)
and litterfall while solar energy turns into chemical; chemical to thermal.

b) Dead organism-soil-fossils-ocean (wetlands, lake)- fossil fuels- human activity
(driving cars, or industry)- atmosphere-rain via burial, fossilization, combustion,
precipitation while solar energy turns into chemical; chemical to thermal and material

carried through gravitational potential energy.

c) Atmosphere-ocean via diffusion and includes aquatic photosynthesis and

respiration while solar energy turns into chemical.
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d) Atmosphere-ocean- rocks (sedimentary) via dissolution, precipitation, plate
tectonics, volcanism while gravitational potential energy (e.g. sediments and water)
turns into kinetic; geothermal energy powers plate tectonics which transferred to
atmosphere and the space (Finley et al., 2011; Kump et al., 2004, Zangori, et al.,
2017).

The fifth system thinking skill which is described as understanding the cyclic nature
of the carbon cycle system were analyzed by the interview questions and the

drawings.

In the sixth level, it is expected from participants to recognize the hidden dimensions
of the carbon cycle system. This ability means that identifying relationships that are
not seen on the surface (Ben-Zvi Assaraf, 2003; Ben-Zvi Assaraf et al., 2010). In the
context of this study, while analyzing the hidden dimensions in the carbon cycle
mainly focused on the recognizing interrelationships among the various Earth cycles
such as water cycle or nitrogen cycle. Because the relationships of carbon cycle with
the other Earth cycles are occurred in multiple scales from macroscopic to
microscopic, they are invisible to the human eye (Batzri et al., 2015; Lee, 2015).
Therefore, this level analyzed via through the interview questions that investigated

the interrelationships among the various Earth cycles from multiple scales.

The seventh level in the STH model was described as ability to make generalizations.
Generalization might be expressed within the carbon cycle system by the
understanding that this system is dynamic and cyclic. In the context of carbon cycle,
that understanding implemented on discussing the how environmental issues (i.e.
global warming, climate change) occurred such as the current imbalances among the
processes within the carbon cycle’s sub-systems including terrestrial system,
hydrosphere and atmosphere [dynamism] (Batzri et al., 2015; Ben-Zvi Assaraf et al.,
2010; Mohan et al., 2009). Imbalances among the processes within the carbon cycle
encompasses the feedback relationships among the components of carbon cycle
[cyclicality] (Ben-Zvi Assaraf, 2003; Batzri et al., 2015; Mohan et al., 2009).
Therefore, in this level, it was analyzed the participant’s ability to identify current

imbalances of the carbon cycle process with referring the feedback mechanisms
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among the components in three sub-systems of carbon cycle while discussing the
global environmental issues. The seventh system thinking skill which is described as
the ability to make generalizations was analyzed by the interview questions.

The last system thinking skill was described as ability to think retrospectively and
make predictions. In the context of the carbon cycle, this level means that
understanding that some of the presented interaction within the system took place in
the past, while future events may be a result of present interactions (Ben-Zvi Assaraf,
2003). In the context of carbon cycle, such understandings could be implemented in
cases such as industrial revolution effect on the increasing concentration of CO-
throughout the decades or predict consequences of population growth on the CO-
concentration in the atmosphere for the upcoming ages (Batzri et al., 2015; Zangori,
etal., 2017). The eighth system thinking skill which is described as the ability to think

temporally: retrospection and prediction was analyzed by the interview questions.
3.8.1 Rubric Development

A rubric was developed to measure the systems thinking levels of the participants in
the context of carbon cycle. During the development process, the results of the pilot
study were used alongside with the opinions and suggestions of the advisor of the

study.

Four levels were determined for each systems’ thinking skills. These levels are pre-

aware, emerging, developing and mastery. Levels are descripted in the Table 3.4.
3.8. Validity, Reliability and Ethics

Content related evidence was one of the best ways to make researchers
assured concerning the convenience of the instruments with ensuring the
relatedness between the content and the format of the instrument (Fraenkel et
al., 2012). In the context of this study, the interview questions were evaluated
by the advisor of the study, a professor from science education department
who had studies concerning the systems thinking in the science education.

Moreover, researcher bias is one of the threats to the internal validity.
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(Creswell, 2008). To deal with this threat, open-ended interview questions
were used to compare the results of the various participants in the study. In
this way, researcher bias could be eliminated (Patton,1990).

It was hard to provide reliability in the qualitative studies since people are not
eager to behave in a consistent way (Merriam, 2009). On the other hand, to
increase reliability of drawings, coding framework developed by Rennie and
Jarvis (1995) were used. They analyzed the drawings and coded separately
the same drawings. After discussing the results, they came of with a fruitful
coding framework for the systems thinking in the context of Earth systems.
For the other data collection instruments, transcriptions and coding processes
were conducted various times to be sure that results of the participants were

consistent to increase reliability.

In the context of ethical concerns, participants’ consents that they admit
volunteer participation to the study was taken. Moreover, while audio-
recording, their permission was also taken. Additionally, instruments that
were used in data collection were presented to the ethics committee in the
university. After the approval, the current study was conducted (See approval

form in Appendix C).
3.9. Limitations

There are several limitations that should be taken into consideration while
analyzing the current study. First of all, in the current study, it was assumed
that participants had adequate knowledge considering basic carbon cycle
processes, and hence their disciplinary knowledge was not assessed. On the
other hand, understanding systems thinking requires disciplinary knowledge
on the investigated theme (You, Marshall, & Delgado, 2018). Therefore, if a
participant had lack of disciplinary knowledge on the current issue, she

demonstrated lack of systems understanding in the carbon cycle.
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Secondly, there are other instruments that were used to examine in the context
of systems thinking in Earth systems such as hidden dimension inventory, or
cyclic thinking questionnaire (Ben-Zvi Assaraf, et al., 2005). On the other
hand, such instruments were specifically developed to examine the water
cycle which is a less complex Earth cycle compering with the carbon cycle.
Therefore, they could not be used to provide extra evidences to the systems
thinking levels of the participants in the context of the carbon cycle. Thirdly,
all the participants of the study were female. On the other hand, it was not
intentional. Since there are few male students in the science education
department and they were not volunteers, male students could not be a part of
this study. Lastly, the conclusions of the current study were not generalizable,

since it is a qualitative study (Fraenkel et al., 2012).
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CHAPTER 4

FINDINGS

In the context of the study, five participants were investigated as separate cases in
terms of their systems thinking levels. For this purpose, interviews, concept maps
and drawings were used. For each of the data collection tool, rubrics were presented
(See Appendix B.). Based on the rubrics, the system thinking levels of the
participants were analyzed. First of all, Canan’s findings were reported followed by

the other participants.
4.1. Case 1: Canan
4.1.1. Canan’s Demographic Data

Canan is 23-year-old senior student from science education department in the one of
the well-known universities in the Turkey. She grown up and currently live in capital

city of Turkey.

Canan passed all the courses which are mandatory in the undergraduate curriculum
including organic chemistry, analytic chemistry, biology, physiology, physics,
geology and environmental education. In addition, she took two elective courses
related to sustainability.

4.1.2. Canan’s System Thinking Skills

Canan’s system thinking levels were analyzed according to answers given to the three
data collection tools which are interviews, drawings and concept map. Results were

presented for each system thinking level separately.

4.1.2.1. STS-1 Identify system components and processes within the system In
this level, it is expected from participant to identify the components and processes
within the Carbon Cycle. This level is analyzed accordingly with the data obtained
from the interviews and drawing in terms of three categories that is described in the

context of carbon cycle as the atmosphere, the hydrosphere and the terrestrial system
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(biosphere and the geosphere). A summary table that include Canan’s ability to
identify both processes and components within the system was presented in the Table
4.1.2.1.1. The drawing that Canan draw were presented in Figure 4.1.

Figure 4.1. Canan’s Drawing of Carbon Cycle

As it can be seen in the Table 4.2, Canan mainly focused on the Terrestrial part in the
carbon cycle system (nine-teen components). Moreover, she identified six
components in the Hydrosphere and seven components in the Atmosphere. Canan
identified multiple components on the three category which shows that she
considered all the sub-systems of the carbon cycle system. Therefore, she classified

as mastery level for the components of the carbon cycle system.
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A brief summary of the components that Canan identified was categorized and listed

in the Table 4.2. obtained by her responses to the interview and her drawing.

Table 4.2
Identified Components Within the Carbon Cycle by Canan
Categories Components within carbon cycle Number of
components
Terrestrial System Plant, volcano, 18
tree, fossils,
humans, fossil fuels,
animals, soil,
cow, coal,
food, decomposers,
farm, organisms,
agricultural dead organisms,
products, cars,
nutrition (of factory
humans)
Hydrosphere System Aquatic plants, 3
ocean,
glaciers
Atmosphere methane, greenhouse gases, 7

carbon dioxide, temperature

carbon mono- (atmospheric),
oxide, air
oxygen,
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Interviewer: “What are the components of the carbon cycle?”

Canan: “There are living organisms such as plants, animals, decomposers
humans in the carbon cycle. In addition, one can find fossil fuels such as coal.
Moreover, fossil fuels formed by fossils which fossils formed by the dead
organisms in the soil. In addition, volcanoes are present [in the carbon cycle].
Moreover, human activities such as cars, or factories are the components of
the carbon cycle. | think these [human] activities include the agricultural
products since we [humans] are eating them [agricultural products]. There are
aquatic plants in the ocean as well. There are glaciers in the ocean too. In
addition, there are gases such as carbon-monoxide and oxygen as well as
greenhouse gases such as carbon-dioxide and methane which increase the
atmospheric temperature in the air.”

The first level of system thinking model includes the ability to identify processes of
in a carbon cycle system additional to its components. The processes, gathered
through interviews and drawings, identified by Canan were listed in Table 4.3. Recall
that findings were analyzed according to the data where the processes identified on
encompassing terrestrial system, hydrosphere or atmosphere, which are the sub-
systems of carbon cycle.

When it was asked about the processes in the carbon cycle, she identified the
processes both on interview and drawing. The processes she identified were listed in
Table 4. 3.

Table 4.3.
Identified Processes Within the Carbon Cycle by Canan
Category Processes within the Carbon Cycle
Terrestrial System Photosynthesis
Respiration
Combustion
Volcanism

Decomposition

Digestion

Hydrosphere system Photosynthesis

Respiration

Atmosphere -
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Interviewer: “Can you identify the processes within the carbon cycle?”

Canan: “Respiration and photosynthesis are processes. [For example,]
releasing methane [from cows] is a process [digestion]. When organism
die, their organic material accumulates in the soil with the activities of
the decomposers [decomposition]. Burning of [fossil] fuels is a process
[combustion]. In oceans, there is photosynthesis and respiration that are
performed by aquatic plants. Volcanism is a process as well.”

Similar to the components, it was observed that she mainly identified processes
related to terrestrial system (six processes). In addition, she defined two processes
(photosynthesis and respiration) in the hydrosphere system. Even though she
identified atmosphere components, processes included the atmosphere could not be
defined. Since she identified processes on two sub-systems in the carbon cycle
including terrestrial and hydrosphere system, she classified as developing level for

the process within the carbon cycle.

All in all, it was obtained that Canan perceived carbon cycle mainly based on
terrestrial system taking account for the components (18) and processes (6) she
identified on it. She could be able to identify components on the three sub-systems of
the carbon cycle includes terrestrial system, hydrosphere and the atmosphere. On the
other hand, although she identified components on the all three sub-systems of carbon
cycle, she could able to identify process only on two sub-systems, including terrestrial
system (6) and the hydrosphere (2). She did not consider the processes in the
atmosphere. Therefore, since Canan was not able to identify processes and the
components within the all-three sub-systems of carbon cycle, she was classified as
developing level for the ability to identify components and processes within the

carbon cycle system.

4.1.2.2. STS-2 The ability to identify relationships among the components within

the system

The second system thinking skill which is described as the ability to identify
relationships among the components in the system analyzed by the interview

questions. A brief summary of Canan’s ability to identify relationships among the
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components of the carbon cycle were presented in the Table 4.4. The analysis
demonstrated that Canan identified relationships among the terrestrial components and

the atmosphere components on the carbon cycle.

Canan identified relationships three relationship among the terrestrial components and
the atmosphere components of the carbon cycle. One relationship includes cause and
effect relationship among the terrestrial system and the atmosphere over the excessive
release of CO> as a cause for the carbon emission. On the other hand, the remaining
relationships identified as a simple relationship without referring any causality.

The analysis continued with the interview questions investigating the relationship
among the components that Canan defined in the STS-1.
Interviewer: “What are the relationships among components in the carbon
cycle? Can you tell me?”

Canan: “When we talk about relationship, the interaction is among human,
cow and plant. Moreover, there is an interaction between plant and
atmosphere and between animals and atmosphere via respiration and
photosynthesis. In photosynthesis, plant takes in CO2 and gives out Oa.
Then, O2 and food are produced. Food contains carbon. Cow releases
methane when they eat plants. Thus, there is a relationship between cow
and plant.”

Canan identified the relationship between terrestrial system components (plant,
animals including humans) and atmosphere via photosynthesis and respiration. As a
product of the process, food, was identified by the participant which were related with
carbon. In addition, she related food with the “nutrition for cows” that is a small food
chain identified. Digestion of food by cows related with the releasing of methane to
the atmosphere. Therefore, she identified relationship among terrestrial components
including plants, animals (including humans), food, nutrition, cow and atmosphere

components consisting of sunlight, CO2, Oz, methane via photosynthesis, respiration,
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digestion and food chain. She identified relationships among components in the
terrestrial system and atmosphere including processes that forms the relationships.
Canan continued to identify relationships with the questions in the interview which
analyze the ability to identify relationships among the components of the carbon cycle
that she described in the STS-1.

Interviewer: “You identified volcano as a component of carbon cycle in your

drawing. What is the relationship of volcano with the other components of the
carbon cycle?”

Canan: “I am not sure. Since there is a burning event, I mean... I am not sure
exactly. 1 do not know the process of volcanism. However, | know, when it
[volcano] exploded, CO: is released.”

It was observed that even though she did not knowledgeable concerning the process
of volcanic eruptions, she was aware of the relationship between terrestrial
component (volcano) and the atmosphere component (CO) over the process of
volcanism. Therefore, the relationship was identified included components belonging
to two sub-systems; terrestrial system and the atmosphere over the volcanism.
Interviewer: “Do you want to add anything about the relationships among the
components of carbon cycle?”
Canan: “Humans... human activities cause carbon emission.”
Interviewer: “What kind of activities are you talking about?”

Canan: “Actually, everything. Factories release CO> to the atmosphere. For
example, driving a car or transportation and nutrition, all of them cause carbon
emission.”

Interviewer: “How nutrition causes carbon emission?”

Canan: “Not nutrition itself, but all the processes that occurs during the food
production such as how food is produced, harvested and delivered [to our
houses]. For example, plants grow in the farms. Meanwhile, [while] they do
photosynthesis and respiration. After that, food is harvested. Then, it is
transported via driving vehicles. All of them cause carbon emission.”

Canan mentioned an anthropogenic process causes carbon emission
which were described as an effect for the human use of carbon by (driving) cars and
use them for the transportation as well as combustion in the factories. In addition, she
identified humans’ agricultural use as a cause for the carbon emission. The

agricultural use was described as producing, harvesting and transporting the food
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products by her which during the all the processes carbon dioxide is released to the
atmosphere. Therefore, she identified relationship among the terrestrial system
components; cars, factories, agriculture (includes food, cars) and the atmosphere
component; CO2 over the process of carbon emission referring cause and effect
relationship among two sub-systems (terrestrial system- atmosphere) in the carbon

cycle.

The overall analysis of second level of system thinking demonstrated that Canan
could be able to identify relationships among the components located in the two-
subsystems which are terrestrial system and the atmosphere. Relationship among the
plants-animals (including humans)-water-food-nutrition- cow-sunlight and CO2-O- -
methane, and volcano-CO: identified over the processes includes photosynthesis,
respiration, digestion, food chain and volcanism without referring any causality
among the components on terrestrial system and the atmosphere. On the other hand,
she failed to identify interactions related with terrestrial system-atmosphere and the
hydrosphere. Therefore, concerning the second system thinking level which was
defined as the ability to identify relationship among the components within the

system, Canan was classified as developing level (See Table 4.4).
4.1.2.3. STS-3 Identifying Dynamic Relationships in the System

In this level, it is expected from participants to identify the dynamic relationships
within the carbon cycle. In this study, dynamism in the carbon cycle interpreted as
having an awareness that material (carbon or carbon-based matter) is on flux among
the carbon pools in the carbon cycle. The third system thinking skill which is
described as the ability to identify dynamic relationships among the components in
the carbon cycle analyzed by the interview questions. A series of interview guestions
asked to the participant to analyze her understanding of dynamism in the context of
carbon cycle. According to the her answers, she was classified as pre-aware,
emerging, developing or mastery.

In particular, the analysis demonstrated that Canan identified dynamic relationships

on the among the terrestrial carbon pools (animals, plants, (dead) organisms, soil,
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fossils, fossil fuels) and the atmosphere mainly. On the other hand, she could not be
able to identify any dynamic relationships related with the hydrosphere. A brief
summary of Canan’s ability to identify relationships among the components of the

carbon cycle were presented in the Table 4.5.

The table demonstrated that Canan could be able to identify dynamic relationships in
between terrestrial system carbon pools (plants, animals, (dead) organisms, soil) and
atmosphere through the processes of photosynthesis and respiration. On the other
hand, the dynamism she defined was limited with the transportation of the carbon
only without considering the transformation of carbon among the pools. As she
struggled to identify dynamic relationships considering hydrosphere, she was not able
to define any. Moreover, carbon pools such as Earth curst, main reservoir of the
carbon on the Earth (Kump et al., 2004), was not identified. Therefore, dynamic
relationships considering major pool of the carbon in the Earth could not be observed

in the interview.

The analysis continued with the interview questions investigating the relationship
among the carbon pools that Canan defined in the STS-1.

Interviewer: “What happens to carbon in the atmosphere?”

Canan: “I do not have so much idea about it. Carbon in the atmosphere should
be used by the plants for photosynthesis. I do not know what happens then.
Something should happen to carbon, but I cannot explain what happens. CO>
cannot stay in there [in the atmosphere] forever. It should be transferred to
somewhere else like plants. On the other hand, I do not really have an idea
about what happens to the carbon in the atmosphere.”

Interviewer: “What happens to carbon in the plants?”

Canan: “Plants do photosynthesize. They take CO2 from the atmosphere and
water from the soil, to synthesize food...Hmm... However, | do not know
what happens to carbon in the plants.

Interviewer: “What happens to carbon in the soil?”

Canan: “There are dead organisms in the soil. Organic materials accumulate
in the soil when organisms die. After time pass, those organisms turn into
fossils. I do not know what happens when organic material turns into fossils.
Then, fossils become fossil fuels. However, | do not know which processes
occur while fossils turn into fossil fuels.”
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Interviewer: “you mentioned decomposers when you identify the components
of the carbon cycle? What is the role of decomposers in the carbon cycle?

Canan: “They [decomposers] take out carbon from dead organisms in the soil.
I mean, dead organisms take role in returning carbon to the cycle. However, |
do not know how this process [decomposition] occurs.”

Interviewer: “What happens to carbon in animals?”

Canan: “Animals use food for synthesizing energy via respiration. Food
contains carbon. At the end of the respiration, CO2 is released to the
atmosphere. However, what happens to carbon...hmm... I cannot explain.”

Interviewer: “you mentioned ocean as a component in the carbon cycle in your
drawing. What happens carbon in the ocean?”

Canan: “I do not know; I cannot describe what happens.”

Interviewer: “Do you want to add anything considering the dynamic
relationships among the components that you identify?

Canan: “No, I think that’s all.”

To be brief, it was observed that Canan could be able to identify the dynamic
relationship among the carbon pools. On the other hand, for most of the pools, the
explanation of the relationships was limited with the transportation of carbon without
explicit reference to the transformation of the carbon. For example, Canan could be
able to identify dynamic relationships among the terrestrial system pools (soil, fossils,
fossil fuels) and the atmosphere referring the transportation and transformation of
carbon at some level without explicitly explaining the transformation of dead
organisms to fossil fuels. The same phenomenon was observed when she tried to
identify the dynamic relationship between the atmosphere and the plants. She
identified the transportation of carbon (CO2) from atmosphere to the plants with
referring to the process of photosynthesis. However, she could not be able to identify
the transformation of carbon (from COz to glucose) in the photosynthesis. In addition,
the analysis of dynamic relationships among the animals and atmosphere gave the
similar results. Canan could be able to identify transportation of carbon to the
atmosphere as in the form of CO via respiration process. However, she failed to refer
the transformation of carbon during the respiration from glucose to CO..
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Moreover, it was observed that dynamic relationships considering decomposers
(bacteria or fungi), she was aware that there should be transfer of carbon with the
help of the decomposers in the carbon cycle. On the other hand, she was failed to
identify the transformation of carbon (glucose to CO2 or glucose to methane). In
addition, for hydrosphere pools, it was observed that even though Canan identified as
a component (ocean) in STS-1, she could not be able to identify any dynamic
relationship including the ocean. Moreover, the terrestrial pools such as Earth crusts
could not be identified by her. Hence, any relationship considering Earth crust could
not be identified. Therefore, it was observed that Canan could be able to identify
dynamic relationships among terrestrial pools, and also between the terrestrial pools
and the atmosphere, with lack of referring to the transformation processes. As a result,
she classified as emerging level for identifying dynamic relationships in the carbon

cycle (see Table 4.5).

4.1.2.4. STS-4 Organizing the systems’ components, processes, and their

interactions, within a framework of relationships

In this level, it is expected from participant to identify organizing the components
and processes of carbon cycle within a framework of relationships. As defined in the
previous sections, carbon cycle includes three main sub-systems which are terrestrial
system, hydrosphere and the atmosphere. This level was analyzed over the concept
maps which investigated interaction of parts of the carbon cycle to understand the
whole. For these purposes, it was asked participant to write the 12-words concerning

carbon and to draw a concept map that relates the concepts to each other.

Interviewer: “What comes in your mind when I say carbon?”

Canan: “I can say livings and non-livings in the biosphere since they include
carbon. Moreover, | can say carbon footprints of humans since we release
carbon. In addition, | can say CO. and CO in the air which includes carbon
inside. We measures the concentration of the carbon using ppm [parts per
million]. Additionally, people cover their cars with carbon related something
to protect cars from the sun, but I am not sure. Moreover, | can say there are
organic compounds everywhere. While we said that, we can say carbon make
4-bonds. Moreover, I can say carbon is transported through the carbon cycle.”

Interviewer: “Can you draw a concept map that relates those concepts to each
other?”
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The concept map she had drew was presented in the Figure 4.2.

Figure 4.2. Canan’s Concept Map

It was obtained that only two concepts (COz2, carbon) were related to more than two
concepts in the concept map. Her map mainly based on relating pairs of concepts (2-
concepts) which is inadequate to form a framework with missing any cross-sectional
arrows. It seemed she was aware of “carbon [is] transported through [the] carbon

cycle”.

