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ABSTRACT

IMPLEMENTATION OF SYSTEMS THINKING SKILLS MODULE FOR THE
CONTEXT OF ENERGY

Can, Hediye
Ph.D., Department of Elementary Education
Supervisor  : Prof. Dr. Ceren Oztekin
Co-Supervisor: Prof. Dr. Gaye Teks6z
April 2020, 170 pages

The aim of this dissertation is to explore how pre-service science teachers develop
their systems thinking skills in the context of energy. Qualitative methodology is
followed through the research. The study conducted in stages that consist of
development of systems thinking module for implementation, development of tools
to collect data, implementation of the module, and data collection procedure before,
during and after the implementation and data analysis. Nine preservice science
teachers at the faculty of education from a state university in Turkey are participated
the study. Data were collected with real life scenario, interviews and audio and video
recordings during the sessions. Content analysis was held to make sense of data.
Results of the study indicated that overall, the developmental trajectory of pre-
service science teachers changed with their individual interest and motivation
towards the implementation, their knowledge level about the issues, the complexity
level of the systems or events depicted during the implementation. Specifically,
systems thinking skills regarding mindset domain developed in the case of energy
issues. Pre-service science teachers’ skills development regarding content, structure

and behavior domains stayed limited. In the content domain they have difficulties



with maintaining boundaries skill. Pre-service science teachers harbor some doubt in
recognizing complex interactive relationships and feedback mechanisms between the
events in structure domain and describing and predicting system behavior in behavior
domain. The results of the study supported the Arnold and Wade (2017)’s domain
approach as means of identifying structure of systems thinking skills.

Keywords: Systems Thinking Skills, Pre-service Science Teachers, Energy, Systems
Thinking Module, Systems Thinking Development
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SISTEMSEL DUSUNME BECERiISi MODULUNUN ENERJi BAGLAMINDA
UYGULANMASI

Can, Hediye
Doktora, Tlkdgretim Boliimii
Tez Yoneticisi : Prof. Dr. Ceren Oztekin
Ortak Tez Yoneticisi: Prof. Dr. Gaye Teks6z
Nisan 2020, 170 sayfa

Bu calismada, fen bilimleri 6gretmen adaylarinin sistemsel diigsiinme becerilerinin
enerji konusu baglaminda arastirilmasi ve gelistirilmesi amaglanmistir. Aragtirmada
nitel yontem kullanilmistir. Calisma, uygulamaya yonelik modiiliin gelistirilmesi,
veri toplama araglarinin gelistirilmesi, modiiliin uygulamasi, uygulama oOncesinde,
sirasinda ve sonrasinda verilerin toplanmasi ve analizi asamalarindan olusmaktadir.
Arastirmaya Tiirkiye’de bir devlet iiniversitesinde 6grenim goren dokuz fen bilimleri
o0gretmen aday1 katilmistir. Veriler gergek yasam senaryosu, goriismeler ve modiil
uygulamast sirasindaki ses ve video kayitlarn ile toplanmustir. Verinin
anlamlandirilmasi1 siirecinde betimsel analiz ve igerik analizi kullanilmistir.
Arastirmanin  sonuglarina gore Ogretmen adaylarinin  sistemsel  diigiinme
becerilerindeki gelisim Oriintiilerinin, uygulamaya yonelik kisisel ilgileri ve
motivasyonlarina, konularla 1ilgili bilgi diizeylerine ve ele aliman konularin
karmagiklik diizeyine gore degisim gosterdigi saptanmistir. Ogretmen adaylarinda,
sistemsel diisiinme becerileri alanlarindan diislince yapist alan1 gelisim gostermistir.
Sistemsel diisiinme becerilerinin yap1 alaninda, karmasik iliskilerin anlagilmasina ve

olaylar i¢indeki geri besleme mekanizmalarinin ¢éziimlenmesine yonelik becerilerin
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gelisimi smirli kalmistir. Ayrica O0gretmen adaylarinin, sistemsel diigiinmenin
davranig alanindaki becerilerden olaylari ya da sistem davranigini biitiinliik i¢inde
aciklama ve sistem davranmisinin tahmin edilmesi konusunda zorluk yasadiklari
gorilmistir. Calismanin sonuglart Arnold ve Wade (2017)’in alan yaklasiminin
sistemsel diisinme becerilerinin  belirlenmesinde kullanilabilecegini destekler

niteliktedir.