The concepts that she discussed in the concept map was summarized in the Table 4.6.
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Table 4.6

Canan’s Ability to the Systems’ Components, Processes, and Their Interactions,
within a Framework of Relationships

Dimensions within the Examples Number of the concepts

concept map

Terrestrial system Living and non-livings, 4
coal, carbon footprint

(human), carbon covering

(on cars)

Atmosphere CO;, CO, parts per 3
million (ppm)

Hydrosphere - -

Miscellaneous Carbon, carbon cycle, 4- 4
bonds, organic
compounds

Processes Combustion (by humans), 2
carbon  emission  (by
humans)

Concepts related more CO», Carbon 2

than two concepts

However, she only related carbon cycle to carbon in this extent. No other interaction
was observed on the carbon cycle in her concept map. Moreover, she mainly focused
on the terrestrial part of the carbon cycle (4 concepts). Additionally, three concepts
related to atmosphere were observed. However, the hydrosphere part of the carbon
cycle could not be discussed. The processes that transport carbon in the carbon cycle
was missing except from anthropogenic combustion (burning of coal) and carbon
emission while she identified five other processes in the STS-1 including
photosynthesis (also in hydro.), respiration (also in hydro.), volcanism,

decomposition, digestion (See Table. 4.2). Even though she identified those processes
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in the carbon cycle, she failed to organize them in a framework of relationships in the
concept map. Therefore, although she was aware of the carbon cycle processes and
components (STS-1), the pairs she created was insufficient to describe an organized
framework of relationships which characterize a system. In addition, the interaction
of the concepts she discussed did not cover the terrestrial and atmosphere and the
hydrosphere part of the carbon cycle which gave a “fragmented perception to the
system” (Ben-Zvi Assaraf, &Orion, 2005). Hence, she classified as emerging level
for the STS-4.

4.1.2.5. STS-5 Understanding the cyclic nature of the systems

In this level, it is expected from participants to identify the cyclic nature of the carbon
cycle system. This means that we live in a cyclic world which matter (carbon) cycles
via exchange of energy and matter (Ben-Zvi Assaraf, 2003). In the context of the
study this level was interpreted as carbon cycles through in a series of small sub-
cycles which represents carbon and energy transformation among the main reservoirs
of carbon located in subsystems of carbon cycle including terrestrial system,
hydrosphere and atmosphere. The fifth system thinking skill which is described as
understanding the cyclic nature of the carbon cycle system were analyzed by the
interview questions and the drawings. According to the answers, she was classified

as pre-aware, emerging, developing or mastery.
The drawing that Canan drew was presented in the Figure 4.1 (See p. 45).

The components and the processes in the drawing was summarized in the Table 4.7.
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Table 4.7
Components and Processes Identified by Canan in Her Drawing

Sub-systems of carbon Components Processes
cycle
Terrestrial system Cow, human, dead Photosynthesis,

organism, fossil fuels, respiration, combustion,

tree, factory, volcano, decomposition, volcanism

soil,
Atmosphere CO2, CH4 -
Hydrosphere Aquatic plants, ocean, Photosynthesis,

respiration

In the drawing, it was observed that Canan identified eight component and five
processes related with the terrestrial part of the carbon cycle. In addition, she defined
two components and two processes in the hydrosphere. On the other hand, even
though she described two components, any process in relation with the atmosphere
could not be identified. It was obtained that, as in the previous levels, she mainly
focused on the terrestrial part of the carbon cycle. In addition, it was observed the
carbon flow represented as “input” and “output” with arrows over the components
without indicating the source of the “input” carbon which demonstrated lack of cyclic

understanding of the carbon cycle system based on her drawing. (Sibley et. al., 2007).

Two interview question was asked to investigate whether the participant hold a cyclic

perception considering the carbon cycle (Ben-Zvi Assaraf, & Orion, 2005).

Interviewer: “Is there a starting point for the carbon cycle?”

Canan: “I do not think, there should be a starting point for the carbon cycle.
Carbon is released by the plants and then it [carbon] is used by the plants
again. Thus, how one can define a starting point in this case.”

Interviewer: “Then, is there an end point for the carbon cycle?”
Canan: “If there is no starting point, then, we cannot talk about the ending

point as well.”

66



It was seemed that Canan was aware that there is no starting or ending point for the
carbon cycle. Therefore, she demonstrated the cyclic perception in the carbon cycle
(Ben-Zvi Assaraf, & Orion, 2005). On the other hand, a detailed analysis on how she
perceived the cyclicality on carbon cycle is required to investigate her understanding

the cyclic nature of the carbon cycle system.

The analysis of this level continued with the interview questions that analyzed the
exchange of carbon and energy among the four-sub-cycles of the carbon cycle

system.
Interviewer: “How carbon reaches to the atmosphere?”

Canan: “I think it reaches through the respiration. Plants and animals perform
respiration. I think, after respiration carbon reaches to the atmosphere in the form of
CO:z...[Additionally], factories release CO. to the atmosphere. Moreover, when

volcanoes explode, they [volcanoes] release CO> [to the atmosphere] as well”
Interviewer: “How carbon reaches to the plants?”’

Canan: “I am not sure, but we always say plants takes CO> from atmosphere
to perform photosynthesize with using sunlight and water. Hence, | think that is the

way of carbon when reaching the plants.”
Interviewer: “How carbon reaches to the animals?”

Canan: “I think they get carbon through foods. I cannot be sure about that. I

know food contains carbon. Thus, they [animals] should take carbon in that way”
Interviewer: “How carbon reaches to the soil?”

Canan: “when organism die, they accumulate in the soil. [ cannot explain what
happens to them [dead organisms] exactly in the soil, but then, I know they [dead

organisms] turns into fossil fuels. Then we [humans] use them.”
Interviewer: “How do we [humans] use fossil fuels?”

Canan: “I mean, while driving cars or factories, or food transport etc., we

released carbon to the atmosphere.”
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Interviewer: “How carbon reaches to the ocean?”

Canan: “I do not know. I think it could be related with the photosynthesis and

respiration. However, I cannot explain how.”

Interviewer: “You mentioned about volcanoes. How carbon reaches to the

vOlcano?”

Canan: “I really do not know how volcanoes explode. But, | know when it

[volcano] explodes, CO2 is released to the atmosphere.”
Interviewer: “What makes carbon to move in all this action?”

Canan: “I think carbon moves because of chemical reactions. When we said a
component releases CO2 or something related with carbon, we meant the
product of a chemical reaction. For example, plants release CO2 as a product

of respiration. That’s all I can say.”

It was observed that she could be able to identify the sub-cycle that covers the
exchange of carbon among two-subsystems which are terrestrial system and
atmosphere. The cycle was identified as carbon exchange from atmosphere to plants
as in the form of CO> via the process of photosynthesis and from plants to atmosphere
as in the form of CO- through the process of respiration. In addition, she could be
able to discuss the carbon release in the form of CO. to the atmosphere over the
process of respiration in animals. On the other hand, how carbon reaches to the
animals remained unclear. The processes of food chain that transform carbon through
the plants to the animals could not be observed. In addition, she was aware of the
exchange of carbon from animals and plants to the soil, however, she could not be
able to trace it back into the atmosphere over the process of decomposition. In short,
it was seemed that she could be able to perceive of exchange of carbon in the sub-
cycle (a) which in between terrestrial carbon pools (plants, animals) and atmosphere
(CO2) over the processes of photosynthesis and respiration. Additionally, the
movement of carbon among the reservoirs were related only with the chemical energy
occurring as chemical reactions on the various carbon pools (i.e. plants). However,
although she could be able to identify sunlight, she could not be able to identify
68



exchange of energy among the atmosphere to terrestrial system over the

transformation of solar energy to the chemical energy.

Moreover, considering the sub-cycle (b), she identified the exchange of carbon
among the terrestrial system and atmosphere in a degree among the terrestrial
reservoirs (dead organisms, soil, fossils and fossil fuels) and the atmosphere via the
processes of burial and combustion. She discussed carbon exchange to the
atmosphere are caused by human activities (driving cars, factories) that combust
fossil fuels. On the other hand, it was seemed that she could not be able to explain
how carbon is exchanged among the dead organisms, fossils and fossil fuels via the
process of fossilization. As a result, she could not be able to trace the carbon in the
soil. Since no process regarding to soil identified concerning the sub-cycle (b) she
could not be able to discuss any exchange of energy among the different carbon

reservoirs (chemical energy to thermal).

In addition, she could be able to exchange of carbon between hydrosphere and
atmosphere in the sub-cycle (c) as in the form of CO,. She described aquatic plants
responsible for the exchange of carbon between ocean and the atmosphere via the
process of photosynthesis and respiration. On the other hand, processes of diffusion
of carbon in and out ocean could be observed. Therefore, how carbon enters the
oceanic water and leaves it remained unexplained. Additionally, she did not mention
the energy exchanges occur between the hydrosphere and atmosphere (kinetic energy
turns into potential; potential energy turns into kinetic, solar energy turns into

chemical).

However, sub-cycle (d) which describes the exchange of carbon and energy among
the reservoirs of terrestrial system, the hydrosphere and the atmosphere could not be
observed. Since she did not mention the main reservoir of carbon on the Earth
(Earth’s crust or rocks), she could not be able to trace the exchange of carbon among
the rocks (sedimentary), ocean and atmosphere while energy exchanged via
dissolution, precipitation, plate tectonics-volcanism (gravitational potential energy
(e.g. sediments and water) turns into Kinetic; geothermal energy powers plate

tectonics which transferred to atmosphere and the space).
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In brief, Canan demonstrating an understanding on matter (carbon) exchanges among
the carbon reservoirs in a part of the sub-cycle-a which is in between plants and the
atmosphere via photosynthesis and respiration. On the other hand, carbon exchanges
among the animals, plants and the soil via the processes of food chain and soil
respiration (i.e. decomposition) could not be observed. Therefore, other part of the
sub-cycle-a which completes the exchanges of matter (carbon) within atmosphere and
the terrestrial carbon reservoirs could not be identified. In addition, she was aware
that energy is responsible for the movement of carbon among the carbon reservoirs.
However, Canan could not be able to relate it to the energy exchanges between the
atmosphere and terrestrial system. Moreover, Canan demonstrated a partial
understanding of exchanging carbon considering the sub-cycle-b which is in between
atmosphere and terrestrial system (dead organisms, soil, fossils and fossil fuels)
reservoirs. However, the exchanges of carbon within the soil and the atmosphere was
missing in her description of the sub-cycle-b. Additionally, exchanges of energy
could not be observed among the atmosphere and terrestrial reservoirs as well for the
sub-cycle-b. Moreover, it was obtained that Canan was aware of the exchanges of
carbon within atmosphere and hydrosphere. However, she could not be able to show
an understanding that how the exchanges occur. In addition, the exchanges of energy
within atmosphere and the hydrosphere was missing as well. Lastly, Canan could not
be able to identify the sub-cycle-d that covers the carbon and energy exchanges
among the terrestrial system, atmosphere and the hydrosphere. Hence, although it
was observed that Canan hold a cyclic perception considering the carbon cycle, she
could be able to show a partial understanding of exchanges of carbon in the three sub-
cycle (-a-b-c) in the carbon cycle. Even if, she was aware that energy should be
exchanged among the carbon reservoirs, there were no energy exchanges and
transformations observed while the carbon cycles through the carbon cycle.
Therefore, she was classified as developing level for understanding the cyclic nature

of the carbon cycle.
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4.1.2.6. STS-6-The ability to recognize hidden dimensions of the system

In this level, it is expected from participants to recognize the hidden dimensions of
the carbon cycle system. This ability means that identifying relationships that are not
seen on the surface. In the context of this study, while analyzing the hidden
dimensions in the carbon cycle mainly focused on the recognizing interrelationships
among the various Earth cycles such as water cycle or nitrogen cycle. This level
analyzed via through the interview questions and drawings that investigated the
interrelationships among the various Earth cycles from multiple scales. According to
the answers, she was classified as pre-aware, emerging, developing or mastery.

Interviewer: “Is there any relationship among the carbon cycle and the other
Earth cycles?”

Canan: “Yes, I mean, there should be... there should be connections among
the cycles...Hmm... I am sure that there are connections among the various

cycles such as water cycle and carbon cycle...but, I cannot explain them.”

It was observed Canan was aware that the Earth cycles connected with each other. In
her drawing, it was obtained ocean as a part of the water cycle as well. However, she
could not identify the relationships among the water and carbon cycle. Moreover,
even though she was able to consider molecular movement in the terrestrial system
and the atmosphere through CO2 and methane via the processes of photosynthesis,
respiration and decomposition (STS-5), she could not be able to consider microscopic
scales in the carbon cycle in a way to relate other Earth cycles. Additionally, she was
not able to consider carbon movement in carbon cycle at a macro-scale relating all
the three sub-systems including terrestrial system, hydrosphere and the atmosphere
(STS-5). Hence, she could not be able to identify the interrelationships among the
various Earth cycles. Therefore, since she was only aware of connections among the
cycles of the Earth but could not be able to recognize them at multiple scales, Canan

was classified as emerging level for the sixth system thinking level.
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4.1.2.7. STS-7-The ability to make generalizations

In this level, generalization might be expressed within the carbon cycle system by the
understanding that this system is dynamic and cyclic. In the context of carbon cycle,
that understanding implemented on discussing the how environmental issues (i.e.
global warming, climate change) occurred such as the current imbalances among the
processes within the carbon cycle’s sub-systems including terrestrial system,
hydrosphere and atmosphere. This level, it was analyzed the participant’s ability to
identify current imbalances of the carbon cycle process with referring the feedback
mechanisms among the components in three sub-systems of carbon cycle while
discussing the global environmental issues. The seventh system thinking skill which
is described as the ability to make generalizations was analyzed by the interview
questions. A series of interview questions asked to the participant to analyze her
understanding of generalizations in the context of carbon cycle. According to the
answers, she was classified as pre-aware, emerging, developing or mastery.
Interviewer: “What can you say when I want you to talk about the climate
change?”

Canan: “Climate change is a global environmental problem which causes a
shift in the climates results in the extreme weather patterns.”

Interviewer: “Is there any relationship between climate change and the carbon
cycle?”

Canan: “Yes, there is. For example, because of climate change wildfires
among forests are common. There plants who perform photosynthesize and
respiration in the forests. Therefore, carbon cycle is affected. | do not know,
the exact effect of climate change on the carbon cycle or vice versa. When the
temperature rises in the atmosphere because of the climate change effects,
glaciers will be melted. Hence, the aquatic plants will be affected. Somehow,
I cannot explain how, carbon cycles balance will be disturbed.”

It was observed that Canan identified the connection between the climate change and
the carbon cycle. She was aware that the balance of the carbon cycle was disturbed
with the consequences of the climate change. On the other hand, she could not be
able to recognize climate change is caused by the imbalance of the processes in the
carbon cycle. Moreover, there were no signs feedback mechanisms among the

components rather than one-way cause and effect relationships among rising
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temperature-melting glaciers and aquatic plants between the hydrosphere and
atmosphere without describing how effected aquatic plants in turn effects the system.
Therefore, she could not be able to identify the feedback mechanisms among the all
three sub-systems of carbon cycle that causes the current imbalance of the carbon
cycle processes which then results in climate change. Hence, she was classified as

emerging for the making generalizations in the carbon cycle system.
4.1.2.8. STS-8- The ability to think temporally: retrospection and prediction

In the context of the carbon cycle, this level means that Understanding that some of
the presented interaction within the system took place in the past, while future events
may be a result of present interactions (Ben-Zvi Assaraf, 2003). In the context of
carbon cycle, such understandings could be implemented in cases such as industrial
revolution effect on the increasing concentration of CO, throughout the decades or
predict consequences of population growth on the CO2 concentration in the

atmosphere for the upcoming ages (Batzri et al., 2015; Zangori, et al., 2017).

The eighth system thinking skill which is described as the ability to think temporally:

retrospection and prediction was analyzed by the interview questions.

A series of interview questions asked to the participant to analyze her ability to think
temporally: retrospection and prediction in the context of carbon cycle. According to

the answers, she was classified as pre-aware, emerging, developing or mastery.

Interviewer: “What is the effect of humans on the carbon cycle?”

Canan: “I think, they [humans] effect carbon cycle in a bad way. For example,
a thousand years ago, there were no factory on the Earth. The carbon level in
the atmosphere was not that much high. After that, we build up factories which
released CO> to the atmosphere and raised the level of atmospheric
temperature. Hence, now glaciers are melted which affected the life on the
Earth negatively. Therefore, the effect of humans in the carbon cycle is
unfavorable.”

It was observed that Canan could be able to think retrospectively on the carbon cycle
which she described the consequences of building factories on increasing level of

atmospheric temperature.
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Her answer showed that she was recognize the past (absence of factories) of the
carbon cycle to explain a current phenomenon (melting glaciers because of excessive
COz release caused by factories). Therefore, since she described a relationship on the
carbon cycle considering in the two-time spans (past-present) on the today’s glaciers
meltdown, Canan was classified as developing level for the eighth system thinking

level.
4.1.3. Canan’s Definition of System

Canan’s description of system included the properties interactions of components
among the system. She mentioned that a system should be dynamic while explaining

the system. The description of a system according the Canan is given in below.

“When we talk about systems, we are talking about components and their
interactions within a framework which includes dynamism as well.
Concerning the carbon cycle, we mentioned about the movement of carbon
among the components of the carbon cycle which defines both dynamism and

interaction”
4.1.4. Canan’s Summary of Systems Thinking Skills

Canan could not be classified as mastery level for any system thinking skills. She
classified as developing level for the STS-1, STS-2, STS-5, STS-8 concerning the
system thinking abilities in the carbon cycle. On the other hand, considering the other
system thinking skills (including STS-3, STS-4, STS-6, STS-7), she was classified as
emerging level. The description of system definition she gave revealed that she had
a system understanding considering the system thinking with referring the
interactions and dynamism in the carbon cycle. However, could not be able to
implement her understanding of system to the carbon cycle context. Summarization

of Canan’s system thinking analysis were presented in the Table 4.8.
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Table 4.8

Summary of Canan’s System Thinking Levels

System thinking skill

Level

STS-1- The ability to identify the
components of a system and processes
within the system

STS-2- The ability to identify simple
relationships between or among the
system’s components.

STS-3- The ability to identify dynamic
relationships within the system.

STS-4 The ability to organize the
systems’ components, processes, and
their interactions, within a framework
of relationships.

STS-5 The ability to identify cycles of
matter and energy within the system—
the cyclic nature of systems.

STS-6 The ability to recognize hidden
dimensions of the system.

STS-7 The ability to  make
generalizations
STS-8 The ability to think temporally:

retrospection and prediction.

Developing

Developing

Emerging

Emerging

Developing

Emerging

Emerging

Developing
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4.2. Case 2: Melisa
4.2.1. Melisa’s Demographic Data

Melisa is 24-year-old senior student from elementary science education department
in the one of the well-known universities in the Turkey. She grown up and currently

live in one of the major cities of Turkey.

Melisa passed all the courses which are mandatory in the undergraduate curriculum
including organic chemistry, analytic chemistry, biology, physiology, physics,
geology and environmental education. In addition, she took elective sustainability

courses.
4.2.2. Melisa’s System Thinking Skills

Melisa’s system thinking levels were analyzed according with the three data
collection tools which are interviews, drawings and concept map. Results were

presented for each system thinking level.
4.2.2.1. STS-1 Identify system components and processes within the system

In this level, it is expected from participants to identify the components and processes
within the Carbon Cycle. The investigation of this level was conducted on the data
observed throughout the interviews and drawing in terms of three categories that is
described in the context of carbon cycle as the atmosphere, the hydrosphere and the
terrestrial system. The main intention to perform such categorization is to understand
participant’s perception of carbon cycle as a complex system through components
whether she could define multiple components on the three categories including
terrestrial, hydrosphere and atmosphere or not. The drawing that Melisa draw were

presented in Figure 4.3.
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Figure 4.3. Melisa’s Drawing of Carbon Cycle

The first level of system thinking model encompasses the ability to identify processes
of in a system as well as identifying components in the system. Processes such as
photosynthesis, respiration, combustion, decomposition, food webs or formation of
carbonate shells etc. were included in the carbon cycle. As is the analysis of the
components, the processes of the carbon cycle were investigated on where they
identified on the three sub-systems; terrestrial system, hydrosphere or atmosphere. A
brief summary of the components that Melisa identified was categorized and listed in
the Table 4.9.
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Table 4.9
Table 4.9 Identified components by Melisa

Categories Components within carbon cycle Number of
components
Terrestrial System Plant, tree, humans, animals, cow, 20

glucose, garbage, asphalt, food, plane,
coal, decomposers, cars, factory,
industry, plane, houses, water, animal

(human) waste

Hydrosphere System lake, cyano bacteria, fish, seashells 4

Atmosphere methane, carbon dioxide, carbon mono- 5

oxide, oxygen, greenhouse gases

Interviewer: “What are the components of the carbon cycle?”

Melisa: “The components of the carbon cycle are plants, trees, animals,
humans. They are the first components comes into my mind. Moreover, there
are also cars and factories present in the carbon cycle. Moreover, we can say

decomposers, coal in here as well.”

As it can be seen in the Table 4.9, Melisa mainly focused on the Terrestrial part in
the carbon cycle system (twenty components). Moreover, she identified four
components in the Hydrosphere and five components in the Atmosphere. Melisa
identified multiple components on the three category which shows that she
considered all the sub-systems of the carbon cycle system. Therefore, she classified

as mastery level for the components of the carbon cycle system.

When it is asked about the processes in the carbon cycle (Question 4), she identified
the processes both on interview and drawing. The processes she identified were listed
in Table 4.10.
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Table 4.10

Identified processes within the carbon cycle by Melisa

Category Processes within the Carbon Cycle
Terrestrial System Photosynthesis,
respiration,

decomposition,
digestion,
food chain,

combustion

Hydrosphere system Photosynthesis,
respiration,

formation of carbonate shells.

Atmosphere -

Interviewer: “Can you identify the processes within the carbon cycle?”

Melisa: “From the very beginning of the Earth, life began respire to produce
CO2 in order to break down organic material [respiration]. At the end of the
process carbon and hydrogen combined to form CO2. Moreover, CO> used by
the plants, trees and cyano-bacteria in photosynthesis. In addition, humans
burn coal in their houses [combustion]. Moreover, decomposers break down
organic material in the dead organism but, I cannot remember whether they
release CO2 or not [decomposition]. In addition, cow eat plants and we
[humans] eat cow which at the end cow and humans produce CO; [food
chain]. Moreover, when we eat, that organic molecule needed to break down
into smaller ones in order to move into cells which produce CO> during the
process[digestion]. In addition, some marine organisms have shells and their
shells made up of cellulose which is a type of carbohydrate. Thus, in some
way they [shells] had to form [formation of carbonate shells]. However, |
cannot explain how forms.

It was observed that Melisa mainly identified processes related to terrestrial system
(six processes). In addition, she defined three processes in the hydrosphere system.
On the other hand, no atmospheric processes considering the carbon cycle could be
identified.
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Thus, Melisa could be able to identify processes on two sub-systems in the carbon
cycle including terrestrial and hydrosphere system. Therefore, she classified as
developing level for the process within the carbon cycle.