Anahtar Kelimeler: Sistemsel Diisiinme Becerileri, Fen Bilimleri Ogretmen

Adaylari, Enerji, Sistemsel Diisiinme Modiilii, Sistemsel Diistinmenin Gelisimi
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CHAPTER 1

INTRODUCTION

In 21st century, science, technology and knowledge developed rapidly. This rapid
development affected our lives and expectations from individuals. The changing
direction of education goes hand in hand with technological advancements and
societal needs. People, who produce knowledge, use this knowledge functionally,
solve problems, think critically, contribute culture and society and who are
entrepreneur, decisive, communicative, and emphatic are defined as expected profile
of the century in many countries (A Framework for K-12 Science Education, 2012;
National Curriculum in England: Science Programs of Study, 2013, 2014; Tukey
Ministry of National Education, 2013, 2018). It is seen that abilities related to
scientific thinking, experimental skills, scientific attitudes, analysis, science and
engineering practices are advocated besides core concepts related to scientific
disciplines in these curricula. Specifically, in Turkish Science Curriculum developing
students’ who are qualified as means of mentioned skills are emphasized similarly.
Also, analytical thinking is frequently advocated in the last curriculum (MoNE,
2018). Analytical thinking is an ability that target to understand the events,
phenomenon or a whole by breaking them down into small pieces and understanding
the function of the pieces (Mella, 2012). However, analytical thinking alone is not
enough to understand the events around us. Global climate crisis, energy choices,
consumption and management, human behavior related to energy and environment,
environmental issues, economy, and development issues are all complex and
intertwined (Meadows, 2009). Understanding, evaluating and decision making
related to these issues are beyond the boundaries of analytical thinking. Analytical
perspective which aims to understand issues by breaking down them into pieces does

not seem to be enough to solve complex issues surrounding us. Systems thinking



perspective is offered to handle with complex issues such as health issues,
environment, management, economy, human behavior, societal issues, climate
change and education (Daellenbach & McNickle, 2005; Meadows, 2009; Mella,
2012; Higgins, 2015).

1.1 Systems Thinking

When it is wanted to understand systems thinking; it is possible to talk about systems
initially. A system is a regularly interacting or interdependent group of items forming
a unified whole (Merriam Webster Online Dictionary, 2019). A system consists of
three kinds of things: elements, interconnections, and function or purpose. Some
examples of systems include economy of a country, a power plant, a tree, an
ecosystem, the Earth, atmosphere, human body, a sport game, a molecule and a
faculty (Meadows, 2009). Some of these systems are natural systems while some of
them are contrived or human-made. Sometimes the elements of the systems
themselves are also systems and they are called subsystems. All these subsystems
have a purpose and connected to each other. For instance, while the Earth is a natural
system that is composed of several sub-systems such as forests, matter cycles,
biological organisms or oceans, a car or a power plant is a human-made system with
several subsystems. Some of the systems, especially human-made systems have
mechanical, fixed structure and once they are understood they may be programmed
for a desired behavior. Some of systems are hard to understand since they respond

the changes differently under different conditions.

When systems structure are considered, it should be asked that if it is possible to
identify; the parts, the interaction between these parts, the difference between the
behavior of the parts alone and all together as a system, and the persistence of the
behavior of the whole structure over time under a variety of conditions (Meadows,
2009). Parts of a system can be either visible or invisible and they are the least
effective component of the systems behavior. Interconnections have the potential to
change system behavior. If interconnections among the parts of the system change,

the system may greatly change. If any change in the parts of the system, changes the
2



interconnections among the parts of the system, the system behavior may also
change. The most obvious part of the system, function or purpose of the system is the
most effective part of the system behavior. Change in function of the system alters

the structure of the system and interconnections of the system.

System behavior results in an emphasis on many thinking habits that are powerful
tools to understand the issues and problems around us. Like systems; events,
problems and issues around us have different developmental trajectory and usually
people want to carry them over a desired state. In this process; initially it is very
important to make decision about boundaries (Frank, 2012; Arnold & Wade, 2017).
Deciding boundaries means understanding what is more related to our issue, what is
inside it, what is not related to it. When the boundaries are determined first, it may be
possible not to spend time with unrelated issues. It is also important to realizing
historical context of events (Jackson, 2003). The history gives us an understanding of
flow of events at different times. Therefore, it becomes possible to see the way of
systems behavior through understanding patterns. Individual focus on events in
current time does not give us a full comprehension of flow (Kim, 1999). When
events are followed for a while, it is possible to understand the purpose of the
system. These are all necessities for being a fine problem solver and at the same time

necessities for being a systems thinker.

Systems thinking is a way of thinking including understanding the structure of
systems from a holistic framework by understanding the relationships between
systems components, feedbacks and the way systems behave, in their own context by
taking into consideration of change and dynamism (Arnold & Wade, 2017;
Meadows, 2009; Sweeney & Sterman, 2000). It is very important to understand
complex structure of economies, individuals, companies, illnesses, environmental
problems to cope up with all these issues (Daellenbach & McNickle, 2005;
Meadows, 2009; Higgins, 2015). When handling with complex issues, usually there
are lack of information and knowledge to solve these problems. Meadows (2009)

told about the inadequacy of classical reductionist approach to understand complex
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issues and advocated systems thinking as a holistic way of understanding complex
phenomena. Systems thinking is valuable in complex problems that have many
actors, recurring problems that are not fixed in the past by attempts, problems that do
not have obvious solutions and issues contextualized in their environment (Aronson,
1996; Daellenbach & McNickle, 2005; Higgins, 2014). Systems thinking requires
understanding the situations or events in their full systems context (Yurtseven &
Buchanan, 2016). It is beyond linear thinking. Systems thinking skills are mentioned
to be as higher order thinking skill and to be related to scientific thinking, problem
solving, and critical thinking by many researchers (Assaraf & Orion, 2005; Hung,
2008).

1.2 Defining Systems Thinking

Systems thinking is defined by many authors in the research literature. For instance,
according to National Research Council (2010), the ability to understand how a
system work; how an action, change or malfunction in one part a system affect the
rest of the system is defined as systems thinking. Definitions in literature are resulted
in many elements which try to characterize systems thinking. For example,
Richmond (2000) listed a set of skills that characterizes a good systems thinker in a
non-hierarchical manner. Richmond’s skills of systems thinking are; dynamic
thinking, system as cause thinking, 10.000 meters thinking, operational thinking,
closed-loop thinking, non-linear thinking, scientific thinking, and emphatic thinking.
Each of these skills refers to different constructs that characterizes systems thinking.
Sweeney and Sterman (2000, p.2) define system thinking as “ability to assess and
represent dynamic complexity” and lists a variety of abilities about systems thinking.
They also emphasize some basic skills underlying system thinking such as creating
and interpreting graphs, creating a graph of behavior over time, identifying units of
measure and basic understanding of probability, logic and algebra. Similarly; Behl
and Ferreira (2014) listed a variety of individual systems thinking elements from

different authors’ framework. Different from Richmond (2000)’s work, they showed



the relationships between these elements. Their systems thinking elements are given
in Table 1.1.

Another characterization of systems thinking elements is Assaraf and Orion (2010)’s
systems thinking hierarchical model framework that they used in explaining students
systems thinking. Hierarchy of systems thinking skills framework is a specific
framework in the context of earth sciences including the topics such as carbon cycle
and water cycle. The framework included eight elements organized in three levels;
analysis, synthesis and implementation. The framework is given in Table 1.1.
Similarly, Stave and Hopper (2007) proposed a hierarchical model of systems
thinking skills. Their model showed systems thinking skills in a continuum from
lower level of skills including recognizing interconnections, identifying feedback,
and understanding dynamic behavior, followed by intermediate level skills;
differentiating types of variables and flows and using conceptual models to higher
level skills including creating simulation models and testing policies.

Arnold and Wade (2015) criticized these definitions as being reductionist in nature.
They defined systems thinking as “a set of synergistic analytical skills used to
improve the capability of identifying and understanding systems, predicting their
behaviors, and devising modifications to them in order to produce desired effects”
(Arnold & Wade, 2015, p.676). According to their definition system thinking skills
work together as a system. They developed a systems thinking systemigram showing
the relationships among the components of systems thinking and explained the
elements of systems thinking with the help of literature synthesis. In their paper
(Arnold & Wade, 2017), they extended their definitions of systems thinking and
proposed systems thinking skills categorized in four domains. These four domains
are mindset, content, structure, and behavior domains. They classified these four
domains under two areas namely, gaining insight and applying insight. Content,
structure and behavior domains are more relevant to applying systemic insight, while

mindset domain is more relevant to gaining systemic insight domain. They target to



assess systems thinking of individuals in more generic terms. Their systems thinking
elements are given in Table 1.1.