In brief, it was observed that Melisa mainly concentrated on the terrestrial system
with identifying twenty components. In addition, she identified components related
with all three sub-systems of the carbon cycle referring four components on the
hydrosphere and five components on the atmosphere. On the other hand, she only
could be able to identify processes related with the two sub-systems of the carbon
cycle in relation with terrestrial system (6) and the hydrosphere (4). Therefore, Melisa
was classified as developing level for the STS-1. A summary table that include
Melisa’s ability to identify both processes and components within the system was

presented in the Table 4.11.
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4.2.2.2. STS-2 The ability to identify relationships among the components within
the system

In this level, the relationships within the carbon cycle were analyzed. The
relationships were investigated on the three sub-systems of the carbon cycle. The
analysis of this level was concentrated on the relationships among the components
that are belonging to the three sub-systems in the carbon cycle including terrestrial,
hydrosphere and atmosphere. In addition, cause and effect relationships were
investigated among the components to observe the casuality in the carbon cycle
system (Lee,2015). Interview questions were used to analyze the second system
thinking skill. According to the answers, she was classified as pre-aware, emerging,
developing or mastery. A brief summary of Melisa’s ability to identify relationships

among the components of the carbon cycle were presented in the Table 4.12.

Detailed analysis of the interviews was presented in the following part. The responses
Melisa gave during the interview revealed that she mainly considered the terrestrial
part of the carbon cycle while identifying relationships. In addition, relationships
considering the other parts of the carbon cycle were observed as well. On the other
hand, she could be able to identify one relationship including cause and effect
relationship among using fossil fuels in planes and cars as a cause for increasing CO2
level in the atmosphere. The other relationships just identified as a simple linear

relationship without referring any causality.

Interviewer: “What are the relationships among components in the carbon
cycle?”

Melisa: “The first thing comes in my mind is photosynthesis. Plants take CO>
from the atmosphere and produce their [plants’] own food. In addition to
plants, cyano-bacteria in the lakes do photosynthesis. | think they [cyano-
bacteria] use dissolved CO: in the water, but I am not sure. Beside
photosynthesis, cow, humans, plants all of them do respiration which is a
process give out CO> to the atmosphere. | think fish uses dissolved oxygen in
the water for respiration and give out CO> to the water. Moreover, methane
released from the garbage resulted from decomposers activities. Factories
released CO- to the atmosphere. We burn coal in our homes which releases
CO.. In addition to coal, we use different forms of fossil fuels such as gasoline
in (driving) cars that release CO; to the atmosphere.”
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It was observed that Melisa identified relationship among the terrestrial system
components (plants, atmosphere, CO2, atmosphere, food) via the process of
photosynthesis. In addition, she identified a relationship among terrestrial system
components (plants, cow, humans) and atmosphere (CO2) through the process of
respiration. Additionally, Melisa identified a relationship between the terrestrial
system component (decomposers, garbage) and the atmosphere (methane) via the
release of methane gas to the atmosphere via the process of decomposition.
Moreover, she identified relationships among the terrestrial system components
(house, coal, factory, (driving) cars and the atmosphere (CO2) through the process of
combustion while CO- is released to the atmosphere. Additionally, she identified
cyano-bacteria in hydrosphere which perform photosynthesis by using the dissolved
CO: in the water. By this way, she identified a relationship occurring between the
hydrosphere components (cyano-bacteria, dissolved CO2). In addition to the
relationship between cyano-bacteria and the dissolved CO2, Melisa identified a
relationship among hydrosphere components fish and dissolved oxygen in the lake

over the process of respiration.

Melisa continued to identify relationships with questions in the interview.
Interviewer: “Do you want to add anything to the relationships in the carbon
cycle?”

Melisa: “I can add human activities. We [humans] produce carbon while we
are using planes and cars, we use fossil fuels which causes an increase the
level of CO> in the atmosphere.”

It was observed that Melisa identified only one cause and effect relationship among
the terrestrial system components (plane, cars, fossil fuels) and the CO; in the
atmosphere through the combustion of fossil fuels which described as influence the
increase on the atmospheric level of CO». The cause was identified as the using fossil

fuels in planes and cars which effects the level of CO; in the atmosphere.

In conclusion, investigation of the second level of system thinking revealed that
Melisa identified relationships among the components located in the two-subsystems
which are terrestrial system and the atmosphere as well as among the components of
the hydrosphere.
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The hydrosphere part of the relationships seemed to be perceived as separately with
no relation to the terrestrial system and the atmosphere. On the other hand, only one
cause and effect relationship could be identified which was among the components
of terrestrial system and the atmosphere. Therefore, since Melisa could able to
identify relationships among the two-subsystems of the carbon cycle (terrestrial
system and the atmosphere) with referring only one cause and effect relationship, she
classified as developing level for the STS-2.

4.2.2.3. STS-3 Identifying Dynamic Relationships in the System

In this level, dynamic relationships within the carbon cycle were investigated. In this
study, dynamism in the carbon cycle means identifying carbon fluxes among the
carbon pools which includes transportation and transformation of carbon. In this
level, dynamic relationships analyzed over the transportation and transformation
carbon among the carbon pools that are classified into sub-systems of the carbon
cycle including the terrestrial system, the hydrosphere and the atmosphere. The third
system thinking skill were analyzed over the interview questions. According to the

answers, she was classified as pre-aware, emerging, developing or mastery.

The analysis demonstrated that Melisa identified dynamic relationships on the among
the terrestrial carbon pools (animals, plants, decomposers) and the atmosphere
mainly. In addition, she identified dynamic relationships among the hydrosphere as
well. On the other hand, she could not be able to identify any dynamic relationships
related with the atmosphere.A brief summary of Melisa’s ability to identify
relationships among the components of the carbon cycle were presented in the Table
4.13.
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The table demonstrated that Melisa could be able to identify dynamic relationships
in between terrestrial system carbon pools (plants, animals, decomposers) and
atmosphere through the processes of photosynthesis and respiration. The dynamism
she identified among the terrestrial system and atmosphere pools included
transportation and transformation except for decomposers. She only could be able to
identify the transportation of carbon concerning the dynamism related with
decomposers and atmosphere. In addition, she was able to identify dynamic
relationships concerning the hydrosphere pools (cyano-bacteria-dissolved CO; and
fish- dissolved oxygen). However, she struggled to refer transportation of carbon in
the hydrosphere. Dynamic relationships considering atmosphere, she was not able to
define any. The analysis continued with the interview questions investigating the

relationship among the carbon pools that Melisa defined in the STS-1.

Interviewer: “What happens to carbon in the plants?”

Melisa: “Plants take CO> form air to do photosynthesize. During this process,
food is produced. | think, plant converts carbon in the CO; to the carbon in
the food.”

Interviewer: “What happens to carbon in animals?”’

Melisa: “Animals do respiration. They [animals] release CO2 during the
respiration process. | think, during the respiration process, the carbon in the
food transform into carbon in the CO.. Then, COz released to the air.”

Interviewer: “What happens to carbon in the decomposers?”

Melisa: “They [decomposers] somehow releases CO> to the air resulting from
their [decomposers’] activity in such as garbage. Decomposers break down
wastes such as human waste and released CO: to the air as well. They break
down organic material to its’ constituents, but I cannot explain how they
decompose the material.”

Interviewer: “What happens to carbon in the water (lake)?”

Melisa: “There are cyano-bacteria in the lake which do photosynthesis using
dissolved CO2 in the water. In addition, If | am not wrong, | think there are
seashells in the water. | remember that their [seashells’] shell made up of
cellulose which includes carbon.”

Interviewer: “What happens to carbon in the atmosphere?

Melisa: “I do not know. It [CO2] stays in the atmosphere. Why CO> should
return to the below [terrestrial part and ocean]. | think, it [CO] stays in the
atmosphere.”
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Overall, it was observed that Melisa could be able to identify dynamic relationships
among the terrestrial system and atmosphere carbon pools (plants-atmosphere, and
animals-atmosphere) through the processes of photosynthesis and respiration with
referring the transportation and transformation of the carbon. In addition, she could
be able to identify dynamic relationship among the terrestrial system (decomposers)
and atmosphere with only referring the transportation of carbon. Moreover, dynamic
relationships among the hydrosphere (cyano-bacteria, dissolved CO2 and fish and
dissolved oxygen) were identified over the processes of photosynthesis and
respiration in the water referring partially transformation of carbon. On the other
hand, no dynamic relationship was identified in the atmosphere part. Moreover, it
was observed that she perceived the atmosphere part of the carbon cycle separately
as static, not a dynamic part. Therefore, since Melisa could be able to identify
dynamic relationships between two-subsystems including terrestrial pools and the
atmosphere with referring the transportation and transformation of carbon, she was
classified as developing level for the STS-3 (See Table 4.13).

4.2.2.4. STS-4 Organizing the systems’ components, processes, and their

interactions, within a framework of relationships

In this level, organizing the components and processes of carbon cycle within a
framework of relationships were intended to analyze. Therefore, it is important to
underlie the connections among more than two components for organizing the
components and processes and their interactions within a framework which describe
a carbon cycle system. Hence, this level was analyzed through the concept maps
which seeks for the interactions among the carbon cycle parts. In this level, it was
asked participant to write the 12-words concerning carbon and to draw a concept map
that relates those concepts to each other.

Interviewer: “What comes in your mind when I say carbon?”

Melisa: “I can say CO2, CO, and green-house gases since they include
carbon. In addition, I can say plants produce carbo-hydrates such as glucose
through the processes of photosynthesis which also produce oxygen.
Moreover, plants also perform respiration. In addition, we can say organic
chemistry which interested in organic compounds such as methane and
methyl.”
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Interviewer: “Can you draw a concept map that relates those concepts to each
other?”

The concept map she had drew was presented in the Figure 4.4.

Figure 4.4. Melisa’s Concept Map

It was observed that Melisa could be able to identify connections among concepts
with more than two concepts (seven concepts). Moreover, it seemed that she
described her drawing included two processes. The interactions among the concepts
that are related with more than two concepts were mainly described through the
photosynthesis and respiration. The concepts that she discussed in the concept map
was summarized in the Table 4.14. It was obtained that the interactions among the
concepts (components and processes) observed in the terrestrial and atmosphere part
of the carbon cycle system.
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Table 4.14

Melisa’s Ability to the Systems’ Components, Processes, and Their Interactions,

Within a Framework of Relationships

Dimensions within the

concept map

Examples

Number of the concepts

Terrestrial system

Atmosphere

Hydrosphere

Miscellaneous

Processes

Concepts related more

than two concepts

Carbon-hydrate
glucose,

COy,

O,
green-house-gas,
CO
Carbon,
Organic chemistry,
Organic compounds,

CHa,

methyl,

Photosynthesis,
respiration,
COy,
Carbon,
organic compounds,
glucose,

respiration,

0.,

Photosynthesis
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On the other hand, even though she could be able to identify hydrosphere part in the
carbon cycle in STS-1, and STS-2, no concepts were observed related to hydrosphere
part of the system. Therefore, hydrosphere part was absent in her framework.
Moreover, as in the STS-1 and STS-2, no atmospheric processes were identified.
Hence, her concept map was lack of consideration interactions among the
atmosphere-terrestrial system with hydrosphere in a framework of relationships.
Therefore, since she only described a framework relating terrestrial system and
atmosphere, but failed to connect hydrosphere to this framework, she classified as
developing level for the STS-4 (See Rubric in Table 3.2).

4.2.2.5. STS-5 Understanding the cyclic nature of the systems

In this level, participant’s understandings of cyclic nature of the carbon cycle system
were analyzed. Therefore, in this context, participant’s understanding of exchanges
matter and energy via transformation of carbon and energy among the four-sub-cycles
located in the sub-systems of the carbon cycle was examined. The fifth system
thinking skill which is described as understanding the cyclic nature of the carbon
cycle system were analyzed by the interview questions and the drawings. According
to the answers, she was classified as pre-aware, emerging, developing or mastery.The
drawing that Melisa drew was presented in the Figure 4.3 (See p. 76). The

components and the processes in the drawing was summarized in the Table 4.15.

In her drawing, it was observed that Melisa mainly identified terrestrial system
components with eleven components. Moreover, she identified three components
related with hydrosphere and two components with the atmosphere. In addition, she
identified the Sun as a component in her drawing. The exchange of carbon among the
considering the carbon pools were observed only atmosphere and plants which
encompassed the terrestrial system and the atmosphere. Apart from that exchange of
carbon between plants and atmosphere, the carbon exchange among the other carbon
pools were described as “inputs” or “outputs” without referring the source of the

input.
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Table 4.15

Components and Processes identified by Melisa in her drawing

Sub-systems of Carbon Components

cycle

Processes

Terrestrial system

Atmosphere

Hydrosphere

Miscellaneous

Cow, human, tree,
factory, garbage, grass,
human waste, house,
plane, car, asphalt

CO3, CH4

lake, fish, cyano-bacteria

The Sun

Photosynthesis,
respiration, combustion,

decomposition

Photosynthesis,

respiration

Therefore, her drawing revealed lack of cyclic understanding considering the flow of

carbon among the three-sub-system of the carbon cycle apart from exchanging carbon

between plants and the atmosphere. Two interview question was asked to investigate

whether the participant hold a cyclic perception considering the carbon cycle.

Interviewer: “Is there a starting point for the carbon cycle?”

Melisa: “No, there is no starting point or end points for the carbon cycle.
However, if we back to millions of years ago, | think carbon cycle begins with
the photosynthesis. The CO2 is taken from the air and food is produced. Then,
respiration takes place. Carbon in the food go back into atmosphere. By
cycling the carbon, life evolved and became diversified. Thus, the starting
point of the carbon cycle is where the time that photosynthetic organisms were

formed.”
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Interviewer: “Is there an end point for the carbon cycle?”

Melisa: “No, I there are no end points for the carbon cycle.”

It was observed that Melisa tried to describe a starting point for the carbon cycle by
referring the evolution of life on the Earth. She defined formation of photosynthetic
organism as a starting point for the carbon cycle through the first process of
photosynthesis and then respiration. According to the experts, emphasizing on there
are no starting or end points for the carbon cycle except for considering the first
processes that describe early stages of carbon cycle via evolution of life on Earth such
as “carbon cycle begins with the photosynthesis..., after respiration takes place”
considered as an indicator for cyclic perception concerning the carbon cycle (Batzri
etal., 2015).

The analysis of this level continued with the interview questions that analyzed the
exchange of carbon and energy among the four-sub-cycles of the carbon cycle

system.

Interviewer: “How carbon reaches to the air?”

Melisa: “I am not sure, but I think maybe through respiration. Plants and
animals do respiration which released CO2 to the air. There is decomposition
process [in the carbon cycle] which release methane to the air as well.
Moreover, CO2 is released by the factories, cars and plane too.”

Interviewer: “How carbon reaches to the plants?”

Melisa: “They [plants] take carbon from the air in the form of CO2. Then,
through the photosynthesis, it [CO2] turns into carbon in the food. Then,
plants perform respiration which CO2 is released to the atmosphere.”

Interviewer: “How carbon reaches to the animals?”

Melisa: “Animals take carbon through foods when they [animals] eat plants.
Carbon in the food goes to animals, and throughout the respiration, CO2 is
released to the air.”

Interviewer: “How carbon reaches to the decomposers?”

Melisa: “I do not know, how it reaches. I cannot explain. However, through
decomposition methane is released to the air.”

Interviewer: “How carbon reaches to the lake?”

Melisa: “We mentioned about seashells in the water which include cellulose
a type of carbon...hmm... However, I cannot explain how they formed. I do
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not know, but carbon should be reach to the water since there are cyano-
bacteria in the lake perform photosynthesis which require CO2. Thus, carbon
is present in the water. Maybe, during respiration fish releases CO2 and
cyano-bacteria use that CO2, but | am not sure.”

Interviewer: "How humans use carbon?”

Melisa: “We burn fossil fuels, when we burn fossil fuels while using cars and
planes which releases CO2 to the air. Moreover, we use fossil fuels factories
and our houses as well. All these actions release CO2 to the air.

Interviewer: “What makes carbon to move in all this action?”

Melisa: “I think it is about carbon’s tendency to make bonds with other
elements. For example, In the water, carbon reacts with the water, | cannot
explain what happens when they react. On the other hand, this tendency of
making bond with other elements make carbon move.”

It was observed that Melisa could be able to identify the sub cycle (a) which describe
exchange of carbon among the terrestrial system pool and the atmosphere. She
recognized the exchange of carbon from air [atmosphere] to plants through the
process of photosynthesis as in the form of CO2 and from plants to air as in the form
of CO2. Moreover, she could be able to identify exchange of carbon through
decomposer to air via the process of decomposition as in the form of methane gas. In
addition, she could be able to describe the way that carbon reaches to the animals
from plants through the food chain which transform carbon among the two terrestrial
pools (plants-animals). On the other hand, Melisa could not be able to recognize how
carbon reaches to the decomposers. Even if, she could trace carbon from decomposers
to air, she had no clue concerning the way carbon reach the decomposers. In short,
she could be able to identify the exchange of carbon among the sub-cycle-a which is
in the terrestrial system (animals-plants) and atmosphere (CO2) through the processes
of photosynthesis, respiration and food chain. In addition, she partially identified the
exchange of carbon among the decomposers and the atmosphere through the process
of decomposition without referring how carbon reached to the decomposers. On the
other hand, even though she added the Sun in her drawing, no energy transformation
was included in her description of sub-cycle-a such as transformation of solar energy

into chemical energy during photosynthesis.
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Moreover, in the context of sub-cycle-b which described the exchange of carbon
among the terrestrial system and the atmosphere reservoirs, Melisa could only be able
to identify the partial exchange of carbon from usage of fossil fuels (in factory, plane,
cars, houses) to atmosphere through the process of combustion. On the other hand,
there were no exchange of carbon among the dead organisms to fossil fuels in the soil
was observed. Her description included only the usage of fossil fuels and releasing of
CO2 to the atmosphere without referring how carbon exchanged in the soil. Thus, she
only could be able to partially describe the sub-cycle-b with no energy exchanges

among the different carbon reservoirs such as chemical energy to thermal.

In addition, she was aware that carbon should be exchanged among the atmosphere
and the hydrosphere (lake) in the sub-cycle-c. However, she could not be able to
describe the way of carbon through atmosphere to the lake and vice versa referring
to the process of diffusion. Although she identified the processes such as
photosynthesis and respiration in the lake, it seemed that she could only be able to
describe the exchange of carbon in hydrosphere as a separate cycle, with no
interaction with the atmosphere. In addition to exchange of carbon among the carbon
reservoirs, Melisa could not describe any energy exchanges among the hydrosphere
and atmosphere including solar energy turns into chemical and kinetic energy turns

into potential; potential energy turns into Kinetic.

Moreover, sub-cycle-d which considers the exchange of carbon and energy among
the different reservoirs of terrestrial system, hydrosphere and the atmosphere could
not be observed. Even if she identified the seashells as a component in the
hydrosphere which the shells made up of cellulose, Melisa could not be able to track
it [carbon in the cellulose] in the water referring to the process such as dissolution of
CO2 in the atmosphere and formation of seashells which then go deep in the water to
form surface layer consisting of sediments (organic materials). In addition, she could
not be able to describe any energy exchanges among the various reservoirs of the sub-
systems carbon cycle such as gravitational potential energy (e.g. sediments and water)
turns into kinetic; geothermal energy powers plate tectonics which transferred to

atmosphere and the space.
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In brief, Melisa could be able to identify the sub-cycle-a which describes the
exchange of carbon among the terrestrial system (plant-animal, decomposers) and the
atmosphere (CO2, methane) with referring the processes of photosynthesis,
respiration, food chain, and decomposition. On the other hand, she could not describe
how carbon reaches to the decomposers. Since the processes in the soil was absent,
she could not be able to define any exchanges of carbon including the soil. In addition,
there were no energy exchange described in her interview concerning the sub-cycle-
a. Moreover, she could be able to partially describe how carbon exchanged among
the reservoirs of the considering the sub-cycle-b by identifying the exchange of
carbon from the fossil fuels to the air as in the form of CO2. However, there were no
energy exchange described in the sub-cycle-b. Additionally, it was observed that she
was aware that carbon should be exchanged among sub-cycle-c located in the
hydrosphere and atmosphere, but failed to describe how carbon exchanged occurred
with referring the process of diffusion. Although she could be able to identify
processes such as photosynthesis and respiration, she could not be able to define how
carbon exchanged among atmosphere and the hydrosphere. In addition, no energy
exchange among the atmosphere and hydrosphere was obtained. Moreover, it was
seemed that she could not be able to describe the sub-cycle-d which describes the
carbon and energy exchange among the terrestrial system, hydrosphere and the
atmosphere. Therefore, since she could be able to partially describe exchange of
carbon in the sub-cycle-a-b-c without referring any energy exchanges, she classified

as developing level for the STS-5 (See rubric in Table 3.2).
4.2.2.6. STS-6-The ability to recognize hidden dimensions of the system

In this level, recognizing the hidden dimensions of the carbon cycle system were
analyzed. In the context of this study, hidden dimensions in the carbon cycle were
considering as the recognizing connections among the different Earth cycles at
multiple scales including macroscopic and microscopic. Therefore, in this level,
interrelationships among the Earth cycles were analyzed through the interview

questions and drawings.
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Interviewer: “Is there any relationship among the carbon cycle and the other
Earth cycles?”

Melisa: “I think carbon cycle is related with the water cycle. I am not sure,
but in photosynthesis, plants use water as well as CO2. However, | cannot
explain what happens after. On the other hand, I can say there is a relationship
between carbon cycle and water cycle.”

Interviewer: “Do you want add anything to the question?”

Melisa: “All the cycles are related. Carbon cycle-water-cycle-nitrogen cycle,
they are all related. However, | have not considered how they related until
now.”

It was observed that Melisa was tried to describe the relationship among carbon cycle
and water cycle at microscopic scale with referring the molecule movements in the
carbon cycle. However, she struggled recognize the water and carbon movement
across the carbon cycle although she identified lake as a component in the water
cycle. In addition, any relationship concerning the macroscopic scale which includes
carbon across terrestrial system, hydrosphere and atmosphere could not be identified.
In addition, although she was aware that all the Earth cycles related to each other, she
was not able to describe any apart from the relation between carbon cycle and water
cycle. Hence, she was only aware of connections among the cycles of the Earth but
could not be able to recognize them at multiple scales. Therefore, Melisa was
classified as emerging level for the STS-6 (See Rubric in Table 3.2).

4.2.2.7. STS-7-The ability to make generalizations

In this level, ability to make generalization within the carbon cycle system were
analyzed. In the context of carbon cycle, this ability implemented on discussing the
how today’s environmental problems emerged referring to the current imbalances
among the processes within the carbon cycle’s sub-systems including terrestrial
system, hydrosphere and atmosphere. In this level, participant’s ability to identify
feedback mechanisms on explaining the current imbalances among the carbon cycle
when discussing environmental issues were investigated. According to the her

answers, she was classified as pre-aware, emerging, developing or mastery.
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Interviewer: “What can you say when I want you to talk about the climate
change?”