While Assaraf and Orion (2010)’s framework is a framework to assess systems
thinking skills in earth sciences context, it is also possible to see adaptation of
systems thinking skills in education for sustainable development context. Karaarslan
(2016) emphasized the importance of systems thinking in Education for Sustainable
Development and built up a framework consisting twelve multifaceted skills to

assess systems thinking in ESD context.

In summary, it is possible to say that system thinking refers to understanding the
presence of a phenomenon or event from a whole perspective by realizing its
structure and behavior and use this understanding to predict the behavior of the
system in changing conditions. Therefore, systems thinking allows us not to focus
just one event and its effects instead it allows us to see more events related to the
whole structure and assess their roles in the whole context. Systems thinking skills
assessment frameworks are different from each other by their structure and
contextual aspects. While Assaraf and Orion (2010) and Karaarslan (2016) target to
assess systems thinking skills by using frameworks adapted to their own contexts,
other authors Richmond (2000), Sweeney and Sterman (2000), Stave and Hopper
(2007), and Arnold and Wade (2015, 2017) use general frameworks that are not
specified for their own context. Besides context dependency of these frameworks,
their structural differences are also an important aspect of these frameworks. In some
of these frameworks the relationships among systems thinking skills are not defined,;
such as Richmond (2000) and Sweeney and Sterman (2000). In another group of
frameworks hierarchical structure of systems thinking skills are emphasized such as
Stave and Hopper (2007) and Assaraf and Orion (2010). Some of systems thinking
skills frameworks emphasize the importance of connection between systems thinking
elements, such as Behl and Ferreira (2014) and Arnold and Wade (2015; 2017).



Table 1.1: Systems Thinking Elements Defined by Researchers

Researchers

Model of Systems
Thinking

Systems Thinking Elements in Model

Sweeney and
Sterman (2000,

p.2)

Systems Thinking
Abilities

Understand how behavior of the system arises from the
interaction of its agents over time

Discover and represent feedback processes (both positive
and negative) hypothesized to

Underlie observed patterns of system behavior

Identify stock and flow relationships

Recognize delays and understand their impact

Identify nonlinearities

Recognize and challenge the boundaries of mental (and
formal) models

Stave and
Hopper (2007,
p.12)

Hierarchical Model
of Systems Thinking
Elements

Recognizing interconnections

Identifying feedback

Understanding dynamic behavior
Differentiating types of variables and flows
Using conceptual models

Creating simulation models

Testing policies

Assaraf and
Orion (2010,
p.541)

Hierarchical Model
of Systems Thinking
Elements

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

The ability to identify relationships among the systems
components.

The ability to identify dynamic relationships between or
among the systems components.

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

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

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

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

The ability to think temporally: retrospection and
prediction.

Behl and
Ferreira (2014,
p.107)

Individual Systems
Thinking Elements

Understanding the whole system
Understanding interconnections
Consider and use multiple perspectives
Thinking creatively

Not getting lost in details

Curious

Ask good questions

Analytical

Create, build and use models

Good interpersonal skills




Table 1.1 (continued)

Behl and
Ferreira (2014,
p.107)

Individual Systems
Thinking Elements

Good listening skills

Good communication skills
Have self confidence
Disciplined

Abstract thinking
Initiative/Motivation
Systems engineering education
Wide and varied experienced
Outgoing/Extrovert
Tolerance for uncertainty
Open minded

Arnold and
Wade (2015,
p.676)

Connected Systems
Thinking Elements

Recognizing interconnections

Identifying and understanding feedback

Understanding systems structure

Differentiating types of stocks, flows, and variables
Identifying and understanding non-linear relationships
Understanding dynamic behavior

Reducing complexity by modeling systems conceptually
Understanding systems at different scales

Karaarslan
(2016)

Multifaceted Systems
Thinking Elements

Identifying aspects of sustainability

Seeing nature as a system

Identifying components of a system

Analyzing interconnections among the aspects of
sustainability

Recognizing hidden dimensions

Recognizing own responsibility in the system
Considering the relationship among past, present and
future

Recognizing cycling nature of the system
Developing empathy with other people

Developing empathy with non-human beings
Developing a sense of place

Adapting systems thinking perspective to one’s personal
life

Arnold and
Wade (2017)

Domain approach

Explore multiple perspectives
Consider the wholes and parts
Effectively respond to uncertainty and ambiguity
Consider issues appropriately

Use mental modeling and abstraction
Recognize systems

Maintain boundaries

Differentiate and quantify elements
Identify relationships

Characterize relationships

Identify feedback loops

Characterize feedback loops

Describe past system behavior
Predict future systems behavior
Respond to changes over time