Melisa: “Climate change is caused by the greenhouse gases. When green
house gases accumulated in the atmosphere, the atmospheric temperature
rises. After that, shifts in climate will be observed.”

Interviewer: “Is there any relationship between climate change and the carbon
cycle?”

Melisa: “Of course, there is. The component of climate change is the
components of carbon cycle as well. For example, trees do photosynthesis
which removes CO2 from the air. In that way, they slow down the global
warming, which helps to deal with climate change.”

It was seemed that Melisa could be able to identify climate change over the two-
subsystems of the carbon cycle including terrestrial system (plants) and atmosphere
(COy) via the process of photosynthesis. On the other hand, the climate change and
global warming were not discussed through the imbalances of processes in the carbon
cycle. Moreover, she was only able to define one-way-cause and effect relations
instead of feedback mechanisms such as greenhouse gases causes rise in atmospheric
temperature which results in climate change and removing CO2 from the air by
photosynthesis causes slowing down global warming which leads to deal with
climate change. The one-way casual relationships did not include how climate change
in turn effects the system components. Therefore, Melisa could not be able to identify
the feedback mechanisms among the all three sub-systems of carbon cycle that leads
to the current imbalance of the carbon cycle processes which then results to climate

change. Hence, she was classified as emerging for the STS-7.
4.2.2.8. STS-8- The ability to think temporally: retrospection and prediction

In the context of the carbon cycle, this level means that understanding that past is the
key to explain the present state of the system while the present is to key to understand
the future. Such understandings could be implemented in cases such as industrial
revolution effect on the increasing concentration of CO> throughout the decades or
predict consequences of population growth on the CO. concentration in the

atmosphere for the upcoming ages.
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This level was analyzed by the interview questions. According to the answers, she

was classified as pre-aware, emerging, developing or mastery.

Interviewer: “What is the effect of humans on the carbon cycle?”

Melisa: “We [humans] affect the carbon cycle negatively. For example, global
warming always warmed the Earth. However, especially with the industrial
revolution, humans released carbon included gases such as CO2 to the air
which increases the rate of global warming. In addition, with the increasing
demands and reliance of humans on technology and industrial products, in the
future, 1 think we [human] will face more dangerous consequences of global
warming and hence climate change.”

It was observed that Melisa could be able to describe global warming by referring all
time spans- including past-present and future. She could be able to explain the
present situation of the global warming is caused by the industrial revolution
consequences such as releasing excessive amount of CO2 to the air in the past. In
addition, she predicted the future of the system by describing the more severe
consequences of global warming based on today’s increasing demand to the industrial
products. Therefore, since she was able to identify the all three-time spans (past,

present and future), she was classified as mastery level for the STS-8.
4.2.3. Melisa’s Definition of System

Melisa’s description of system included the properties interactions of components
among the system. She mentioned that a system should be dynamic and cyclic while
explaining the carbon cycle as a system. The description of a system according the
Melisa is given in below.
“Systems includes web of interactions among its components. For example,
considering the carbon cycle, the components of the cycle are in interaction.
Moreover, a system like carbon cycle should define a cycle with no end or

starting point [cyclic] as well as the movement of material among its
components [dynamism]”
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4.2.4. Melisa’s Summary of Systems Thinking Skills

Melisa was the only participant who classified as mastery level for a system thinking
skills (STS-8). She classified as developing level for the STS-1, STS-2, STS-3, STS-
4, STS-5 concerning the system thinking abilities in the carbon cycle. On the other
hand, considering the other system thinking skills (including STS-6, STS-7), she was
classified as emerging level. The description of system definition she gave revealed
that she had a system understanding considering the system thinking with referring
the interactions, dynamism and cyclicality in the carbon cycle. She could be able to
implement her understanding of system to the carbon cycle context in a degree.

Summarization of Melisa’s system thinking analysis were presented in the Table

4.16.

Table 4.16

Summary of Melisa’s System Thinking Levels

System Thinking Skills

Level

STS-1- The ability to identify the
components of a system and processes
within the system

STS-2- The ability to identify simple
relationships between or among the
system’s components.

STS-3- The ability to identify dynamic
relationships within the system.

STS-4 The ability to organize the
systems’ components, processes, and
their interactions, within a framework
of relationships.

STS-5 The ability to identify cycles of
matter and energy within the system—

the cyclic nature of systems.

Developing

Developing

Developing

Developing

Developing
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Table 4.16 (cont’d)

System Thinking Skills Level

STS-6 The ability to recognize hidden Emerging
dimensions of the system.

STS-7 The ability to make Emerging
generalizations

STS-8 The ability to think temporally: Mastery

retrospection and prediction.

4.3. Case 3: Mehtap
4.3.1. Mehtap’s Demographic Data

Mehtap is 25-year-old senior student from elementary science education department
in the one of the well-known universities in the Turkey. She grown up and currently

live in one of the major cities of Turkey.

Mehtap passed all the courses which are mandatory in the undergraduate curriculum
including organic chemistry, analytic chemistry, biology, physiology, physics,
geology and environmental education. In addition, she took one elective course

related to sustainability.
4.3.2. Mehtap’s System Thinking Skills

Mehtap’s system thinking levels were analyzed according to answers given to the
three data collection tools which are interviews, drawings and concept map. Results
were presented for each system thinking level.

4.3.2.1. STS-1 Identify system components and processes within the system

In this level, it is expected from participants to identify the components and processes
within the Carbon Cycle. This level is analyzed accordingly with the data obtained
from the interviews and drawing in terms of three categories that is described in the
context of carbon cycle as the atmosphere, the hydrosphere and the terrestrial system.

The drawing that Mehtap draw were presented in the Figure 4.5.
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Figure 4.5. Mehtap’s Drawing of Carbon Cycle

It was observed that Mehtap was able to identify nine components related with the
terrestrial system. In addition, she identified one component related with the
atmosphere. On the other hand, she could not be able to any components related with
the hydrosphere. Therefore, since she could be able to identify multiple components
only on the terrestrial system, she classified as emerging level for the identifying
components within the carbon cycle. A brief summary of the components that Mehtap
identified was categorized and listed in the Table 4.3.2.1.1.

106



Table 4.16
Identified components within the carbon cycle by Mehtap

Categories Components within carbon cycle Number of
components
Terrestrial System Plant, fossil fuels, 9
soil, humans,
fertilizers, animals,
decomposers animal waste,
tree,

glucose [food],

Hydrosphere System

Atmosphere carbon dioxide 1

Interviewer: “What are the components of the carbon cycle?”

Mehtap: “In the carbon cycle, we can say plants, humans, animals,
decomposers and COz as components. Other than that, we can talk about
fertilizers and fossil fuels in the soil.”

The first level of system thinking model encompasses the ability to identify processes
of carbon cycle as well as its components. The processes were analyzed on where
they were identified on including terrestrial system, hydrosphere or atmosphere,

which are the sub-systems of carbon cycle.

When it is asked about the processes in the carbon cycle, she identified the processes

both on interview and drawing. The processes she identified were listed in Table 4.17.
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Table 4.17
Identified processes within the carbon cycle by Mehtap

Category Processes within the Carbon Cycle
Terrestrial System Photosynthesis,
respiration,

decomposition,

food chain,

digestion,

combustion
Hydrosphere system -
Atmosphere -

Interviewer: “Can you identify the processes within the carbon cycle?”

Mehtap: “plants produce food during photosynthesis. Moreover, animals use
that food and do respiration which [animal] waste is produced... [In addition, ]
when they [animals] die, animals are consumed by the decomposers. | think,
that is all I can define for now.”

It was obtained that Mehtap identified six processes concerning the terrestrial system.
However, she could not be able to identify any processes related with the hydrosphere
and the atmosphere. Because she was able to identify processes only on terrestrial
system, she was classified as emerging level for ability to identify processes in the

carbon cycle.

In conclusion, it was observed that Mehtap was only concentrated on the terrestrial
system with identifying nine components and six processes. However, she could not
be able to identify any components and processes related with hydrosphere and
atmosphere parts of the carbon cycle. Therefore, Mehtap was classified as emerging
level for the STS-1. A summary table that include Mehtap’s ability to identify both
processes and components within the system was presented in the Table 4.18.
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4.3.2.2. STS-2 The ability to identify relationships among the components within
the system

In this level, it is expected from participants to identify the relationships among the
components within the carbon cycle. The relationships analyzed on three categories
such that include interactions of terrestrial, hydrosphere and atmosphere systems of
the carbon cycle with investigating casual relationship among the components which
is a system characteristic. Interview questions were used to analyze the second system
thinking skill. According to the answers, she was classified as pre-aware, emerging,
developing or mastery. A brief summary of Mehtap’s ability to identify relationships
among the components of the carbon cycle were presented in the Table 4.19.

Detailed analysis of the interviews was presented in the following part. The responses

Mehtap gave during the interview revealed that she considered the terrestrial part of

the carbon cycle while identifying two relationships. In addition, relationships

considering the in between terrestrial system and atmosphere (3) was observed which

including one causal relationship among the human, fossil fuels, CO2. On the other

hand, she could not be able to any relationships including hydrosphere system.
Interviewer: “What are the relationships among components in the carbon
cycle?”

Mehtap: “All the components of the carbon cycle are related with each other.
For example, plants take CO. from do atmosphere and do photosynthesize. In
addition, animals take food [glucose] from the plants and do respiration. In
addition, animals produce waste when they digest food. Moreover, when
animals die, decomposers consume them [animals]. | cannot remember what
happens after. However, | remember that when they die, the become fertilizers
for other plants. In addition, we [humans] uses fossil fuels which causes the
increase in COz level [in the atmosphere]”

It was obtained that Mehtap could be able to identify only one cause and effect
relationship among the terrestrial system components (humans) and atmosphere over
the process of combustion of fossil fuels as a cause to increase in the level of CO2 in

the atmosphere.
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In addition, it was observed that Mehtap only concentrated on the relationships
among the terrestrial system and the atmosphere. She was identified a relationship
among terrestrial system (plants, animals) and the atmosphere (CO.) through the
process of photosynthesis and respiration. In addition, she identified relationship
among terrestrial system components (plants, animals, glucose (food)) through the
process of food chain. In addition, she related terrestrial system components (animals,
animal waste, soil, decomposers) over the processes of digestion, burial and
decomposition. On the other hand, she could not be able to identify any relationships
considering the relationships among hydrosphere and atmosphere as well as the
relationships among the all three-sub-systems. Therefore, since she could be able to
identify relationships considering among the terrestrial system components and
between terrestrial system and atmosphere encompassing one casual relationship, she
classified as developing level for the STS-2 (See Table 4. 19).

4.3.2.3. STS-3 Identifying Dynamic Relationships in the System

In this level, dynamic relationships within the carbon cycle were investigated. In the
context of the study, dynamism interpreted as identifying carbon fluxes among the
carbon pools which includes transportation and transformation of carbon through the
sub-systems of the carbon cycle. Therefore, this level analyzed via the transportation
and transformation carbon among the carbon pools that are classified into sub-
systems of the carbon cycle including the terrestrial system, the hydrosphere and the
atmosphere. The third system thinking which is identifying dynamic relationship in
the system were analyzed over the interview questions. According to the answers, she

was classified as pre-aware, emerging, developing or mastery.

The analysis demonstrated that Mehtap identified dynamic relationships on the
among the terrestrial carbon pools (animals, plants) and the atmosphere. In addition,
she identified dynamic relationships among the terrestrial system pools as well. On
the other hand, she could not be able to identify any dynamic relationships related
with the atmosphere and hydrosphere pools. A brief summary of Mehtap’s ability to
identify relationships among the components of the carbon cycle were presented in
the Table 4.20.
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The table demonstrated that Melisa could be able to identify dynamic relationships
in between terrestrial system carbon pools (plants, animals) and atmosphere through
the processes of photosynthesis and respiration. The dynamism she identified among
the terrestrial system and atmosphere pools was only included transportation of
carbon. Moreover, she was able to identify dynamic relationships concerning the
terrestrial system pools (plants, animals, soil and decomposers). In addition, she
referred transportation of carbon in the terrestrial system among plants and animals
and, animals and soil except for transportation in the soil including decomposers. On
the other hand, she was not able to identify transformation of carbon in the terrestrial
system carbon pools. In addition, she was not able to define any dynamic
relationships considering atmosphere and hydrosphere pools. The analysis continued
with the interview questions investigating the dynamic relationships among the
carbon pools that Mehtap defined in the STS-1.

Interviewer: “What happens to carbon in the atmosphere?”

Mehtap: “I do not know. I think it can be used by the plants in the
photosynthesis as in the form of CO». That’s all I can say.”

Interviewer: “What happens to carbon in the plants?”

Mehtap: “Plants do photosynthesize with using COz in the air. However, | do
not know what happens to carbon in plants.”

Interviewer: “What happens to carbon in animals?”

Mehtap: “Animals perform respiration which releases CO2 to the atmosphere.
Moreover, they [animals] digest the food obtained from the plants and
produce wastes which goes to here [soil].”

Interview: “What happens carbon in so0il?”

Mehtap: “There are decomposers in the soil. They take the carbon to
decompose the materials in the soil.”

Interview: “Then, what happens to carbon in decomposers?”

Mehtap: “When animals die, decomposers consume them [animals] in the
soil. I think they transform carbon into something else which can participate
the cycle again. However, I cannot explain how or what happens.”

It was observed that Mehtap could be able to identify the dynamic relationship in
between terrestrial system and the atmosphere with referring transportation of carbon

during respiration.
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On the other hand, she could not be able to identify transformation of carbon in
animals through carbon in the glucose to carbon in the CO»>. Moreover, it was
observed that Melisa was able to identify dynamic relationships referring
transportation of carbon among the terrestrial carbon pools plants and animal via the
process of food chain In addition, she could be able to identify dynamism in the
animals and soil through the process of digestion which produce wastes referring
transfer of carbon in the terrestrial system. Therefore, she identified dynamic
relationship among the terrestrial system (animals) and atmosphere pools through the
process of respiration with referring transportation of carbon. In addition, dynamism
among the terrestrial system pools; plants and animals via food chain and animals
and soil via the processes of digestion which she only referred the transportation of

carbon.

It was observed that Mehtap was able to identify the dynamic relationship between
the terrestrial pools, animals and soil via the process of burial with referring the
transportation of carbon. Moreover, she identified dynamism between decomposers
soil via the process of decomposition in the soil. On the other hand, even if she was
aware that carbon should be transformed and transferred in the soil, she was not able
to explain how it occurred. Therefore, she was able to identify the dynamism among
animal, soil and decomposers via the processes of burial and decomposition with
referring only the transportation of carbon through animals to soil in the terrestrial

system.

In brief, it was observed that Mehtap could be able to identify dynamic relationships
between the carbon pools including two-sub-systems, terrestrial system and the
atmosphere. She identified dynamism between plants and atmosphere over the
process of photosynthesis. In addition, she defined dynamism between animals and
atmosphere via the process of respiration. On the other hand, while she identified the
dynamism among the terrestrial system pools and the atmosphere, she was only able
to identify the transportation of carbon without noticing transformation of carbon
among these pools. Moreover, she could be able to identify dynamic relationships

among terrestrial pools. She identified dynamism among the plants and animals via
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the process of food chain with referring transportation of carbon. In addition, she
defined dynamism among animal-soil and decomposers via the processes of burial
and decomposition with referring only the transportation of carbon in the soil. On the
other hand, she could not be able to identify the transformation of carbon among the
animals-decomposers and soil. Therefore, since she was able to identify dynamic
relationships between the terrestrial system and atmosphere pools with referring only
transportation of carbon, she was classified as emerging level for the STS-3.

4.3.2.4. STS-4 Organizing the systems’ components, processes, and their

interactions, within a framework of relationships

In this level, organizing the components and processes of carbon cycle within a
framework of relationships were intended to analyze. Therefore, it is important to
underlie the connections among more than two components for organizing the
components and processes and their interactions within a framework which describe
a carbon cycle system. Therefore, this level was analyzed through the concept maps
which investigates the interactions among the carbon cycle parts. In this level, it was
asked participant to write the 12-words concerning carbon and to draw a concept map

that relates the concepts to each other.

Interviewer: “What comes in your mind when I say carbon?”

Mehtap: “I can say when we talked about carbon, we should say coal which
causes CO poisoning in people. Moreover, when we burn coal, CO; released
to the atmosphere. Moreover, we can say carbon cycle. In addition, organic
chemistry interested in the carbon which the life we know based on the
carbon.”

Interviewer: “Can you draw a concept map that relates those concepts to each
other?”
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The concept map she had drew was presented in the Figure 4.6.

Figure 4.6. Mehtap’s Concept Map

It was observed that Mehtap identified only one concepts (CO2) were related to more
than two concepts in the concept map. She related CO with the carbon cycle but
could not be able to describe the relationship. It was observed that she identified two
concepts related with the atmosphere as well as two components in the terrestrial
system. On the other hand, no concepts related with the hydrosphere could be
identified. Moreover, her map mainly based on relating pairs of concepts (2-concepts)
which was inadequate to form a framework with missing any cross-sectional arrows.
The concepts that she discussed in the concept map was summarized in the Table
4.21.
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Table 4.21
Mehtap’s ability to the systems’ components, processes, and their interactions, within

a framework of relationships

Dimensions within the Examples Number of the concepts

concept map

Terrestrial system Coal, 2
CO Poisoning (caused by

coal),
Atmosphere COo, 2
atmosphere
Hydrosphere - -
Miscellaneous elements, 5
organic chemistry,
carbon cycle,
life
Processes - -
Concepts related more CO> 1

than two concepts

The interactions among the concepts were limited only with the atmosphere and
terrestrial system without describing any processes or relationship. Therefore, since
there were no indication of processes and relationships among the concepts, she was
classified as pre-aware in organizing carbon cycle’ components, processes, and their

interactions, within a framework of relationships (See the Rubric in Table 3.8.1).
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4.3.2.5. STS-5 Understanding the cyclic nature of the systems

In this level, participant’s understandings of cyclic nature of the carbon cycle system
were analyzed. Therefore, in this context, participant’s understanding of matter and
energy exchanges via transformation of carbon and energy among the four-sub-cycles
located in the sub-systems of the carbon cycle was examined. This level was

analyzed by the interview questions and the drawings. According to the answers, she

was classified as pre-aware, emerging, developing or mastery.

The drawing that Mehtap drew was presented in the Figure 4.5 (See p. 107).

The components and the processes in the drawing was summarized in the Table 4.22.

Table 4.22

Components and Processes Identified by Mehtap in Her Drawing

Sub-systems of Carbon Components

cycle

Processes

Terrestrial system

Atmosphere

Hydrosphere

Animal,

human,

tree,

CeH1206 (glucose),

soil,

human waste,
decomposers,
fertilizers
COo,

clouds (to represent

atmosphere)

Photosynthesis,
respiration,
decomposition,
digestion

In the drawings, it was observed that Mehtap mainly identified terrestrial system

components with eight components. Moreover, she identified two components with

the atmosphere.
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The exchange of carbon among the carbon pools were observed encompassed the
terrestrial system and the atmosphere. Apart from that exchange of carbon between
plants and atmosphere, the carbon exchange among the other carbon pools were
described a complete flow which carbon was tracked through identified components
in terrestrial system and atmosphere. On the other hand, she could not be able to
identify any components related with the hydrosphere part of the carbon cycle.
Moreover, apart from CO2 and clouds, she could not be able to identify any
atmosphere components as well. Therefore, her drawing revealed lack of cyclic
understanding considering the exchange of carbon among the three-sub-system of the
carbon cycle by ignoring hydrosphere part.

Two interview question was asked to investigate whether the participant hold a cyclic

perception considering the carbon cycle.

Interviewer: “Is there a starting point for the carbon cycle?”

Mehtap: “I think there should be no starting point for the carbon cycle. If we
consider the evolution, first there were bacteria on the Earth, then animals and
plants were evolved. Thus, maybe starting point is the formation of bacteria
who perform photosynthesis. Then, other processes take place such as
respiration, decomposition etc.”

Interviewer: “Is there an end point for the carbon cycle?”
Mehtap: “I think, there is not [an end point for the carbon cycle]. For example,
when people die, their carbon goes to the soil. After, the carbon goes to other

components as well. That describe a cycle with no end points, carbon always
move one component to another.”

It was observed that Mehtap tried to identify starting point for the carbon cycle by
underlying the early stages of carbon cycle with photosynthesis and following
processes such as respiration and decomposition. In addition, she was aware that
carbon was always a dynamic state in the carbon cycle among the components which
defines a cycle with no end points. Therefore, she demonstrated a cyclic perception
concerning the carbon cycle with referring early stages of the carbon cycle (Batzri et
al., 2015).
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The analysis of this level continued with the interview questions that analyzed the
exchange of carbon and energy among the four-sub-cycles of the carbon cycle

system.

Interviewer: “How carbon reaches to the atmosphere?”

Mehtap: “Carbon reaches to the atmosphere in the form of CO; as a product
to the process of respiration. Other than that, we [humans] release CO: to the
atmosphere while driving cars.”

Interviewer: “How carbon reaches to the plants?”

Mehtap: “plants take carbon from the atmosphere in the form of CO.. Then,
they [plants] perform photosynthesis.”

Interviewer: “How carbon reaches to the animals?”
Mehtap: “They [animals] take food through the plants and digest it [food].
Interviewer: “How carbon reaches to soil?”

Mehtap: “When animals die, they [(dead) animals] accumulate in the soil.
Then, decomposers break down the (dead) animals which then, maybe,
fertilizers formed and helps other plants to grow. After that, animals and
humans eat those plants, and the cycle continues. However, | cannot describe
what happens in the soil excepting for decomposition.”

Interviewer: “What makes carbon to move in all this action?”

Mehtap: “I do not know. However, I have not thought about it.”
It was observed that Mehtap was able to consider the sub-cycle-a which describes the
exchange of carbon and energy between the terrestrial system and the atmosphere.
She identified exchange of carbon between plants, animals, soil, decomposers and
the atmosphere, over the processes of food chain and respiration, which describes the
flow of carbon among the plants to animals as in the form of glucose, and then,
identified CO2 release by respiration in animals. Besides, she identified digestion of
glucose which produces waste and carbon movement into the soil. On the other hand,
release of carbon by decomposition process could not be described. In addition, even
though she identified the carbon exchange between plants and atmosphere over the
processes of photosynthesis partially which CO, up taking through photosynthesis,
carbon release from plants to atmosphere via respiration in plants was missing in her

drawing.
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In addition, energy transformation was not included in her description of sub-cycle-

a such as transformation of solar energy into chemical energy during photosynthesis.

In addition, considering the sub-cycle-b, she was only able to identify dead animals
(organism), decomposers in soil. On the other hand, although she was aware
decomposition process and accumulation of carbon in the soil, she was not able to
describe how carbon exchanged among reservoirs the in the soil. Therefore, even if
she was aware that there is a carbon movement in the soil, she could not be able to
describe how carbon movement occurs. In addition, she did not mention any energy

exchanges among the reservoirs of the sub-cycle-b.

Additionally, she was not able to identify any reservoir related with sub-cycle-c that
describes energy and carbon exchange among the atmosphere and the hydrosphere.
In addition, she did not identify sub-cycle-d which describes the energy and carbon
exchange among terrestrial system, atmosphere and the hydrosphere. Therefore, since
she was only able to partially identify the sub-cycle-a with no referring the energy
transformations, she was classified as emerging level for the STS-5 (See Rubric in
Table 3.2.).

4.3.2.6. STS-6-The ability to recognize hidden dimensions of the system

In this level, recognizing the hidden dimensions of the carbon cycle system were
analyzed. In the context of this study, hidden dimensions in the carbon cycle were
considering as the recognizing connections among the different Earth cycles at
multiple scales including macroscopic and microscopic. Therefore, in this level,
interrelationships among the Earth cycles were analyzed through the interview
questions and drawing.

Interviewer “Is there any relationship among the carbon cycle and the other

Earth cycles?”

Mehtap: “I think, all the Earth cycles should be related...hmm...but I cannot
explain, how they are related.”

Interviewer: “Can you give an example?”’

Mehtap: “I do not know. I think I cannot explain.”
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It was observed that Melisa was aware connections among the Earth cycles. However,
no Earth cycles rather than carbon cycle was identified. In addition, no indication
related with the other Earth cycles were found in her drawing. Moreover, she could
not be able to identify any relationship among the various Earth cycles at the multiple
levels at microscopic and macroscopic levels. Therefore, she was classified as

emerging level for the STS-6.
4.3.2.7. STS-7-The ability to make generalizations

Ability to make generalization within the carbon cycle system were analyzed in this
level. In the context of carbon cycle. This level means discussing the how today’s
environmental problems emerged referring to the current imbalances among the
processes via feedback mechanisms within the carbon cycle’s sub-systems including
terrestrial system, hydrosphere and atmosphere. Thus, participant’s ability to identify
feedback mechanisms on explaining the current imbalances among the carbon cycle
when discussing environmental issues were investigated. According to the answers,
she was classified as pre-aware, emerging, developing or mastery.

Interviewer: “What can you say when I want you to talk about the climate

change?”

Mehtap: “It [climate change] is a shift in the climates on the Earth. For
example, excessive release to CO; to the atmosphere rises the temperature of
the atmosphere which causes glacier meltdown. When glaciers meltdown,
climate is shifted”

Interviewer: “How glacier meltdown causes climate change?”

Mehtap: “hmm...somehow it [glacier meltdown] causes climate change. No,
| cannot explain how.”

Interviewer: “Is there any relationship between climate change and the carbon
cycle?”

Mehtap: “Yes, there is. On the other hand, I cannot be sure on how they are
related.”

It was observed that Mehtap was aware the relationship between the climate change
and the carbon cycle. On the other hand, she was not able to describe any relationship

concerning climate change and the carbon cycle.
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Moreover, the climate change could not been discussed by referring the current
imbalances of the carbon cycle via referring the feedback mechanism. It was observed
that she was only able to identify one-way-cause and effect relationship among
terrestrial system and the atmosphere by emphasizing the excessive release of CO; to
the atmosphere as a cause for the atmospheric CO: level rise which causes the glacier
meltdown which causes the climate change. On the other hand, she was not able to
explain how glacier meltdown causes the climate change. Moreover, how the
components or the processes in the carbon cycle effects in turn was missing in her
answer. Therefore, Mehtap could not be able to identify the feedback mechanisms
among the all three sub-systems of carbon cycle that leads to the current imbalance
of the carbon cycle processes which then results to climate change. Hence, she was
classified as emerging for the STS-7 (See Rubric in Table 3.8.1).

4.3.2.8. STS-8- The ability to think temporally: retrospection and prediction

This level means that understanding that past is the key to explain the present state of
the system while the present is to key to understand the future. Such understandings
could be implemented in cases such as industrial revolution effect on the increasing
concentration of CO throughout the decades or predict consequences of population
growth on the CO2 concentration in the atmosphere for the upcoming ages. In the
context of carbon cycle, this level was analyzed by the interview questions.
According to the answers, she was classified as pre-aware, emerging, developing or

mastery.

Interviewer: “What is the effect of humans on the carbon cycle?”

Mehtap: “Since the industrial revolution, we [humans] effect carbon cycle in
a negative way. We [humans] released too much carbon since the beginning
of industrial revolution by industrial activity. They [humans] released large
amounts of CO2 to the atmosphere which causes the rise in the atmospheric
CO2 levels and hence, [results in] climate change.”

It was observed that Mehtap could be able to think retrospectively on the carbon cycle
which she described the consequences of industrial revolution on increasing CO2

level in atmosphere.
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It was obtained that she explained the current phenomena (climate change) is caused
by a past event (excessive CO2 release since the industrial revolution). Therefore,
since she was able to identify two-time spans (past-present) in the carbon cycle while
explaining the climate change, Mehtap was classified as developing level for the STS-
8.

4.3.3. Mehtap’s Definition of System

Mehtap’s description of system included the properties interactions of components
among the system. The description of a system according the Mehtap is given in
below.

“A system is formed by components and their interactions. Therefore, you

need to understand the whole if one wants to understand a system completely.
Considering the carbon cycle, the same is valid.”

4.3.4. Mehtap’s Summary of Systems Thinking Skills

Mehtap could not be classified as mastery level for any system thinking skills. She
classified as developing level for the second system thinking level (STS-2) and STS-
8 in the carbon cycle. On the other hand, considering the other system thinking skills
(including STS-1, STS-3, STS-5, STS-6-STS-7), she was classified as emerging
level. In addition, she was classified as pre- aware for the STS-4. The description of
system definition she gave revealed that she had a system understanding considering
the system thinking with referring the interactions in the carbon cycle. However,
could not be able to implement her understanding of system to the carbon cycle
context. Summarization of Mehtap’s system thinking analysis were presented in the

Table 4.23.
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Table 4.23

Summary of Mehtap’s System Thinking Levels

System Thinking Skill

Level

STS-1- The ability to identify the
components of a system and processes
within the system

STS-2- The ability to identify simple
relationships between or among the
system’s components.

STS-3- The ability to identify dynamic
relationships within the system.

STS-4 The ability to organize the
systems’ components, processes, and
their interactions, within a framework
of relationships.

STS-5 The ability to identify cycles of
matter and energy within the system—
the cyclic nature of systems.

STS-6 The ability to recognize hidden
dimensions of the system.

STS-7 The ability to make
generalizations
STS-8 The ability to think temporally:

retrospection and prediction

Emerging

Developing

Emerging

Emerging

Emerging

Emerging

Emerging

Developing
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4.4. CASE 4: BERFIN
4.4.1. BERFIN’s Demographic Data

Berfin is 24 year-old senior student from elementary science education department in
the one of the well-known universities in the Turkey. She currently lives in one of the

major cities of Turkey.

Berfin passed all the courses which are mandatory in the undergraduate curriculum
including organic chemistry, analytic chemistry, biology, physiology, physics,
geology and environmental education. In addition, she took one elective course

related to sustainability.
4.4.2. Berfin’s System Thinking Skills

Berfin’s system thinking levels were analyzed according to answers given to the three
data collection tools which are interviews, drawings and concept map. Results were

presented for each system thinking level
4.4.2.1. STS-1 Identify system components and processes within the system

In this level, it is expected from participants to identify the components and processes
within the Carbon Cycle. The investigation of this level was conducted on the data
observed throughout the interviews and drawing in terms of three categories that is
described in the context of carbon cycle as the atmosphere, the hydrosphere and the
terrestrial system. The main intention to perform such categorization is to understand
participant’s perception of carbon cycle as a complex system through components
whether she could define multiple components on the three categories including
terrestrial, hydrosphere and atmosphere or not. The drawing that Berfin draw was

presented in Figure 4.7.
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Figure 4.7. Berfin’s drawing of the Carbon Cycle

A brief summary of the components that Berfin identified was categorized and listed
in the Table 4.24.

It was observed that Berfin mainly focused on the Terrestrial part in the carbon cycle
system (ten components). Moreover, she identified three components in the
Atmosphere. On the other hand, she could not be able to identify any components
related to hydrosphere. Therefore, since Berfin identified multiple components on the
two sub-systems of the carbon cycle (terrestrial and atmosphere), she considered, she
classified as developing level for the components of the carbon cycle system. The
first level of system thinking model includes the ability to identify processes of in a
system additional to its components.
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Table 4.24

Identified Components within the Carbon Cycle by Berfin

Categories Components within carbon cycle Number of
components
Terrestrial System Plant, 10
animals,
humans,

Hydrosphere System
Atmosphere

animal wastes,

decomposers,

soil,

dead plants’ and animals’ wastes (dead
organisms),

carbon footprint,

cars

Deodorants (perfume)

carbon dioxide, 3
cloro-floro carbons,

air

Interviewer: “What are the components of the carbon cycle?”

Berfin: “When we say components, we can talk about plants, animals,
decomposers as well as cars in here. Moreover, we can talk about the CO2 and
cloro-floro carbon in the air.”

When it is asked about the processes in the carbon cycle, she identified the processes

both on interview and drawing. The processes she identified were listed in Table 4.25.
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Table 4.25

Identified Processes within the Carbon Cycle by Berfin

Category Processes within the Carbon Cycle
Terrestrial System Photosynthesis,

respiration,

combustion,

decomposition
Hydrosphere system -
Atmosphere -

Interviewer: “Can you identify the processes within the carbon cycle?”

Berfin: “there is photosynthesis in the carbon cycle as well as respiration.
These two processes are vice versa such that plants take CO2 in the
photosynthesis and give out CO2 in the respiration. In addition, when we
[humans] use cars, CO2 is released to the atmosphere [combustion].
Moreover, decomposers consume plants’ and animals’ wastes
[decomposition]. These are the processes in the carbon cycle.”

It was observed that Berfin identified four processes which all of them located in the
terrestrial system. She was not able to identify processes related with hydrosphere
system and the atmosphere. Therefore, since she could be able identify processes
related with only one sub-system in the carbon cycle, she classified as emerging level

for the processes.

All in all, it was observed that Berfin mainly considered the terrestrial part of the
carbon cycle system with identifying nine components and four processes. In
addition, she was able to identify three components related with the atmosphere. On
the other hand, no processes was identified related with that sub-system. In addition,
she could be able to identify neither components nor processes concerning the
hydrosphere part of the carbon cycle system. Therefore, since she was only able to
identify multiple components and processes covering one-sub-system (terrestrial) of
the carbon cycle, she classified as emerging level for the STS-1. A summary table
that include Berfin’s ability to identify both processes and components within the

system was presented in the Table 4.26.
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4.4.2.2. STS-2 The ability to identify relationships among the components within
the system

In this level, the relationships within the carbon cycle were analyzed. The
relationships were investigated on the three sub-systems of the carbon cycle. The
analysis of this level was concentrated on the relationships among the components
that are belonging to the three sub-systems in the carbon cycle including terrestrial,
hydrosphere and atmosphere with causality in the carbon cycle system. Interview
questions were used to analyze the second system thinking skill. According to the
answers, she was classified as pre-aware, emerging, developing or mastery. Detailed
analysis of the interviews was presented in the following part. The responses Berfin
gave during the interview revealed that she mainly considered the terrestrial part of
the carbon cycle while identifying relationships. On the other hand, relationships
considering the other parts of the carbon cycle could not be observed such as
hydrosphere. In addition, she could not be able to identify any relationship including
cause and effect relationship. A brief summary of Berfin’s ability to identify
relationships among the components of the carbon cycle were presented in the Table
4.27.

Interviewer: “What are the relationships among components in the carbon

cycle?”

Berfin: “Firstly, there is a relationship between photosynthesis and
respiration. Plants perform photosynthesize by taking CO, from the air. In
addition, animals and plants do respiration which released CO: to the air.
Moreover, while we [humans] drive cars, CO; is released to the air. In
addition, animals’ and plants’ wastes are consumed by decomposers in the
soil.

Interviewer: “Do you want to add anything about the relationships among the
components of carbon cycle?”

Berfin: “No, I think that is all.”
It was observed that Berfin identified relationship between the terrestrial system
(plants) and the atmosphere (air, CO>,) over taking up CO> form the air through the
process of photosynthesis.
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Additionally, she identified a relationship between animals (terrestrial system) and
atmosphere via releasing of CO to the air through the process of respiration.
Moreover, she identified relationship among human activity, driving cars, (terrestrial
system) and the atmosphere via the releasing of CO; to the air over the process of
combustion. In addition, she identified relationships among the terrestrial
components (soil, decomposers, dead animal and plant wastes) via the removal of
dead animals and plants in the soil by decomposers through the process of
decomposition. On the other hand, she could not be able to identify any relationship
considering the hydrosphere part of the carbon cycle. Moreover, no causal
relationship was identified among the components of the three-sub-systems.
Therefore, since Berfin was able to identify relationships among terrestrial system,
and between terrestrial system and atmosphere components without referring any

causality, she classified as emerging level for the STS-2 (See the Table 4.27.).
4.4.2.3. STS-3 Identifying Dynamic Relationships in the System

In this study, dynamism in the carbon cycle was interpreted as identifying carbon
fluxes among the carbon pools which includes transportation and transformation of
carbon. In this level, dynamic relationships analyzed over the transportation and
transformation carbon among the carbon pools that are classified into sub-systems of
the carbon cycle including the terrestrial system, the hydrosphere and the atmosphere.
The third system thinking skill were analyzed over the interview questions.
According to the answers, she was classified as pre-aware, emerging, developing or

mastery.

The analysis revealed that Berfin identified dynamic relationships on the among the
terrestrial carbon pools (animals, plants) and the atmosphere and among the terrestrial
pools (dead plants’ and animals’ wastes, decomposers, soil). On the other hand, she
could not be able to identify any dynamic relationships related with the hydrosphere.
A brief summary of Berfin’s ability to identify relationships among the components

of the carbon cycle were presented in the Table 4.28.
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The table demonstrated that Berfin could be able to identify dynamic relationships in
between terrestrial system carbon pools (plants, animals) and atmosphere through the
processes of photosynthesis and respiration. In addition, she defined dynamism
among the terrestrial carbon pools which are dead plants’ and animals’ wastes,
decomposers, and soil. On the other hand, the dynamism she defined was lack of
considering the transformation of carbon among the pools explicitly. Additionally,
she was not able to define any dynamism related with the hydrosphere. The analysis
continued with the interview questions investigating the relationship among the
carbon pools that Berfin defined in the STS-1.

Interviewer: “What happens to carbon in the plants?”

Berfin: “Plants take CO> form the air to perform photosynthesis. However, |
do not know what happens to carbon in plants.”

Interviewer: “What happens to carbon in animals?”’

Berfin: “Animals do respiration which COs is released to the air. That’s all I
can say. “

Interviewer: “What happens to carbon in the so0il?”

Berfin: “There are dead plants’ and animals’ wastes in the soil which are
consumed by decomposers.”

Interviewer: “Then, what happens to carbon in the decomposers?”’

Berfin: “I do not know the processes. May be, they eat them [dead plants’ and
animals’ wastes] ...hmm...no I cannot explain.”

Interviewer: “What happens to carbon in the atmosphere?”

Berfin: “I think carbon stays there [in the atmosphere], but I am not sure.”
It was obtained that Berfin could be able to identify the transportation of carbon from
animals to atmosphere as in the form of CO,. On the other hand, she could not be
able to identify the transformation of carbon in the animals such as carbon in the food
transform into carbon in the CO>. Therefore, she could be able to identify dynamism
between terrestrial system pool (animal) and the atmosphere with only referring to

the transportation of carbon.
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It was obtained that Berfin could be able to identify the transportation of carbon from
dead plants’ and animals’ wastes to decomposers through the decomposition process
in the soil. However, she could not be able to identify the transformation of carbon in
the decomposers such as carbon in the glucose transform into CO; in the atmosphere.
Therefore, she could be able to identify dynamism considering only transportation of

carbon to the decomposers in the soil.

To be brief, Berfin was able to identify dynamic relationships between the terrestrial
system pools (plants) and the atmosphere with referring only transportation of carbon
through the process of photosynthesis. In addition, she identified dynamism between
the terrestrial system pools (animals) and the atmosphere with referring only
transportation of carbon through the process of respiration. Moreover, she was able
to identify dynamic relationship considering terrestrial reservoirs of dead plants’ and
animals’ wastes to decomposers through the process of decomposition in the soil. On
the other hand, she did not refer to any transformation of carbon during the
decomposition process. In addition, it was observed that she held a static, not
dynamic, view considering the atmosphere part in the carbon cycle. In addition, since
she could not be able to identify any components in the hydrosphere, she did not
identify any dynamism related with the hydrosphere. Therefore, since Berfin was able
to identify dynamic relationship considering the carbon pools between the two-sub
systems of carbon cycle with referring only transportation of carbon, she was

classified as emerging level for the STS-3 (see in the Table 4.28).

4424, STS-4 Organizing the systems’ components, processes, and their

interactions, within a framework of relationships

In this level, organizing the components and processes of carbon cycle within a
framework of relationships were intended to analyze. Therefore, it is important to see
the connections among more than two components for organizing the components
and processes and their interactions within a framework which describe a carbon
cycle system. Therefore, this level was analyzed through the concept maps which
investigates the interactions among the carbon cycle parts. In this level, it was asked

participant to write the 12-words concerning carbon and to draw a concept map that
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relates the concepts to each other. The concept map she had drew was presented in
the Figure 4.8.

Interviewer: “What comes in your mind when I say carbon?”

Berfin: “I can say as humans we use cars which releases CO> to the air. In
addition, as human we use deodorants and perfumes. Moreover, carbon
present in the soil as in the form of diamond or graphite.”

Interviewer: “Can you draw a concept map that relates those concepts to each
other?”

Figure 4.8. Berfin’s Concept Map

It was observed that Berfin could be able to identify connections among concepts
with more than two concepts (eight concepts). Moreover, it seemed that she described
her drawing included two processes. The concepts that she discussed in the concept

map was summarized in the Table 4.29.
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Table 4.29
Berfin’s Ability to the Systems’ Components, Processes, and Their interactions,
within a Framework of Relationships

Dimensions within the Examples Number of the concepts

concept map

Terrestrial system Fossil fuels, 8
cars,
soil,
coal,
diamond,
humans,
perfume,
deodorant
Atmosphere Alir, 1
Hydrosphere - -
Processes Photosynthesis, 2
Respiration
Concepts related more Air, 4
than two concepts photosynthesis,
respiration,

soil

The interactions among the concepts that are related with more than two concepts
were mainly described through the photosynthesis and respiration. It was obtained
that the interactions among the concepts (components and processes) observed in the
terrestrial and atmosphere part of the carbon cycle system. On the other hand, even if
she mentioned fossil fuels and car in her map, she did not mention the process of
combustion. Moreover, although she identified the process of decomposition in the
soil in STS-1, she did not mention that process in her drawing as well. Additionally,
she was able to discuss only air in the atmosphere without mentioning the CO2 or

which she defined in the STS-1 as well. In addition, she was not able to identify any
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concepts related with the hydrosphere. The interactions among the concepts were
limited only with the atmosphere and terrestrial system without describing any
processes or relationship except from the photosynthesis and respiration which is
insufficient to create an organized framework. In conclusion, since the interaction of
the concepts she discussed only cover the terrestrial and atmosphere without the
hydrosphere part of the carbon cycle, she classified as developing level for the STS-
4 (See Rubric in the Table 3.2).

4.4.2.5. STS-5 Understanding the cyclic nature of the systems

In this level, participant’s understandings of cyclic nature of the carbon cycle system
were analyzed. Therefore, in this context, participant’s understanding of matter and
energy exchanges via transformation of carbon and energy among the four-sub-cycles
located in the sub-systems of the carbon cycle was examined. This level was
analyzed by the interview questions and the drawings. According to the answers, she

was classified as pre-aware, emerging, developing or mastery.
The drawing that Berfin drew was presented in the Figure 4.7 (See p. 133).
The components and the processes in the drawing was summarized in the Table 4.30.

Table 4.30. Components and Processes identified by Berfin in her drawing

Sub-systems of Carbon Components Processes

cycle

Terrestrial system Cars, Photosynthesis,
leaves, respiration,
decomposers, decomposition,
soil, combustion.

b

plants’ and animals
wastes

Atmosphere COy, -
air,
cloro-floro-carbons,

Hydrosphere - -
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In her drawing, it was obtained that Berfin identified five component and four
processes related with the terrestrial part of the carbon cycle. In addition, she defined
three components in the atmosphere. On the other hand, even though she described
three components, any process in relation with the atmosphere could not be identified.
Moreover, there were no concepts observed in relation with the hydrosphere part. It
was obtained that, as in the previous levels, she mainly focused on the terrestrial part
of the carbon cycle. In addition, carbon flow that represented as “input” and “output”
with arrows over the components without indicating the source of the “input” carbon
demonstrated lack of cyclic understanding of the carbon cycle system based on her

drawing.

Two interview question was asked to investigate whether the participant hold a cyclic
perception considering the carbon cycle.

Interviewer: “Is there a starting point for the carbon cycle?”

Berfin: “No. There are no end point for the carbon cycle as well. For example,
considering the evolution, first photosynthetic organism formed, and then other
organisms. Since then, it [carbon] produced and consumed that is in cycle among the

organisms.”

It was observed that Berfin described a starting point for the carbon cycle by referring
the evolution of life on the Earth. She defined formation of photosynthetic organisms
as a starting point for the carbon cycle through the first process of photosynthesis.
Moreover, she described no end points for the carbon cycle because carbon is
continuously produced and consumed. Therefore, since she was able to describe no
starting and end points by referring the evolution of photosynthetic organisms, she
was held a cyclic perception (Batzri et al., 2015). The analysis of this level continued
with the interview questions that analyzed the exchange of carbon and energy among

the four-sub-cycles of the carbon cycle system.
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Interviewer: “How carbon reaches to the air?”

Berfin: “Carbon reaches to atmosphere...hmm...For example, animals and
plants do respiration which releases CO2 to the air. Moreover, Humans use
cars that causes release of CO> to the air. In addition, we use perfumes or
deodorants which releases cloro-floro-carbon to the air.”

Interviewer: “How carbon reaches to the plants?”

Berfin: “Plants perform photosynthesize which take CO> from the air.”
Interviewer: “How carbon reaches to the animals?”

Berfin: “I have not thought about until now. I should study more on the cycle”
Interviewer: “How carbon reaches to the soil?”

Berfin: “I think carbon is already present in the soil. I do not know how, but
it [carbon] is present. Moreover, plants’ and animals’ wastes accumulated
carbon in the soil. Then, decomposers consume them [plants and animals’
wastes].

Interviewer: “What makes carbon to move in all this action?”