Use leverage points to produce effects

8




1.3 Systems Thinking in Education

Many countries make educational reforms to adapt the changing world and grow
individuals who can adapt this change. In this process, the importance of thinking
skills and abilities increased. Education is inevitably the reflection area of systems
thinking in schools. One of the most extensive efforts of integrating systems thinking
elements in school is seen in Next Generation Science Standards (NRC, 2011). In
their report: A Framework for K-12 Science Education, NRC (2011) emphasizes the
importance of three main dimensions in Science Education, namely; scientific and
engineering practices, crosscutting concepts and core ideas. In these three
dimensions; except disciplinary core ideas, the reflections of systems thinking
elements are clearly seen, especially in crosscutting concepts dimension.
Crosscutting concepts are the main concepts used when dealing with systems
thinking including; patterns, cause and effect: mechanisms and explanation, scale,
proportion and quantity, systems and systems models, energy and matter: flows,
cycles and conservation, structure and function and stability and change. In each of
disciplinary core ideas; crosscutting concepts take place and find an implementation
area. While crosscutting concepts are closely tied to systems thinking, another main
dimension; scientific and engineering practices also connected to systems thinking.
For example; asking questions and defining problems, developing and using models,
designing solutions are also related to systems thinking. Developing these skills in K-
12 level science courses has a great value for a country to take place in the

international area of technology and communication era.

In addition to the importance of systems thinking in K-12 education, the role of these
skills in teacher education should not be neglected. Systems thinking is also
emphasized as a key competency for Education for Sustainable Development in the
area of teacher education (Sleurs, 2008). In Comenius-2-project report (Sleurs,
2008), systems thinking competencies for ESD educators are defined as; ability to
create conditions for systems thinking in the classroom, school and community,

ability to understand the presence of different systems and understand the
9



interrelations between social sciences, environment and economics, ability to deal
with uncertainty in the classroom by the cooperation with other teachers, ability to

explore multiple cause and effect relationships in social situations.

The recent revised science curriculum in Turkey (MoNE, 2018) emphasized
analytical thinking, decision making, creative thinking, entrepreneurship,
communication and team work as life skills; innovative thinking as engineering and
design skill; and observation, measurement, classification, data recording,
hypothesizing, modelling, changing and controlling variables, experimentation as
science process skills. According to G. Karaarslan (personal communication,
February 18, 2020) most of systems thinking elements either does not take place in
science curriculum or implicitly take place. When the learning outcomes are
examined, it is seen that there are learning outcomes related to understanding
relationships, classification, model building (not modelling) prevalently. Also, there
are some outcomes related to design and engineering practices. In the elementary
level science curriculum, it is seen that, although engineering and design practices
are clearly require systems thinking, systems thinking elements do not take place.
This situation seems to be similar for high school science curriculum including
physics, biology, and chemistry. Contrarily, some clues about the elements related to
systems thinking system are emerged in core topics, including Ecology of
Ecosystems and Current Environmental Problems in Biology, Energy Resources and
Scientific Advances in Chemistry, or Conservation of Energy and Energy
Transformations in Physics. However, both students and teachers need systems
thinking skills not only to reach the general and specific goals of the curriculum but
also to deal with the complex issues they encountered in their daily life as citizens.
Therefore, specifically science education and teacher education and in a more broad
sense all educational attempts need systems thinking perspective to keep up with

constant change in the World.
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1.4 Energy in Science

Energy is a complex topic with its abstract nature on the conceptual aspect and it
takes place everywhere. It is not possible to define energy in a simple sentence.
According to Bevilacque (2014) it is not clear that various meanings of energy are
the result of the polysemic nature of the concept or the result of a deep confusion.
When we try to ask the question of “What is energy?” we may mean the essence of
energy or operational definition of energy as a physical quantity (Besson &
Ambrosis, 2014). Linguistic analysis of energy result in five definitions from the
dictionaries (Jin & Wei, 2014); a person’s physical or mental strength or power, life
energy of living things, vital power of places, energy sources utilized by people, the
ability to do work. Also, three categories arise from dictionary definitions; (1)
sources of energy: people, living things including people, living and non-living
things, (2) nature of energy: energy as a psychological entity, energy as a physical
entity, and energy as an abstract quantity, (3) causal reasoning: energy as a cause and
energy as a constraint. In the history of science, it is seen that sometimes energy is
threat as a substance which often defined through conservation principle, and
sometimes energy is used as an abstract quantity or a general explanatory tool for
describing events in science. In current textbooks, energy is defined as capacity to do
mechanical work. This definition is still advocated in textbooks and used as a main
definition for energy. However, this definition excludes the other traits of energy and

is used in mechanics to explain processes.