Berfin: “I do not know. However, I know carbon should be in move because
that is a cycle”

It was observed that Berfin was able to consider the sub-cycle-a which describes the
exchange of carbon and energy between the terrestrial system and the atmosphere.
She identified the carbon exchange between plants, animals through the processes of
photosynthesis and respiration in the form of CO,. On the other hand, even if she
identified the movement of carbon to decomposers in the soil via plants’ and animals’
wastes, she could not be able to track it back to atmosphere through the process of
decomposition. In addition, energy transformation was not included in her description
of sub-cycle-a such as transformation of solar energy into chemical energy during

photosynthesis.

Additionally, considering the sub-cycle-b that described the exchange of carbon
among the terrestrial system and the atmosphere reservoirs, Berfin could only be able
to identify the partial exchange of carbon from usage of cars by release CO> to
atmosphere through the process of combustion. On the other hand, there were no

exchange of carbon among the dead organisms to fossil fuels in the soil was observed.
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Her description included only the usage of cars and releasing of CO. to the
atmosphere without referring how carbon exchanged in the soil. Thus, she only could
be able to partially describe the sub-cycle-b with no energy exchanges among the

different carbon reservoirs such as chemical energy to thermal.

Moreover, she was not able to identify any reservoir related with sub-cycle-c that
describes energy and carbon exchange among the atmosphere and the hydrosphere.
In addition, she did not identify sub-cycle-d which describes the energy and carbon
exchange among terrestrial system, atmosphere and the hydrosphere. Therefore, as
she was only able to partially identify the sub-cycle-a with no reference to the energy
transformations, she was classified as emerging level for the STS-5 (See Rubric in
Table 3.2).

4.3.2.6. STS-6-The ability to recognize hidden dimensions of the system

In this level, recognizing the hidden dimensions of the carbon cycle system were
analyzed. In the context of this study, hidden dimensions in the carbon cycle were
considering as the recognizing connections among the different Earth cycles at
multiple scales including macroscopic and microscopic. Therefore, in this level,
interrelationships among the Earth cycles were analyzed through the interview
questions and drawing.

Interviewer “Is there any relationship among the carbon cycle and the other

Earth cycles?”

Berfin: “I think all the Earth cycles should be related.”

Interviewer: “Can you give me an example?”

Berfin: “For example, water cycle and carbon cycle...hmm...I cannot be sure
that water reacts with the carbon...No...I cannot be able to describe
[relationships among the water and carbon cycles].”

It was observed that Berfin was aware connections among the Earth cycles. On the
other hand, when it was asked, she could not be able to describe such relationships at
any micro-and macroscopic level. Moreover, in her drawing, there is no indication of
relationships with other cycles. Therefore, she was classified as emerging level for
the STS-6 (See Rubric in Table 3.2).
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4.4.2.7. STS-7-The ability to make generalizations

Ability to make generalization within the carbon cycle system were analyzed in this
level. In the context of carbon cycle. This level means discussing the how today’s
environmental problems emerged referring to the current imbalances among the
processes via feedback mechanisms within the carbon cycle’s sub-systems including
terrestrial system, hydrosphere and atmosphere. Thus, participant’s ability to identify
feedback mechanisms on explaining the current imbalances among the carbon cycle
when discussing environmental issues were investigated. According to the answers,
she was classified as pre-aware, emerging, developing or mastery.

Interviewer: “What can you say when I want you to talk about the climate

change?”

Berfin: “climate change is the extreme weather conditions caused by the shift
in climates.”

Interviewer: “Is there any relationship between climate change and the carbon
cycle?”

Berfin: “I think, yes, there is. For example, let us consider the human effects.
When human activities such as driving cars, or using perfumes release too
much carbon to the atmosphere, we [humans] causes global warming which
results in climate change. Thus, there is a relationship between carbon cycle
and climate change.”

It was observed that Berfin was aware the relationship between the climate change
and the carbon cycle. It was observed that she was only able to identify one-way-
cause and effect relationship among terrestrial system and the atmosphere by
emphasizing the excessive anthropogenic combustion to the atmosphere as a cause
for the global warming and hence, climate change. On the other hand, the climate
change could not be discussed by referring the current imbalances of the carbon cycle
via referring the feedback mechanisms. Therefore, Berfin could not be able to identify
the feedback mechanisms among the all three sub-systems of carbon cycle that leads
to the current imbalance of the carbon cycle processes which then results to climate
change. Hence, she was classified as emerging for the STS-7 (See Rubric in Table
3.2).
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4.4.2.8. STS-8- The ability to think temporally: retrospection and prediction

This level means that understanding that past is the key to explain the present state of
the system while the present is to key to understand the future. Such understandings
could be implemented in cases such as industrial revolution effect on the increasing
concentration of CO» throughout the decades or predict consequences of population
growth on the CO2 concentration in the atmosphere for the upcoming ages. In the
context of carbon cycle, this level was analyzed by the interview questions.
According to the answers, she was classified as pre-aware, emerging, developing or

mastery.

Interviewer: “What is the effect of humans on the carbon cycle?”

Berfin: “I can remember that one of the classes, we talked about how industry
affects the carbon cycle. With the industrial revolution, our rate of releasing
CO:z is increased. Therefore, today’s high carbon measurements related with
the industrial revolution. Hence, it [industrial revolution] contributes global
warming.”

It was observed that Berfin could be able to think retrospectively on the carbon cycle
which she described the consequences of industrial revolution on increasing CO2
concentrations in atmosphere. It was obtained that she explained the current
phenomena (global warming) is caused by a past event (increasing CO> release since
the industrial revolution). Therefore, since she was able to identify two-time spans
(past-present) in the carbon cycle while explaining the climate change, Berfin was

classified as developing level for the STS-8 (See Table 3.2).
4.4.3. Berfin’s Definition of System

Berfin’s description of system included the properties interactions of components
among the system. She mentioned that a system should be dynamic while explaining
why carbon cycle is a system. The description of a system according the Berfin is

given in below.

“When we talk about systems, I directly thinking of components and their
relationships with each other. For example, in the carbon cycle, the
components of plants and animals are in a relationship since CO2 is cycled
among them through photosynthesis and respiration which also shows carbon
is not stable, always in a movement.”
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4.4.4. Berfin’s Summary of Systems Thinking Skills

Berfin could not be classified as mastery level for any system thinking skills. She

classified as developing level for the STS-4 and STS-8 concerning the system

thinking abilities in the carbon cycle. On the other hand, considering the other system
thinking skills (including STS-1, STS-2, STS-3, STS-5, STS-6-STS-7), she was

classified as emerging level. The description of system definition she gave revealed

that she had a system understanding considering the system thinking with referring

the interactions and dynamism in the carbon cycle. However, could not be able to

implement her understanding of system to the carbon cycle context. Summarization

of Berfin’s system thinking analysis were presented in the Table 4.31.

Table 4.31

Summary of Berfin’s System Thinking Levels

System Thinking Skill

Level

STS-1- The ability to identify the
components of a system and processes
within the system

STS-2- The ability to identify simple
relationships between or among the
system’s components.

STS-3- The ability to identify dynamic
relationships within the system.

STS-4 The ability to organize the
systems’ components, processes, and
their interactions, within a framework
of relationships.

STS-5 The ability to identify cycles of
matter and energy within the system—
the cyclic nature of systems.

STS-6 The ability to recognize hidden

dimensions of the system.

Emerging

Emerging

Emerging

Developing

Emerging

Emerging
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Table 4.31 (cont’d)

STS-7 The ability to make Emerging

generalizations
STS-8 The ability to think temporally: Developing

retrospection and prediction.
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

Firstly, findings regarding the participants answers were discussed. Then, discussion

part followed by the conclusion part. Lastly, implications of this study discussed.

5.1. Systems Thinking Levels of Pre-Service Science Teachers in the context of

the Carbon Cycle

This study examined the systems thinking skills of the pre-service science teachers
in the context of the carbon cycle by using the System Thinking Hierarchical (STH)
Model (2005) that is proposed by Ben-Zvi Assaraf and Orion by taking three-
subsystems of carbon cycle which are terrestrial system, hydrosphere and the

atmosphere into consideration.

The first systems thinking skill which is described as ability to identify components
and processes within the system. The first skill formed the basis of the other seven
following skills in the STH Model. In the context of this study, only two participants
(Canan and Melisa) were able to identify components at mastery level which includes
all three-sub-systems of the carbon cycle. On the other hand, they failed to identify
processes related with the atmosphere which they classified as developing level for
the STS-1. Moreover, one of the participants (Berfin) was able to identify
components at developing level without referring the hydrosphere components. She
could only be able to identify processes on the terrestrial system. Therefore, she
classified as emerging level for the STS-1. In addition, the other participant (Mehtap)
could only be able to identify components and processes related with terrestrial
system. Thus, she classified as emerging level for the STS-1. It was observed that all
the participants mainly focus on the terrestrial part of the carbon cycle with referring
components such as plants, animals, decomposers and processes such as

photosynthesis and respiration.
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Similar with the study conducted by Zangori et al. (2017), participants were struggled
to identify the components and processes related with hydrosphere and atmosphere.
Participants tended to perceive carbon cycle based on terrestrial system (Mohan et
al., 2009). As cited in the study of Sibley (2007), the participants mainly focused on
the visible components and processes related with terrestrial system that they were
already familiar with during their undergraduate courses. On the other hand, since
hydrosphere and atmosphere parts were only included in the last semester on their
undergraduate courses, it seemed that their disciplinary knowledge concerning these
two sub-system (atmosphere and hydrosphere) of carbon cycle were inadequate to

identify components and processes related with the carbon cycle system.

The second systems thinking skill which proposed as ability to identify relationships
among the components within the system. In the context of this study, there were no
participants classified as mastery level for the STS-2. The highest level was found to
be as developing for three participants (Canan, Melisa, Mehtap). These participants
were able to identify relationships among the components of terrestrial system and
the atmosphere with referring a linear cause and effect relationship. The casual
relationship was identified only on the terrestrial system (human, factory, cars) and
the atmosphere over the excessive release of CO2 as cause for the global warming.
In addition, two of the participants (Canan and Melisa) could be able to identify
relationship concerning the hydrosphere with no referring to the causal relations. On
the other hand, one participant (Berfin) were classified as emerging level with only
identify relationship between components of terrestrial system and the atmosphere.
The most common relationship was found on the terrestrial system and atmosphere
through animals, plants and CO: via the processes of photosynthesis and respiration
for all the participants. The reason behind it may emerged from their perception of
terrestrial systems based carbon cycle that was found in the STS-1. Similar with Cox
et al. (2017) and Lee (2015), although participants were able to identify components
of the carbon cycle, they were unable to find interrelationship among the components.
This result might arise from their inadequate knowledge concerning the processes of
carbon cycle (Mohan et al., 2009).
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As Grotzer et al. (2000) and Sibley et al. (2007) suggested, participants lack of
knowledge considering the explanations of processes in terms of their locations and
roles in the carbon cycle led them to consider only relationships terrestrial part of the

carbon cycle without referring the casual relationships in the all-three-sub-systems.

The third systems thinking was described as ability to identify the dynamic
relationships within the carbon cycle. In the history of research in the systems
thinking, researchers pointed out that dynamic relationships were difficult to identify
since they include transportation and transformation of matter which requires
considerable level of disciplinary knowledge (Mohan et al., 2009). In the case of the
carbon cycle, identifying such dynamic relationships includes disciplinary
knowledge on the topics such as organic chemistry, geology, or biology (You et al.,
2017). Although all participants passed their courses related with their knowledge
concerning the carbon and carbon cycle properties, only one participant was
classified as the developing level which could be able to identify transformation and
transportation of the carbon among two-sub-systems of the carbon cycle (terrestrial
system and atmosphere). In addition, as in the STS-1 and STS-2, most of the
participants in this study, mainly focused on the dynamism between terrestrial system
and the atmosphere, ignoring the hydrosphere part. As it was cited by Zangori et al
(2017), it seemed that lack of systems perception in the previous skills (STS-1 and
STS-2) led to lack of dynamism considering all three-sub systems of the carbon cycle.
Moreover, while identifying dynamic relationships in the terrestrial system and
atmosphere, they mainly referred to transportation of carbon rather than considering
both transportation and transformation of carbon in the cycle. As pointed out in
studies of Sibley et al (2007) and Zangori et al. (2017), it was mainly caused by the
lack of knowledge considering chemical expressions the processes of the carbon
cycle since the flux of the carbon is managed by the processes such as photosynthesis
or decomposition among the carbon pools related with sub-systems of the carbon
cycle. Since participants did not know what happens to carbon in the, for example,

soil or decomposers, they could not trace the flux of carbon through the carbon pools.
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Therefore, since most of the participants were failed to trace the carbon flux among
the carbon pools, they showed poor systems understandings concerning the carbon
cycle.

The fourth systems thinking skill which is described as ability to organize carbon
cycle’s components, processes, and its interactions, within a framework of
relationships. It was stated that even though students could identify the components
and processes in a system, they could not be able to relate them in a framework
(Orion, 2002; Ben-Zvi Assaraf, 2003). In this thesis, the fourth systems thinking skill
was investigated through concept maps concerning the carbon. On the other hand, it
was observed that only one participant could be able to draw a concept map using
meaningful linkage words. As it was stated by Ben-Zvi Assaraf (2003), concepts that
are related with more than two concepts give Earth cycle system characteristic. In
this study, it was observed that even though most of the students was able to relate
concepts more than two concepts, they failed to find meaningful linkage words to
connect them. This might be caused by their lack of disciplinary knowledge
considering the carbon cycle components and processes (Batzri et al., 2015; Sibley et
al., 2007). Moreover, participants’ concepts maps were mainly focused on the
terrestrial system and atmosphere via biological processes with ignoring hydrosphere
as in the previous systems thinking abilities (STS-1, STS-2, STS-3). As it was pointed
out, students’ inability to identify the locations of the processes in the carbon cycle
prevented them to organize carbon cycle’s components, processes and interactions in
a framework of relationships (Mohan et al., 2009; Zangori et al., 2017). Therefore,
participants demonstrated lack of systems thinking levels considering the carbon

cycle.

The fifth systems thinking level was described as understanding the cyclic nature of
the carbon cycle. It was observed that all the participants perceived carbon cycle as a
cycle which means there is no starting or ending point in the cycle (Batzri et al.,
2015). On the other hand, in the drawings, it was observed that most of the
participants could be able to identify sub-cycle -a which mainly identified on

terrestrial part and atmosphere as in the previous levels in the model which indicated
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fragmented perception considering the carbon cycle. Only one participant could be
able to discuss the exchange of carbon in the hydrosphere through only the biological
processes including photosynthesis and respiration without identifying diffusion of
carbon. Similar with the study conducted by Ben-Zvi Assaraf et al (2005),
participants lack of consideration interactions among the different sub-systems of
carbon cycle in the previous levels of the STH model (STS-1, STS-2, STS-3-STS-4),
they mainly concentrated on the terrestrial part (with only biological processes) and
the atmosphere with ignoring hydrosphere part. Moreover, it was indicated that
students’ dynamic perceptions and cyclic perceptions considering an Earth cycle are
developed together which means they are coherent structures (Ben-Zvi Assaraf,
2003; Batzri et al. 2015). Accordingly, since participants’ dynamic perception
concerning the carbon cycle was poor, their cyclic understanding in the carbon cycle
was considerably low. In addition, most of the participants could not be able to refer
the energy transformations among the carbon pools in the sub-cycles of the carbon
cycle. They identify energy as a factor that enables carbon to move, their explanation
could not go beyond identifying chemical energy. Only one participant explicitly
identified energy transformation in sub-cycle-a through the processes of
photosynthesis as from solar energy to chemical energy. One of the reasons why
energy transformations could not be identified in the carbon cycle may be caused by
the lack of knowledge considering the energy concept in general. As study conducted
by Finley et al (2011), since energy was not the core idea of the disciplinary
curriculums, even though participants were trained in the different forms of energy
in various courses, they were struggled to identify energy transformations in the
carbon cycle. Second reason of not identifying energy transformations in the carbon
cycle may resulted from the concept of energy is too abstract to consider it in relation
with the processes of the carbon cycle on the surface. As Finley (2011) stated that,
if energy concept in the Earth cycles could not be handled in more concrete ways to
students to observe, they would have no chance to identify energy transformations on
the Earth cycles. Accordingly with Finley (2011), energy concept may too abstract to
participants to consider in the context of this study. That is why participants could

not identify the energy transformations as carbon cycles through the carbon cycle.
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The sixth systems thinking skill was described as identifying hidden dimensions. In
the context of carbon cycle seeing the relationships among the various Earth cycles
required to examine systems at multiple levels from macroscopic (carbon cycle
movement of carbon across terrestrial system, hydrosphere and atmosphere) to
microscopic (molecule movements across the carbon cycle) levels in the system (Lee,
2015). It was observed that although most of the participants were able to identify
carbon movements at macroscopic scale such as carbon transfer among the carbon
pools, they were failed to trace carbon in microscopic levels which trace the
transformation of carbon within and among the carbon pools. As Ben-Zvi Assaraf et
al (2009) stated that, lack of dynamic (STS-3) and cyclic (STS-5) understandings in
the system make it difficult to identify the hidden mechanism in the carbon cycle
system which none of the participants could be able to identify the relationships
among the various Earth cycles. Additionally, as Lee (2015) pointed out, identifying
relationships only focusing on the only terrestrial system and the atmosphere part of
the carbon cycle (STS-2), made participants to perceive carbon cycle as separated
from other Earth cycle such as water cycle. In addition, as cited in the study conducted
by Ben-Zvi Assaraf et al. (2005) in the context of water cycle, similarly in the carbon
cycle, lack of identifying relationships among the components of carbon cycle at
multiple scales led participants to demonstrated poor abilities to identify relationships

among the various Earth cycles.

The seventh systems thinking skill was described as ability to make generalizations.
In the context of this study, this ability includes discussing environmental issues
referring the imbalances among the processes in the carbon cycle which caused by
the feedback relationships in the sub-systems in the system. It was observed that all
of the participants have solid ideas concerning the climate change. However, no
participants were classified as mastery or developing level for the STS-7. Most the
participants, tried to explain occurance of this global issue as mono-causal relations
(as in the case of STS-2) among the two-sub-systems of the carbon cycle including
terrestrial system and atmosphere. The main process mentioned while explaining the
carbon cycle was combustion (driving cars, factorial release), which did not include
any feedback relations among the systems’ components.
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It was observed that although all the participants were aware that carbon cycle is
related with climate change and affect each other, they failed to create links between
these two phenomena. The difficulty in explaining the relationship between climate
change and carbon cycle may cause from the participants’ lack of knowledge in terms
of dynamism and cyclic perception in the carbon cycle. As cited in the Ben-Zvi
Assaraf (2003), Batzri et al. (2015) and Mohan et al. (2009), since participants were
demonstrated poor understandings in the context of dynamism of the carbon cycle
(STS-3) alongside with the cyclic perception (STS-5), they could not be able to
generalize the imbalances of the processes of carbon cycle to complex global issues
such as climate change. In addition, lack of identifying feedback relations may
resulted from lack of cyclic relations among the carbon cycle (Sweeney et al., 2007).
Since the participants mainly considered the mono-causal-relations (STS-2) only on
two-sub-system of the carbon cycle which are terrestrial system and the atmosphere,
they could not be able to identify cyclic feedback relations which caused by multiple
causes. Therefore, they could not be able to observe global issues as complex systems
since they could not be able to identify current imbalances caused by feedback

relationships of the components of the carbon cycle.

The eight systems skill was described as ability to think temporally: retrospection and
prediction. In the context of this study, this means that understanding that some of
the presented interaction within the system took place in the past, while future events
may be a result of present interactions (Ben-Zvi Assaraf et al., 2005). It was observed
that only one participant classified as mastery level which she integrated the three-
time spans (past-present-future) in terms of industrial revolution and population
growth. Remaining participants could only able to identify in two-time spans
(present-past) referring the industrial revolution. It was pointed out that thinking in
time dimensions were difficult to identify in the context of Earth systems since it
requires considerable knowledge of socio-biogeochemical-processes (Mohan et al.,
2009; Zangori et al., 2017). On the other hand, in this thesis, it was observed that even
though participants demonstrated low systems thinking levels considering the carbon
cycle, they were able to think at least two-time span while examining the interactions
among the system (human-carbon cycle).
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One of the main reason of this result might arise from their environmental science
course and sustainability courses. Since retrospection and prediction in the context of
Earth systems were a part of these courses, participants who had passed those courses,

had considerable understandings to consider the Earth systems at least two-time-span.

To sum up, the findings of this study suggested that a non-hierarchical model for the
systems thinking in the context of carbon cycle. As Sibley et al (2007) suggested
second systems thinking level is unnecessary in the STH model since the
relationships already defined over the processes and components in advance. In
addition, accordingly with Sibley (2007), it was obtained that identifying dynamic
relationships is an excessive level in the STH model, since it is the processes that
transport and transform the matter (carbon) in a cycle. Therefore, in this thesis, it was
observed that the third systems thinking skill is redundant of the first and second
systems thinking skills. Moreover, for participants dynamic and cyclic relations
alongside with the hidden dimensions were found to be challenging as it was cited in
the previous studies (i.e. Batzri et al., 2015; Sibley et al., 2007; Lee, 2015). It was
found that basic disciplinary knowledge concerning the carbon cycle processes were
inadequate to form a complex system perspective in the context of carbon cycle as
cited in the literature (Raia, 2005). Therefore, this study points out a significant link
between the knowledge of systems and the systems understanding of the system.
Therefore, with implementation, systems thinking skills of the participants can be

developed.
5.2 Conclusion and Implications

There are several conclusions that can be obtained from this study. As indicated by
the Ben-Zvi Assaraf et al. (2005), analyzing systems thinking through word
association test, concept maps and drawings alongside with the interviews give
researchers deeper understanding of participants systems thinking in the context of
natural systems. Secondly, there are eight systems thinking skills in the system
thinking hierarchical (STH) model which is proposed as hierarchical in the context
of Earth systems (Ben-Zvi Assaraf et al., 2005). On the other hand, the researchers

who developed this model were studied in the context of water cycle which is
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considerably a less complex cycle comparing the carbon cycle. Therefore, based on
the results of system thinking analysis in the context of carbon cycle, in more complex
systems than water cycle, the STH model loses its hierarchical ability. Thirdly, it was
observed that the participants of this study hold common systems understandings. On
the other hand, weak conceptions related with the processes in the carbon cycle led
them to inadequate considerations of multiple interactions among the sub-systems
(terrestrial system, atmosphere and hydrosphere) of the carbon cycle. Such weak
considerations may create a challenge during their professional years as teachers
while implementing systems thinking in their classrooms. Moreover, the barriers
defined in the literature were observed during the research as identify processes in
the system, identifying multiple interactions within subsystems and struggling to
identify hidden dimensions within the system (Lee, 2015; Ben-Zvi Assaraf et al.,
2005; Covitt et al., 2009). The participants mainly focused on the linear-mono-causal
relationships among terrestrial system and the atmosphere. Lastly, this study did not
include any implementation. It was aimed to present the current systems
understandings of the participants in the context of the carbon cycle. As it was pointed
out previous researches (Finley et al., 2017), it was seemed that lack of disciplinary
knowledge in relation with the carbon cycle impacts the systems understandings of
the participants in that context.

The findings of this study had implications for the systems thinking in the context of
Earth systems for researchers and teachers as well. This study suggested that systems
thinking can be studied in the context of various Earth cycles including carbon cycle
by using the assessment tools which were used in the context of this study that can
be adapted to different contexts. In addition, teachers can use the results of this thesis
to improve systems thinking abilities of their students in the context of Earth systems.
Approaching Earth systems from systems thinking perspective give a chance for
seeing the Earth as a whole, singular unit with interconnected parts. That knowledge
might later be implemented on the understanding and solving the complex global

issues such as climate change.
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5.3. Recommendations

This study suggests some recommendations for the research in the future. First of all,
the framework of this thesis was constructed based on the studies conducted by Ben-
Zvi Assaraf et al (2005) and Lee (2015) which using system thinking hierarchical
model in the context of carbon cycle. On the other hand, there are various models in
the context of systems thinking research area. Carbon cycle as a complex system
should be investigated through these models (i.e. SBF) as well. In addition, in the
future researches, if STH model will be used, the revised version of this model that
is proposed by Sibley et al. (2007) should be used in relation with more complex

cycles such as carbon cycle.

In addition, this study assumed that participants had basic knowledge considering the
carbon cycle processes relied on their undergraduate courses. On the other hand,
keeping in mind that a significant relation between disciplinary knowledge and the
systems thinking on the Earth systems science (Raia, 2005; Batzri et al., 2015), first,
participants disciplinary knowledge considering the related Earth systems should be
analyzed in order to present a more detailed systems perceptions of the participants.

Moreover, because of the convenience sampling, only female participants were
participated in the study. Therefore, as it was suggested a repeating of this study
including the male participants were recommended in order to see any impact of

gender differences in the context of carbon cycle system (Cox et al., 2017).

As a last suggestion, it was recommended to examine in-service science teachers’
systems thinking abilities in the context of carbon cycle in order to investigate the
effect of experience on the implementation of systems thinking in the context of Earth
systems. Moreover, it should be examined weather they feel any responsibility to
teach Earth systems to their students in terms of systems thinking. In this context,

teachers’ feelings and attitudes towards the systems thinking should be analyzed.

As a conclusion, this thesis presented a picture of pre-service science teachers in one
of the universities in Turkey. This study might help researchers who wanted to
examine the systems thinking in the context of education especially for the context
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of Turkey. As the world around us getting more complex with the increasing usage
of technologies and related developments, we needed to understand the complex
systems which we confronted our everyday lives. As the global problems such as
water scarcity, climate change, hunger, poverty becoming more complex, we need
citizens who can understand and solve them by systems thinking since thinking in
systems were presented as key point to achieve those complex issues (Richmond,
1993; Arnold & Wade, 2015). On the other hand, clearly as this study and the other
previous researches pointed out, there is still much to do in the area of systems

thinking in science education to raise such citizens.
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APPENDICES

APPENDIX A: Interview Questions in English

Can you define what is a system?
Is carbon cycle a system or not? Why?
Which courses did you take until this your senior year?

How old are you?

Can you write down the 12-concepts when | say carbon?

6. Where in carbon present on the Earth? Can you draw a carbon cycle based

10.
11.

12.
13.
14.
15.
16.
17.
18.

19.

20.
21.

on this knowledge?
What are the components of the carbon cycle?
What are the processes in the carbon cycle?

What is the main reservoir of carbon on the Earth?

What is the relationship among the components in the carbon cycle?

Which components affects each other. Can you explain?

What happens to carbon in the atmosphere?

What happens to carbon in the soil?

What happens to carbon in the organism when it died?
What happens to carbon in the decomposers?

What happens to carbon in the plants?

What happens to carbon in the animals?

What happens to carbon in the water?

Can you relate the concepts you identified in the WAT in a concept map?

Is there any starting point in the carbon cycle?
Is there any ending point for the carbon cycle?
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22

23.
24,
25.
26.
27.
28.

29.
30.

31.

32.

. What makes carbon move in the carbon cycle?
How carbon reaches to the atmosphere?

How carbon reaches to the soil?

How carbon reaches to the plants?

How carbon reaches to the animals?

How carbon reaches to the water?

How carbon reaches to the rocks?

Have you ever heard of the climate change? If so, what is climate change?

Is climate change related with carbon cycle? If so, how?
Is there a relationship among the different Earth cycles with carbon cycle?

What is the effect of humans on the carbon cycle?
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APPENDIX B: Analysis of Rubric

's9ss920.4d ou BuiAgnuap)

‘paynuapl
aJe sjusuodwod oN

(waishs

[elsaa) "ol)
WIB1SAS-gNs auo ul
Ajuo Ing paynusp!
ale sassaooud

pue sjusuodwo)

a|dnini\

(a1aydsoupAy
puUB WaSAS [eLIIsa.la)
'9°'1) SWalsAs-gns omy

1Se9| 18 UO palyuapl
aJe sassad0.d pue
suauodwod ajdnnip

‘alaydsowie ay) pue ataydsoipAy
‘WalsAs |eri1salIa] Buipnjoul
31949 u0qJed Jo swalsAs-qns aaiy}
|[e Uo palyiuapl aJe sassado4d
pue sjuauodwod ajdi NN

"WRISAS
3U] UIYIM $3ss8204d pue
Wwia1sAs e Jo syuauoduwiod

aur Aynuspl'T

9Jeme-alid

Buibiawi3g

Buidojanag

Alo1se|n

[9A37] S1S

178



"919K2
uogJed Jo annodadsiad
a|qe1s ‘olweuAp-uoN

‘payuapl
sI diysuornefal oN

"uoqJed
JO uoneuodsuen
VINIETEY

AJuo yum swiaisAs
-gns 0M] 1Ses|

1e SIBA0J U0QgJed
JO uolrewoysuel |

'suolje|al [ensed oN

"SWIB)SAS

-qns omy isnl
Buowe paiynuspl
sdiysuonejey

"uoqJe?
JO uoInewJojsue.
pue uolrenodsuel)

Buliayal yroq

UM SWwiglsAs-gns omy
1se9] 1e Buowre uogled
JO uolnewJojsuel |

‘|21 103449
pue asnea sapnjoul

'SWIB)sAs-gns oM 1ses|
Te Buowe paiynuapl
sdiysuonejey

sjood uoqued
U} yum panwi 1day saxnyy ay L

‘Auo1dxa swiaisAs
-gns 92y} |[e Buowe uogJed Jo
UOIeWIOJSURI] pue uoleLIodsuel |

"8a.y] |e Buowre sdiysuone|al

109)J8 pue asned sapnjouj

"SWIAISAS-gns daly |8
Buowre paiynuapl ate sdiysuone|ay

"WaISAs
ayl uyum sdiysuoiie|as
a1wreuAp Aynuapl ‘g

"WB1SAS
ay1 Buowre Jo usamiaq
sdiysuoneyas Aynusp| 'z

179



‘W91SAS
3yl Jo ainjeu  2I1jPAd
noge  uoneue|dxa ON

*919Ad
uogJed ayy ul paynuspl
aJe sdiysuone|ai
pue sassad0.d

JO gaMm JO UORnedIpul ON

‘ABJaus
ay) Buriiagal InoyM

abueyoxe Janew
pue ssaualeme
ue Bulney ‘9Jakd

uogJed ayj Jo sajokd
-gns 9J9A2-gns auo
Ajuo Buipuelsispun

Allenred

MJomauresy
paziuehlio
ue 109UU09
01 9|ge aq 1ou
pInod Ing s1daduod
Jo siured Bunosuuo)d

"ABJisua
ayl bBuruagas noyum
abueyoxa Janew

pue  Ssaudleme  ue
Buiney ‘sjoAo uogued
3yl Jo sajahka-gns omy
1ses| 1e Bulpuelsiapun

Ajjenred

"3]9A2 uoq.ed
a1 JO swiaisAs-gqns omy
1Se9| 18 U0 MJoMaurely
paziueflo ue saqliosap
yaolym s1da2u09
OM] Uey] dJ0W pajejal
s1deouod  Bunodauuo)

"WaYl ulyim sabueyoxe Jaew pue
ABJsua Buluagal yum 3j9A2 uogred
ay Jo saj94a-qns |je Bulpuelsispun

"3]9A2 UOQURI 3Y] JO SWAISAS-NS
92lU]l |[e SISA0D 1Byl MJomawel)
paziuebio ue 01  $1dsdouod
ayl Buowe uonoeIslUl SIPNJIU|

"SWIAISAS
3yl Jo ainjeu 219k
ayl Bulpueisiepun  °G

‘sdiysuone|al
JO MJOMawel) © UIYIIM
‘SuonoeIaIuUl  JIdyl pue
‘sassagold  ‘syusuodwiod
SwIsks Furziue3iQ §

180



‘paiynuapl
SI UoISUBWIP UBppPIY ON

*011940
pue olweuAp SI 3]9Ad
uogJed ayr bBuluisduod

Buipuelsiepun
ou (Buimoys)

‘urejdxe
01 9|ge ag p|nod
g s9pAko yue3

Buowre sdiysuonejal
-J21ul 3yl JO aremy

‘Sjusuodwod
Buowe swsiueyoaw
J9eqpasy

Bulisgel  Inoyum
SwiasAs-gns  1ses|
Te ul sassaosoud 8yl
Buowe ssoueequI
uaLNd 8yl se yons
pa1ind20 Slealyl
[EIUBLLIUOUIAUD
Buipueisiapun

au Buimoys

(o1doosouoew
10 21doosouo1w)
9|eas a|dnnw
auo 1sea| 1e Buluajal
$9J0A0 yle3 oM] 1SB9)|
1e Buowre sdiysuonejal

-Ja1ul Buiziubooay

‘Sjusuodwod
Buowe  swslueydsw
)Jeqpas) Burliagal
yum  9pAkd  uogued
ayl Jo swaisAs-gns
OM] 1SBs| 1B ulynm
sassao0ud ayr HBuowe
saoue[equwil  JUBLIND

Ayl Se yons palindao
SIealy) |eIUSWILOIIAUD
ay} Buipueisiapun
au Buimoys

(o1doasouoew pue 21doasoloiw)
sajeds ajdnjnw e

$3]9A2 yue3 |je Buowe
sdiysuonejai-iaul BuiAnuap)

(swaysAs asaydsowne pue
alaydsolpAy ‘[elnsallal) SWwoISAS
-gns 9]9A2 uoQJed Byl [ UIyIMm
sassado04d ay) Buowe sseduefequul
1Ua1INJ ay] Se Yans palindao siealyl
3yl rey) bulpueisiapun ay) buimoys
‘91940 uoqued Buluisduod Srealy)
[elusWUOIIAUS  BuIsSNasIp  S[IYM

auy

suoIsusWIp UsppIy
Buipuelsiapun’,

uonezijesauab Bue ‘9

181



"24mny

‘3inIny pue juasaid ‘)sed pue jussaid  ‘ised
ay) Bunosuuod paljnuapl usamiaq diysuolre|al

J

diysuone|al

ON oew 01 Buinbbnns

"(quasaud
pue ised ““6a) sueds
awill  OM]  J3PISU0I
Apsow a1niny
pue juesaid  ‘ised
usamiag diysuonejal
aew 01  buAil

"“umopy|aw siaioe|h
10 Yymoub [erisnpul se yons sased
8yl Burugyal aimny pue juasaid
“1sed usamiaq diysuolejal Buieln

uonaipaid
pue uonoadsoual
‘Ajesodwal Buuiyl g

182



APPENDIX C

Human Subjects Ethics Comitee Permission

UYGULAMALI ETIK ARASTIRMA MERKEZI
APPLIED ETHICS RESEARCH CENTER

DUMLUPINAR BULVARI 06800
CANKAYA ANKARA/TURKEY
T: +90 312 210 22 91

F: +90 312 210 79 59
veam@metu.edu.tr
www.ueam.metu.edu.tr

Sayi: 28620816 /_29/\

Konu: Degerlendirme Sonucu

Génderen: ODTU insan Arastirmalart Etik Kurulu (IAEK)
insan Arastirmalar Etik Kurulu Bagvurusu

ilgi:

Sayin Prof. Dr. Ceren OZTEKIN

Danismanligini yaptiginiz yiiksek lisans dgrencisi Deniz TURAN'In
usundaki Sistemsel Diisiinme Becerilerinin incelenmesi” bashkl arastirmasi

Karbon Dongilisii Kon

O

ORTA DOGU TEKNIK UNIVERSITESI
MIDDLE EAST TECHNICAL UNIVERSITY

11 MAYIS 2018

“Fen Bilimleri Ogretmenlerinin

insan Arastirmalari Etik Kurulu tarafindan uygun goriilerek gerekli onay 2018-EGT-059 protokol
numarasi ile 21.05.2018 - 30.08.2018 tarihleri arasinda gegerli olmak Gizere verilmistir.

Bilgilerinize saygilarimla sunarim.

o ;| T

Prof. Dr. $. Halil TURAN

Bagkan V

Prdf. Dr. Ayhan SOL

Uye

Dog. Dr. Emre SELCUK

Uye

182

Prof. Dr. Ayhan Giirbtiz DEMIR

Uye

Dog.Ar. Zana GITAK

Uye

7/
Dr. Ogr. "y/ejnar KAYGAN

Uye



APPENDIX D.

EXTENDED TURKISH SUMMARY/TURKCE OZET

Fen Bilimleri Ogretmen Adaylariin Karbon Déngiisii Konusundaki

Sistemsel Diisiinme Becerilerinin Analizi

GIRIS
Icinde yasadigimiz diinya biinyesinde bir ¢ok karmasik ve birbirleri ile iliskili
sistemler barindirir. Ekosistemlerden, madde dongiilerine kadar gesitli yerel ve global
sistemler yeryiiziindeki canlilar tarafindan paylasilir (Lee, 2015). Hayatlarimizda bu
kadar 6nemli olan bu sistemleri bilmek ve tamimak, onlarin Oonemini anlamak
yasadigimiz Diinya’y1r anlamak ac¢isindan biiyilk Onem arz etmektedir. Fakat
karmagik sistemleri basit¢e ele almak ¢ogu zaman miimkiin olmamaktadir (Raia,
2005). Ciinkii, bu sistemler birden fazla elamanin neden-sonug iliskileri seklinde
birbirlerine baglanmast ile olusur (Ben-Zvi Assaraf, 2003). Bu tiir iligkiler ancak bu
tip karmasik sistemlere bir biitiin olarak, birden fazla bakis agisiyla ¢oziimlenebilir

(Mohan, Chen, & Anderson, 2009).

Moxnes (2004) yaptigi ¢alismada bugiiniin ¢ocuk niifusunun gelecekte su an
deneyimledigimiz karmasik global problemler ile ugrasacagini, ayrica, zamanla yeni
karmagik problemlerin de gelecekte ortaya ¢ikacagini iddaa etmektedir (iklim
degisikligi, sera etkisi). Sonu¢ olarak, Moxnes egitim de yeni bir yaklasim ile
bugiiniin ¢ocuklarinda karmasik sistemlere ve ya problemlere kars1 bir farkindalik
kazandirmay1 amaclayan farkli yontemler bulunmasi gerektigini ifade etmistir. Bu
bakis acis1 ile Barry Richmond (1993) egitimcileri global ve karmagsik sistemleri
inclemek ve 6grencilerine Diinya’nin farkli karmasik sistemlerden biraraya gelen bir
biitiin oldugunu gosterecek “sistemsel diisiince” yaklasimini tanimlamistir. Buna
bagl olarak, egitimciler arasinda sistemsel diisiince farkli konu basliklar1 altinda
calisgilmistir. Bu konular arasinda tip (Faughman & Elson, 1998), sosyal bilimler

(Senge, 1990) ve fen egitimi yer almaktadir (Jacobson & Wilensky, 2006; Kali et al.,
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2003; Sabelli, 2006; Ben-Zvi Assaraf & Orion, 2005; Hmelo- Silver & Azevedo,
2006; Ben-Zvi Assaraf & Orion, 2005; Zangori et al., 2017).

Fen egitimi alaninda yayimlanan sayisiz makaleleri inceleyen Hmelo-Silver (2000)
fen egitimindeki karmasik sistemleri belirli ana karakterler gosterdigini belirlemistir.
Bu karakterler karmasik sistemlerin bir den fazla hiyerarsik alt-sistemden olustugunu
gostermektedir. lIkincil olarak, karmasik sistemlerin elemanlar1 arasinda bir
nedensellik 1iligkisi bulunmalidir. Son olarak, herhangi bir karmasik sistemin
elamanlar1 arasindaki nedensellik iliskisi zaman fakt6riinden (gegmis, simdi, gelecek)
etkilenmektedir. Bu karakterlerden yola ¢ikarak Ben-Zvi Assaraf and Orion (2005)
ozellikle Madde Dongiileri gibi konular i¢in Onerdikleri “hiyerarsik sistemsel
diisiince modeli” ad1 altinda bir model gelistirdiler. Gelistirmis olduklar1 bu model de
Diinya iizerinde ki karmasik sistemlerin dinamik ve dongiisel dogasina odaklandilar.
Bu model igerisinde temel olarak li¢ ayr1 seviye ve seviyeler arasinda da belirli
sistemsel diisiince becerileri tanimlandi. Birinci seviye analiz seviyesi, ikinci seviye
sentez seviyesi ve tigiincii seviye uygulama seviyesi olarak tanimlandi. Modelin daha
detayli goriinlimii asagida ki tablo da 6zetlenmistir. Tabloda da goriildiigii iizere
hiyerarsik sistemsel diisiince modeli icersinde analiz level, sistem igerisinde ki
elamanlar1 ve siiregleri tanimlayabilmek, sentez level, sistemdeki elamanlar ve
stirecler arasindaki iligkileri tanimlayabilmek, sistem icerisinde ki dinamik iligkileri
tanimlayabilmek, sistem igerisinde ki elamanlar1 ve siirecleri belirli bir cergeve
igersinde organize edebilmek, Sistemin dongiisel dogasini tanimlayabilmek ve son
olarak ta analiz level; sistem igerisindeki gizli (hidden) mekanizmalart
tanimlayabilmek, belirli bir sistem igerisinde kullandig1 bilgiyi farkli sistemlere de
uygulamak ve sistem igerisinde yer alan bir takim olaylarin gegmiste yasanan
olaylarin sonucu olugunu ve gelecekte yasanacak olaylarin da su an yasanan

olaylardan meydana geldigini tanimlayabilmek becerilerini igerir.
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Genel olarak Diinya sistemleri (i.e. madde dongiileri) fen egitimi kapsaminda bu
model kullanilarak incelenmistir (su dongiisii konusunda; Ben-Zvi Assaraf, 2003); su
ve karbon dongiisii konusunda; Sibley, 2007). Fakat Mohan ve Chen (2009) belirttigi
iizere karbon dongiisii konusuna sistemsel diisiince yaklasimi literatiirde 6ok az yer
kaplar. Bu bilgi dogrultusunda arastimacilar (i.c. Mohan, & Chen, 2009; Zangori et
al., 2017) karbon dongiisii konusunun daha fazla incelenmesi gerekililiginin 6nemine

vurgu yapmistir.

Karbonun dogada bulunan en yaygin element oldugu ve hemen hemen her element
ile kimyasal reaksiyona girdigi diistiniiliince karbon dongiisiiniin de bir ¢ok farkli ve
birbiri ile iligkili sistemden meydana geldigini anlamak miimkiindiir (Kump, Kasting,
& Crane, 2004). Karbonun Diinya iizerinde bol bulundugu yerler karbon rezervuari
olarak adlandirilir. Bu rezervuarlar arasindaki karbon akimlar1 karbon dongiisiiniin
temelini olusutur. Orek vermek gerekirse, bitkiler, Diinya iizerinde bulunan en
onemli karbon rezervuarlarindan biridir. Ayn1 zamanda atmosferde de g6z Oniine
alinmasi1 gereken miktar da karbon bulunur. Fotosentez olay1 siirecinde bitki havadan
aldig1 karbondioksiti, besin icerisinde ki glikoza déniistiiriir. Ayn1 zamanda solunum
olay1 neticesinde glikoz icersindeki karbon atmosphere verilir. Bu iki olay (solunum
ve fotosentez) kendi icerisinde ufak bir dongii yaratir. Bunun gibi bir ¢ok dongiiniin
global boyutta bir araya gelmesi ise karbon dongiisiinii olusturur. Karbon dongiisii
icerisinde birden fazla reservuar dolayisi ile birden fazla sistem barindirir. Bu sebeple
sistemsel diisiince yaklagimi olmaksizin bu dongiiniin dinamiklerini anlamak tam

anlami ile miimkiin olamaktadir (Kump et. al., 2004).

Karbon dongiisii kendi haline birakildiginda denge durumunda olan bir dongii olarak
tanimlanmistir. Denge durumu, Karbon Dongiisii’'ndeki reservuarlar arasindaki
karbon akimlarinin bir biri ile ayn1 oldugu durumu tanimlamaktadir. Ancak bu denge
durumu giinlimiiz sartlar1 altinda, 6rnegin asir1 miktarda karbon igeren gazin
atmosfere salinmasi, bozulmaktadir (Mohan, & Chen, 2009). iklim degisikligi olarak

tanimlanan giiniimiiziin en 6nemli problemlerinden birinin ana kaynagi Karbon
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Dongiisii’ndeki reservuarlar arasinda karbon akim dengesinin bozulmasi olarak 6ne
stiriilmektedir. (Mohan et.al., 2009; Zangori et al., 2017). Dogal olarak, son
zamanlarda aragtirmacilar iklim degisikiligini Karbon Dongiisii’niin iizerinden
incelemeye basladilar (IPCC, 2014). IPCC (2014) yilinda yaymlamis oldugu raporda
iklim degisikliginin ve etkilerinin anlasilabilmesi i¢in iklim degisikligi kavraminin
doga sistemleri igerisinde sistematik bir bakis acisi ile incelenmesi gerekliligini
vurgulamigtir. Zangori et al. (2017) yilinda yaptigi calismada karbon dongiisii
sistemsel bir sekilde iklim degisikligi ile sentezleyerek tanimlamistir. Bu ¢alismadaki
arastirmacilara gore karbon dongiisii sistematik bir bicimde tanimlanabilir. Bu tanim

asagidaki gibidir;

Karbon dongilisii, karbonun {iretildigi, oksitlendigi, ve doniistiigii bir seri
dogal siirecten olusur. Bu siire¢ler fotosentez, solunum, sindirimdir. Ayrica,
insan kaynakli siireclerde bulunur. Bu siire¢ yanma olarak tanimlanabilir.
Eger bir reservuara giren karbon miktari, rezervuardan ¢ikan karbon
miktarindan fazla ise, Karbon Dongiisii sistemi denge durumunu
kaybetmektedir (Zangori et al., 2017, p. 1256).