In conceptual physics Hewitt (2006, p.71) introduces energy as followed:

Although energy is familiar to us, it is difficult to define, because it is not only a
"thing" but both a thing and a process-similar to both a noun and a verb. Persons,
places, and things have energy, but we usually observe energy only when it is being
transferred or being transformed. It comes to us in the form of electromagnetic waves
from the Sun, and we feel it as thermal energy; it is captured by plants and binds
molecules of matter together; it is in the foods we eat, and we receive it by digestion.

11



Even matter itself is condensed, bottled-up energy, as set forth in Einstein's
famous formula, E = mc?...

Another definition includes physical and biological processes as the ability to drive a
system transformation (Ulgiati & Bianciardi, 2004, p.7). Similarly with and

emphasize on systems, energy is defined as following (Kostic, 2007, p. 15):

a fundamental property of a physical system and refers to its potential to maintain a
systems identity or structure and to influence changes with other systems (via forced-
displacement) or heat (forced chaotic displacement/motion of a system molecular or
related structures).

Energy exists in many forms; electromagnetic (including light), electrical, magnetic,
nuclear, chemical, thermal, and mechanical (including kinetic, elastic, gravitational,
and sound).

Conceptualization of energy varies depending on the context in which it is used.
Lancor (2014) identifies six types of substance metaphors for energy concept in
textbooks and science education literature. In each of these metaphors, while some
characteristics of energy highlighted, some characteristics of energy concept
obscured. According to Lancor (2014) energy can be accounted for metaphor
highlights conservation of energy principle while it obscures transformation and
source. Energy can change forms metaphor emphasizes transformation of energy and
conservation of energy and obscures transfer of energy. Energy can flow metaphor
highlights transfer of energy and source however obscures transformation of energy
principle. Energy transfer is emphasized with energy can be carried metaphor, but it
obscures energy transformation. While degradation and source of energy is
highlighted with energy can be lost metaphor, conservation principle is obscured at
the same time. Last metaphor energy can be an ingredient, product or can be stored
metaphor emphasizes source and transfer of energy, however obscures energy
conservation and energy degradation. These metaphors are prevalently used in

physics, chemistry and biology textbooks.
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When we look at history of science we see that first discussions related to energy is
shaped through becoming or being and elementary substance or principle of action
(Bevilacque, 2014). Initial debates are followed by other issues about perpetual
motion machine, pendulum, causality, force and work concepts, conservation
principle, degradation of energy, entropy, thermodynamics, the importance of
potential energy, mass-energy equivalence of Einstein, Feynman’s famous statement
and turning back of becoming in 1977, respectively (Bevilacque, 2014). Thus,
history of science and endeavors to define and characterize energy in scientific
disciplines indicates complexity and many faces of energy concept.

1.5 Energy in Society

Today, energy is one most the most important topics in our daily lives. Energy
production is needed to conduct our daily activities including heating, cooling,
cooking, cleaning, and lightning; in industry energy is needed for production; and
also for transportation. In fact, a small malfunction in energy production systems has
really big economic consequences since all daily activities depend on energy

production.

In the history of human civilization, especially after the Industrial Revolution human
population and energy use increased almost exponentially as a result of developing
technologies and life quality. Today, we are nearly totally dependent on the access of
electricity to conduct our daily activities. While in the 1970, 51.5% of population had
access to electricity, today total of our population have access to electricity (Dilaver,
2009; World Data Bank, 2019). When 1990s examined, it is seen that Turkey’s total
energy consumption was 1,565,313 TJ. In 2015 this value exceeded doubled and
reported as 3,629,552 TJ (World Data Bank, 2019). Just this indicator shows the
importance of energy in our lives, including electricity as a form of energy. The
importance of electricity is clearly the same for the all World countries like Turkey.
In Europe, a typical house consumes 60 kWh energy in a day and that equals boiling
water with a kettle for 24 hours (McLeish, 2013). Lack of energy including