Karbon dongiisiiniin anlasilabilmesi i¢in bu dongii i¢erisindeki elamanlar, siirecler
ve aralarindaki iliskileri net bir sekilde anlagilmalidir (McNeill & Vaughn, 2012).
Ancak bu sekilde karbon dongiisiine sistemsel bir bakis agisi ile bir ¢ok farkl
perspektiften yaklasilabilir ve iklim degisikligi ve benzer global karmagik sorunlar
ile daha rahat basa ¢ikilabilir (IPCC, 2014; Melillo, Richmond, & Yohe, 2014).
Bununla birlikte Diinya sistemlerini sistemsel bir bakis acis1 ile ele alan onlarca
calisma yapilmistir. Bu gailsmalar genel olarak farkli modeller kullanarak Diinya
sistemlerini, su dongiisii ya da karbon dongiisii, sistemsel bir sekilde ele almaya
calisir. Tiim bu modellerin igerisinde ise “hiyerarsik sistemsel diisiince modeli”
Diinya sistemleri {izerinde ¢alisan arastrmacilara en ¢ok dnerilendir (Scherer et al.,
2017). Bu arastirmanin 15181 altinda, bu arastirma da “hiyerarsik sistemsel diisiince
modeli” son smif fen bilgisi 6gretmen adaylarinin Karbon Dongilisti’ndeki sistemsel

diisiince becerilerini analiz etmek i¢in kullanilmistir.
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Cahsmanin Amaci ve Arastirma Sorulari

Bu calisma fen bilimleri 6gretmen adaylarinin karbon dongiisii konusundaki
sistemsel diisiinme becerilerinin diizeylerini belirlemeyi amaclamaktadir. Bu
cergevede, bu tezde fen bilimleri 6gretmen adaylarinin Karbon Déngiisii’niin karasal,
hidrosfer ve atmosfer bilesenleri arasindaki iliskileri sistemsel bir yaklasimla ele alip

almadig1 incelenmistir. Calismada tartisilan arastirma sorulari agagidaki gibidir:

1- Fen bilimleri 6gretmen adaylarinin karbon dongiisii konusundaki

sistemsel diisiinme becerileri nedir?

YONTEM

Bu ¢alisma fen bilimleri 6gretmen adaylarmin sistemsel diisiinme becerilerini
Karbon Dongiisii konusunda degerlendirmeyi hedeflemistir. Cox (2014) yilinda
belirttigi tizere kisilerin kisisel gecmisleri ve alan bilgileri sistemsel diistiinme
becerilerini etkileyen faktorlerden olabilir. Buradan yola ¢ikarak bu ¢alismada bir
nitel calisma yontemi olan ¢oklu durum g¢alismasi kullanilmistir. Coklu durum
caligmas tizerinde calisilan konun daha ayrintili bir seklide incelenmesine firsat
tanimaktadir. Ayrica, Durumlar, bir biitiin olarak arastirmaci tarafindan

tartigilabilinir (Stake, 2005).
Katilimcilar

Bu c¢alismaya Tiirkiye’de bir devlet liniversitesinde son sinif 6grencisi olan dort fen
bilimleri 6gretmen aday1 katilmistir. Katilimcilara sirasiyla Canan, Melisa, Mehtap,
ve Berfin olmak iizere rumuz isimler verilmistir. Orneklem grubu olusturulurken ii¢
adet kosul belirlenerek amagli oOrneklem yontemi kullamilmigtir. Biitiin
katilimcilarin ayni tiniversitede 6grenci olmasina, son sinif 6grencisi olmalarina ve

liniversitede ayn1 6grenim programindan ge¢mis olmalarina dikkat edilmistir.
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Veri toplama araglar

Bu calismada fen bilgisi 0gretmen adaylarmin sistemsel diisiinme becerilerini
degerlendirmek amaciyla sirasiyla kelime ¢agirisim testi, kavram haritasi ve karbon
dongiisii ¢iziminin yaninda goriisme sorulart sorulmustur.

Bu c¢alismada katilimcilarin yasadiklar yerler ve akademik basarilar1 da géz 6niine
alinarak ikisi demografik olmak iizere 32 goriisme sorusu sorulmustur. Goriisme
sorulari, katilimcilarin cevaplarin1 daha detayli analiz etme ve onlarin duygu ve
diistincelerini daha ayrintili analiz etme olanag1 saglamaktadir (Patton, 1990). Bu
calismada yari-yapilandirilmis goriisme sorular1 kullanilmistir. Gorlisme sorularinin
yonledirici olmamasima dikkat edimis ve sorular cevaplanirken katilimcilarin
kendilerini rahat hissetmeleri agisindan olabildigince agik uglu sorular sorulmustur.
Veri Analizi

Gortismeler Ben-Zvi Asssaraf ve Orion (2005) tarafindan tanimlanan sistemsel
diisiince becerilerine gore analiz edilmistir. Calisma sirasinda elde edilen verilerin
analizi i¢in bu ¢alismaya 06zel olarak bir rubrik gelistirilmistir. Rubrik gelistirilmesi
sirasinda ¢esitli calismalardan faydalanilmistir (Tablo 3.3.). Her bir sistemsel
diigiince becerisi karbon dongiisiiniin alt-sistemeleri olan karasal system, hidrosfer

ve atmosfer olmak tlizere li¢ kategoride incelenmistir.

TARTISMA VE SONUC

Bu calismada fen bilimleri 68retmen adaylarmin karbon dongiisii konusundaki

sistemsel diistinme becerileri incelenmistir.

Fen bilimleri o6gretmen adaylarimin sistemsel diisiince becerilerinin

degerlendirilmesi

Degerlendirme sonucunda katilimcilarin ~ sistemsel diislinme becerilerinin

gelisimlerinin farklilik gosterdigi ve hiyerarsik olmayan bir diizlemde ilerledigi
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gozlemlenmistir.

Bu c¢alismada cle alinan ilk sistemsel diisiinme becerisi “sistem icerisindeki
bilesenleri ve islemleri tanimlamak™ (SDB 1)’tir. Sistemin bilesenlerini tanimlamak
sistemsel diistinmenin ilk ve en 6nemli basamaklarindan biridir (Ben-Zvi Assaraf &
Orion, 2005). Bu beceri kapsaminda katilimcilardan beklenen Karbon Dongiisii’niin
elamanlarin1 ve siire¢lerini tanimlamalaridir. Biri hari¢ biitiin katilimcilar Karbon
Dongiisii’niin elemanlar1 tanimlayabilme de en iist diizeye ulagsmislardir. Ancak
Karbon Dongiisii’niin siireglerini en iist diizeyde tanimlayabilen sadece tek bir
katilimc1  oldugu goézlemlenmistir. Veriler daha yakindan incelendiginde
katilimcilarin  genel olarak Karbon Dongiisii igerisindeki karasal sistemlere
odaklandig1 goriilmektedir. Sibley (2007) yaptig1 ¢alismasinda katilimeilarin genel
olarak gorebildikleri ya da zaten asina olduklar1 elemanlar1 tanimlama egiliminde
oldugunu soylemektedir. Bu kapsam da bu ¢alismada ki katilimcilarin da bu egilimi
gosterdiklerini sOylenebilir. Ayn1 zamanda hidrosfer ve atmosfer alt-sistemlerinin
genel olarak g6z ardi edilmesi katilimcilarin alan bilgileri ile de agiklanabilir. Cox et
al. (2014) yilinda yaptig1 ¢aligmada alan bilgisinin sistemsel diisiince becerisini
etkileyen 6enmli bir faktor oldugunu vurgulamistir. Ayni sekilde bu calismada yer
alan katilimcilarin sadece son sinifta hidrosfer ve atmosferi detayli bir seklide
irdeleme firsati oldugu disiiniildiiglinde, karasal sistemlere odaklanmalar

anlasilabilir.

Bu c¢alismada ki katilmcilar genel olarak Karbon Dongiisii'ndeki elamanlar
arasindaki iliskileri iist diizeylerde tanimlayabilmislerdir (SDB-2). Bu tanimlamalar
linear bir sekilde tanimlansa dahi genel olarak karasal sistemler, hidrosfer ve atmosfer
elemanlar1 arasinda bir iliski g6z 6niine serdigi gozlemlenmistir. Fakat, katilimcilarin
ilk sistemsel diisiince becerisi olan elemanlar1 ve stiregleri tanimlarken odaklandiklari
karasal sistemler, katilimcilar elemanlar arasindaki iligkileri tanimlarken ortaya
ciktig1 gozlemlenmistir. Bunun Onemli sebeplerinden biri olarak ilk sistemsel
diisiince becerisinin (SDB-1), katilimcilar tarafindan bu beceriyi tanimlamak icin

kullanildig1 gergegi oldugu gozlemlenmistir. Katilimcilarin elemanlar arasndaki
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iliskileri tanimlarken neden-sonug iligkilerine odaklanmadiklar1 goriilmiistiir. Bunun
en Onemli nedeni, katilimcilarin Karbon Dongiisiindeki elemanlarin roller ve
stiregleri tam olarak ifade edememeleri ile baglantili oldugu gézlemlenmistir (Mohan
et al., 2009; Sibley et al., 2007).

Ayrica katilimcilarin genel olarak karasal sistemlere odaklanip, hidrosfer ve atmosfer
sistemlerine daha az 6nem vermeleri onlarin, Karbon Dongilisii’'ndeki elemanlar
belirli bir ¢ergeve igersinde organize etmelerini engelledigi gozlemlenmistir. Bu olay
genel olarak Ben-Zvi Assaraf (2003) tarafindan madde dongiilerine “cksik ve ya
parcali” bir alg1 olarak yaklasildigi savint dogrular niteliktedir. Katilimcilarin Karbon
Donglisi'nde yer alan elemanlarin ve siireglerin yerlerini ve gdrevlerini
tanimlayamamalar1 onlarin Karbon Dongilisii’nii parcali, biitlinciil olmayan bir

sekilde ele almaya ittigi gézlemlenmistir.

Katilimcilarin genellikle diisiikk seviyelerde oldugu sistemsel diisiince becerileri is
dinamik diisiince (SDB-3) ve dongiisel diisiince (SDB-5) oldugu gozlemlenmistir.
Dinamik diisiincenin gelismesinin diisiik seviyelerde olmasinin baslica nedenlerinden
biri daha onceki ¢alismalarda gosterildigi gibi (Ben-Zvi Assaraf, & Orion, 2005;
Sibley et al., 2007) sistem igersindeki elemanlarin ve siireglerin (SDB-1) eksik
tanimlanmasina baglanabilir. Ayrica, Grozter (2000) ve Sibley (2007) yaptiklar
caligmalar da bir karbon dongiisiine ait elemanlarin ve siireglerin dongii igerisindeki
yerlerinin bilinmemesi, dinamik diisiinceyi etkilemektedir. Bu c¢alismada da
katilimcilarin Karbon Dongiisii’niin elemanlar1 ve yerlerini (locations) tam olarak
tanimlayamamalar1  reservuarlar arasindaki dinamiksel karbon akimlarini
tanimlayabilmelerinin Oniine ge¢mis oldugu gdzlemlenmistir. Ek olarak, Karbon
dongiisii konusunda ki sistemsel bir diisiince yapisi i¢in gerekli alan bilgisinin
katthmecilar bazinda yetersiz oldugu goézlemlenmistir. Ozellikle karbonun
reservuarlar arasinda nasil ilerledigini ve doniistiigiinii, katilimcilarin hic¢ biri st
diizeyde tanimlayamamislardir (You et al., 2017). Bunun gerekg¢elerinden biri olarak
katilimcilarin karbon ve Karbon Dongiisii konularinda ki kimyasal degisimleri eksik

olarak tanimlamalar1 goriilmistiir (Zangori et al., 2017).
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Katilimeilar karbona rezervuarlar arasinda ne oldugunu tanimlayamadiklari igin,
karbon akimlarini tam olarak agiklayamamis olduklart ve bu yiizden de dinamiksel

diistincelerinin diislik seviyelerde oldugu gézlemlenmistir.

Diger bir diisiik seviyeler de gozlemlenen beceri ise Karbon Dongiisii konusundaki
dongiisel diigsiincedir (SDB-5). Ben-Zvi Assaraf (2003) yilinda su dongiisii
konusundaki sistemsel diisiince analizi yaptig1 calismasinda dinamiksel diisiincenin,
dongiisel diisiince ile birlikte gelistigini, birinin diisiik seviyelerde olusunun, digeri
icinde dusiik bir seviye belirtecegini vurgulamistir. Aynmi sekilde, bu calismada
katilimcilarin dongiisel diistincelerinin (SDB-5), tipki dinamik diistinceleri (SDB-3)
gibi diisiik seviyelerde oldugu gozlemlenmistir. Bu veriden yola ¢ikilarak, Ben-Zvi
Assaraf’in (2003) altim ¢izdigi noktaya bu c¢alisma tarafindan da desteklendigi
goriilmistiir. Katilimeilarin Karbon Dongiisii konusunda diisiik seviyedeki dinamik
iliskileri tanimlayabilme becerileri (dinamik diisiince, SDB-3), Karbon Dongiisii’'niin
dongiisel dogasini tanimlayabilmelerini  etkilemistir. Ayrica, genel olarak
katilimcilarin  tanimlayabildikleri elemanlar ve slirecler {izerinden karbon
dongiisiindeki mini-dongiileri tanimlayama calistiklari gézlemlenmistir (SDB-1). Bu
sekilde, katilimcilarin gogunluk ile karasal sistemler (6rn; bitki) ve atmosfer arasinda
bu calisma kapsaminda tanimlanan (a) mini-dongiisiinii  tanimladiklar
gbzlemlenmistir. Diger bir mini-dongii olan ve atmosfer ve hidrosfer arasinda karbon
degisimlerini tanimlayan (c) mini-dongiisii ise sadece tek bir katilimer tarafindan
tanimlanabildigi gozlemlenmistir. Atmosfer, hidrosfer ve karasal sistemlerin tlimii
arasindaki karbon degisimlerini tanimlayan (d) mini-dongiisii ise hic¢bir katilimer
tarafindan tanimlandig1 gozlemlenmemistir. Bu karbon dongiisiinii bir biitiin olarak
kiiclik (mini) dongiilerden bir araya gelen bir Diinya sistemi olarak tanimlamalarinin
oniine gectigi gozlemlenmistir (Batzri et al., 2015; Raia, 2005). Ek olarak, karbon
dongiisiiniin  donglisel dogasi icerisinde enerji, karbonun rezervuarlar arasinda
akisinin en onemli faktorii olarak kabul edilir (Ben-Zvi Assaraf et al., 2005). Bu
caligmada katilimcilarin Karbon Dongilisti’ndeki enerji doniisiimlerine bir katilimer

disinda deginmedikleri gézlemlenmistir.
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Bu konuda litaratiirde 6ne siiriilen sebeblerden biri katilimcilarin enerji konusundaki
eksik bilgileri, onlarin sistemler arasinda karbon haraket ederken, enerji
doniistimlerini tanimlayabilmelerine engel oldugu gézlemlenmistir (Cox et al., 2017).
Ayrica, enerji konseptinin genel olarak 6grenim programlarmin ¢ekirdek fikri olarak
benimsenmemesi, enerji konusundaki eksik ve yetersiz bilgileri agiklayabilir. Finley
et al. (2011) yilinda yaptig1 ¢alismasinda, enerjinin bir ¢ekirdek fikir olarak 6grenim
programlarinin temelini olusturmamasinin ve enerji konseptinin farkli dersler
igerisinde birbirinden ayr1 ve iligkisiz bir konsept olarak anlatilmasinin, 6grencilerin
karbon dongiisii konusundaki enerji doniisiimlerini aciklayamamalarin1 sebep
oldugunu ileri siirmiistiir. Bu bilgiye dayanarak, bu g¢alismada ki katilimcilarda
sadece birinin enerji doniisiimlerinden bahsetmesi ve bu enerji doniisiimiiniin de
sadece kimyasal enerji ile igili olmasi, Finley et al. (2011) ’in yaptig1 ¢alismay1
destekledigi goriilmektedir. Buna ek olarak, Karbon Ddngiisii'ndeki enerji
doniistimlerinin bu ¢alismadaki katilimcilar tarafindan tanimlanamamasi, enerjinin
soyut ve zor anlagilan bir kavram oldugu gerceginden de kaynaklanabilir. Finley et
al. (2011) yilinda yaptig1 calismasinda enerji konseptinin daha somut bir hale getirilip
anlatilmaz ise, Ogrencilerin madde dongiilerindeki enerji  doniigsmlerini

tanimlayamayacaklarni 6ne stirmiistiir.

Karbon dongiisti konusundaki dinamik diisiince becerisi (SDB-3) ve dongiisel
diisiince becerisinin (SDB-5) diisiik seviyelerde tanimlanmasinin yani sira, Karbon
Dongiisii igerisindeki gizli (hidden) mekanizmalarinda katilimcilar tarafindan diisiik
seviyelerde tanimlanabildigi gozlemlenmistir. Karbon Dongiisii'nde bu beceri
kapsaminda katilimcilarda diger madde dongiileri ile mikroskopik (Karbon Dongiisii
boyunca meydana geken molekiil hareketleri)ve makroskopik (Karbon Dongiisii,
karasal sistemler, hidrosfer ve atmosfer boyunca meydana gelen karbon
hareketlenmeleri) diizeyde ilisiki kurmalar1 beklenilmistir (Lee, 2015; Mohan et al.,

2009).
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Bu c¢alismada  katilimcilarin  karbon  rezervuarlari  arasindaki  karbon
hareketlenmelerini tanimlayabildikleri halde (makroskopik), Karbon Dongiisii’ndeki
carbon doniisiimlerini (molekiil hareketleri, mikroskopik) tanimlayamadiklar
gorilmistir. Ben-Zvi Assaraf et al. (2009) ve Lee (2015) yilinda yaptiklar
caligmalarda vurguladiklart madde dongiilerinde ki dinamiksel ve dongiisel diisiince
becerisi, bir madde dongiisii sistemini farkli seviyelerde tanimlamay1 etkileyen en
onemli faktdrlerden biri olarak arastirmacilarin karsisina sunulmustur. Bu bilgiyi goz
Ontinene alarak katilimcilarin bu ¢alismadaki Karbon Dongiisii’ndeki dinamik (SDB-
3) ve dongiisel (SDB-5) diisiince becerilerinin diisiik seviyede olmasi, onlarin Karbon
Dongiisti konusundaki gizli (hidden) mekanizmalar1 ve dolayisi ile diger madde
dongiileri ile Karbon Dongiisii arasindaki iligkinin tanimlanamamasina sebep oldugu
gbzlemlenmigtir. Ayrica Lee (2015) yilinda vurguladigir gibi Karbon Dongiisiinii
sadece karasal sistemler ve atmosfer arasinda gergeklesen bir dongii olarak
tanimlamak ve hidrosferi bu iligkinin disinda tutmak diger madde dongiileri ile olan

iligkilerin (6rn; su dongiisii) tanimlanabilmesini engelledigi goriilmistiir.

Genel olarak katilimcilarin gevresel sorunlart tartisirken, bu sorunlarin karbon
dongiisii’ndeki siireclerin dengesizliginden kaynaklandigini agiklamada (SDB-7)
diisiik seviyelerde kaldiklar1 gézlemlenmistir. Bu ¢alismadaki katilimeilar ¢evresel
sorunlar1 (6rn; iklim degisikligini) anlatirken genel olarak linear (diiz) ve her hangi
bir geri doniit igermeyen iligkilere odaklanildigi gozlemlenmistir. Bunun temel
sebeplerinden bir olarak, Karbon Dongiisii’'ndeki dongiisel (SDB-5) ve dinamiksel
(SDB-3) diisiincenin diisiik seviyede olusunun, karbon dongiisii ve iklim degisikligi

arasinda geri doniitsel iligkiler kurlumasin1 engelledigi gézlemlenmistir.

Ayrica, Katilimeilarin genel olarak son sistemsel diisiince becerisi olan Karbon
Dongiisii’ndeki zaman boyutunu iist seviyelerde en az iki zaman ag¢isindan (gegmis
ve bugiin) degerlendirdikleri gézlemlenmistir. Diger sistemsel diisiince becerileri ile
kiyaslandiginda katilimcilar tarafindan oldukga yiiksek ¢ikan bu beceri, liniversite

son sinifta verilen ¢evre ve siirdiiriilebilirlik dersleri ile ilgili olabilecegi saptanmustir.

195



Bu derslerin ana konularinda birisinin zaman boyutu oldugu i¢in, bu dersleri alan ve
gecen katilimeilarin, bu beceri (SDB-8) disiiniildiigiinde yiiksek seviyelerde yer

almasi agiklanabilir.

Genel olarak, bu ¢alismada ki veriler sistemsel diisiince modelinin Ben-Zvi Assaraf
ve Orion (2005) tarafindan iddaa edildigi iizere hiyerarsik olmadig1 gozlemlenmistir.
Ayn1 zamanda, modelde tigiincii sistemsel becerisi olan dinamik diisiince becerisinin
ilk iki diisiince becersini de kapsadigi, bu yiizden, ilk iki sistemsel diisiince becerisine
gerek olmadig1 gozlemlenmistir. Ek olarak, bu ¢alismada sistemsel diisiince bilgisi
ile alan bilgisi arasinda da giiglii bir bag olduguna yonelik kanitlar gézlemlenmistir.
Genel olarak katilimcilarin, temel sistemsel diisiince becerisine sahip olduklari
gbzlemlenip, bu yonde bir calisma ile sistemsel diisiincelerinin de gelistirilebilecegi

On gorilmistir.

ONERILER

Bu calisma sistemsel diisiinme becerilerini fen egitimi alaninda kullanmak isteyen
arastirmacilar i¢in bir fikir olusturmasi amaci ile yapilmistir. Bu calismada fen bilgisi
Ogretmen adaylarmin Karbon Dongiisii konusundaki sistemsel diisiince becerileri
analiz edilmistir. Diinya sistemleri s6z konusu oldugunda kullanilabilecek bir ¢ok
modelden biri olan “hiyerarsik sistemsel diisiince” modelinin, Karbon Dongiisii s6z
konusu oldugunda hiyerarsini yitirdigi ve ozellikle, modeled tanimlanan ilk iki
becerinin anlaminin kaybettigi gdézlemlenmistir. Bu konuda ileride yapilacak
calismalarda Ben-Zvi Assaraf ve Orion’un (2005) hazirladigi bu modelin bir
versiyonu olan ve Sibley et al. (2007) tarafindan gelistirilen model kullanilabilir.

Ayrica bu ¢aligma alan bilgisi ile sistemsel diisiince becerisi arasinda giiclii bir bag
oldugunu ortaya koymaktadir. Bu bagdan yola c¢ikarak katilimcilarin 6ncelikle

calisilan konu hakkindaki alan bilgilerinin de kontrol edilmesi 6nem arz etmektedir.

196



Ek olarak bu ¢alisma erkek 6gretmen adaylar1 bulunamadigi i¢in, sadece bayan
Ogretmen adaylari ile yapilmisitir. Cinsiyetin sistemsel diislince becerisi {istiinde olan
etkisini tartisan ¢alismalar gbz oniine alindiginda (Cox et al., 2017), bu ¢alismanin
hem erkek hem de kadinlar1 igeren bir ¢alisma diizeninde tekrarlanmasi Onemli

olabilir.
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