electricity, affects people from meeting basic needs to education, health, water and
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all areas mentioned as Sustainable Development Goals by United Nations
Development Programme. 1.2 billion people still do not reach electricity in the
World (UNDP, 2016). That is an important issue as means of equality among people
all around the World. On the other side, dependency of energy bring environmental
crisis together, since energy production processes strictly connected to environment.
Global climate crisis, degradation of water sources, environmental pollution are all
connected to processes related to energy use. Domestic energy use constitutes one
part of total energy consumption. Research pointed out the presence of a possible
link between domestic energy use and global greenhouse gas emission (Abrahamse
& Shworm, 2018; Kurz, Gardner, Verplanken & Abraham, 2015; Poortinga, Steg &
Vlek, 2002). These studies indicated that by utilizing significant amount of fossil
fuels, households contribute substantially to global warming. Thus, similar to other
environmental problems we faced today, energy scarcity mainly results from
individuals® daily behaviors (IPCC, 2007; Shi, Wang & Wang, 2019). Research
about individuals’ energy related behaviors indicated various factors are effective in
determining energy use and energy saving behaviors. Theories related to individuals’
energy related behaviors are summarized as utility based decisions and behavioral
economics, technology adaptation and attitude based models, decision making
theories in social and environmental psychology and theories related to social context
of decision making in sociology (Lopes, Antunes & Martins, 2012). While energy
consumption behavior is explained with socio-demographic variables such as income
and house size, energy saving behavior mainly determined by psychological factors
such as attitude, perceived ease or difficulty of behavior, personal responsibility for
the behavioral consequences and personal norms (Abrahamse & Steg, 2009). Also,
egoistic norms and biospheric value orientations have a role in in reducing energy
consumption behavior (Sahin, 2013). Similarly in the case of acceptance of
environmental policies related to energy behaviors, individuals’ biospheric values,
awareness of problems, general environmental awareness, personal norms and
responsibility for problems are found to be effective in increasing acceptance of

environmental policies (Steg, Dreijerink and Abrahamse, 2005). Therefore, in the
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case of energy related behaviors of individuals, it is important to take action to
change people’s personal norms, beliefs, attitudes, responsibility acceptance,
environmental awareness and value orientations of people. However, it usually is not
a very easy matter to change and improve these mentioned factors related to
individuals’ behaviors. People’s beliefs and values are deeply rooted constructs that
people create during their lives. The role of education and personal experiences are
very important in this sense. Because, education and personal experiences shape
people’s thinking patterns that form their beliefs, values and attitudes. Changing
people’s thinking patterns through education may require long term effort.

1.6 Energy in Science Curriculum

Every people have an idea about energy since it is embedded in people’s daily lives.
Although the prevalence of ideas regarding energy and energy topics, people usually
lack of scientific understanding of the topic. The research about learning energy
indicates a variety of learning difficulties and alternative conceptions of energy
(Dreyfus, 2014). Realizing the importance of energy concept and associated learning
difficulties, it is advocated both as a disciplinary core idea and a crosscutting concept
in Next Generation Science Standards (Achieve, 2013). It is emphasized that energy
and matter are essential concepts in all disciplines of science and engineering, often in
connection with systems. Also, the importance of energy transfers through systems in
engineering is emphasized. The insight of energy transfer is given at 3 to 5™ grade.
While at grades 6™ to 8™ students learn conservation of matter, at grades 9™ to 12"
students learn energy conservation in closed systems. Energy as a crosscutting
concept framework seems to be including explanations about energy and energy
relationships under core ideas. For instance, photosynthesis and aerobic cellular
respiration is explained with energy processes. On the other hand, although energy
concept is advocated as a crosscutting concept, teaching of the energy concept does
not seem to be clear. Teachers also have a new challenge of teaching energy as a
crosscutting concept (Eisenkraft, Nordine, Chen, Fortus, Krajcik, Neumann &
Scheff, 2014).
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Moving from the complexity of energy topic researchers offered main strands for
learning energy from a unitary framework including; nature and forms of energy,
transfer and transformations, dissipation and degradation and conservation principles
(Lacy, Tobin, Wiser & Crissman, 2014). In another study; Tobin, Crissman, Doubler,
Gallagher, Goldstein, Lacy, Rogers, Schwartz, and Wagoner (2012) explained key
learning objectives for teachers in a workshop respectively; the nature of energy
including forms, relationships with systems, importance of energy; conversion of
energy including energy conservation principle; conversion of thermal to
mechanical/electrical energy including second law of thermodynamics. These key
learning objectives and strands sum up the characteristics of energy and energy
related principles to explain the events related to energy and learn energy topics from

scientific disciplines perspective.

Besides these conceptually focused efforts to teach energy, we need an
understanding of energy from ecological, social, economic, and cultural aspects of
energy to understand the problems associated with energy. Besson and Ambrosis
(2014) emphasize the importance of teaching energy with progressive construction of
meaning in different contexts and problem situations. They summarize the
approaches to teaching energy as historical approach, science-technology-society-
environment approach, gradual and progressive conceptual sequence, holistic
approach and cross-sectional ideas. When physical content and the general social
aspect of the energy are separated from each other it is not possible to get a true
comprehension of the phenomenon (Besson & Ambrosis, 2014). Such a holistic
understanding of the topic gives us insights about the most appropriate decisions

regarding energy as citizens.

One of the curricula targeting learning about energy is developed by Wisconsin K-12
Energy Education Program researchers (KEEP, 2017). In this program’s conceptual
guide energy is given under four titles; we need energy, developing energy resources,
effects of energy resource development and managing energy resource use. Under

we need energy title, energy, concepts related to energy and principles related to
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energy are described and explained. Developing energy resources theme included the
issues related to energy resource development, energy resource consumption, and
specifically renewable energy. Effects of energy resource development theme
consisted of human life and environmental issues. Managing energy resource use
theme focused on human behavior, decision making and energy future. KEEP
conceptual guide is an example of a guide to teach energy holistically by taking into
consideration as many faces as possible including concepts, society, environment,

resources, technology and future directions.

When Turkish context is considered teaching and learning of energy concept follows
traditional discipline based progression. Despite, many curricula changes in last
years, conceptual base of energy topics stay nearly the same as before (see Table 1.2
for learning progression of energy concepts). Students meet light, sound, force and
electricity very before the energy concept, at 3" grade is science course, without
explicit connection to energy. First arise of energy explicitly, in the science
curriculum is at 7 grade (MoNE, 2013, 2018). Energy is mentioned in relation with
force and work concepts, it is classified as potential and kinetic energy, and
conservation of energy principle is exemplified through kinetic-potential energy
transformations. Friction and energy loss mentioned and energy loss due to friction is
explained through heat energy. In high school physic curriculum, it is seen that
mechanic, sound, light and heat considered as energy forms and conservation of
energy principle is mentioned more detailed adding new energy forms. Energy
degradation is mentioned at 11" grade. In earlier grades, first insight of degradation
is given as energy loss. An analytical approach regarding energy concept takes place
in Turkish science curriculum in K-12 grades. Some of these energy concepts used in
curriculum are still issues of debate because of complex nature of energy. According
to Millar (2014), mechanic, electricity, heat and radiation are the ways of energy
transfer rather than being energy forms, and it is not very clear mentioning of Kinetic,
chemical, internal, elastic, electrostatic, magnetic and gravitational as forms of

energy. He suggests that using these concepts as common energy stores. Besides, the
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conceptual presentation of the topic, there is a need to reconsider the energy issues

from the social, economic and environmental aspects in Turkish science context.

Table 1.2: Learning Progression of Energy Concepts in Turkish Science Curriculum (MoNE,

2013)

Grade

Course
Level

Unit

Topics and Concepts Related to Energy

7 Science

Force and Energy

Physical Work

Kinetic Energy

Potential Energy
Gravitational Potential Energy
Elasticity Potential Energy
Conservation of Energy

Loss of Kinetic Energy

Electrical Energy

Transformation of electrical energy to heat
and light energy

Transformation of electrical energy to
motion energy and transformation of motion
energy to electrical energy

How to produce electricity in power plants
Using electrical energy consciously and
economically

8 Science

Living Beings and
Energy Relations

Food Chain and Energy Transfer
Photosynthesis and Respiration
Matter Cycles

9 Physics

Energy

Work, Energy and Power

Mechanical Energy

Conservation of Energy and Transformation
of Energy

Efficiency

Energy Sources

9 Physics

Heat and
Temperature

Internal energy
Energy Transfer Ways and Speed
Using Energy Economically

Biology

The Earth

Energy and Matter Transfer in Ecosystems

10
Physics

Electricity and
Magnetism

Electrical Energy and Power

Chemistry

Energy in Industry
and Living Beings

Obtaining Energy in Industry and Living
Beings
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Table 1.2 (continued)

Life and Energy

Electricity

Energy Photosynthesis
Biology Transformation in | Chemosynthesis
Living Beings Respiration
Energy and Motion
. Conservation of Energy
Physics Force and Motion Elastic Potential Energy
Electricity and Electrical Potential Energy
Magnetism
11 Thermodynamics
Environment
System
Internal Energy
Heat
. Chemistry and Temperature
Ehemisigd Energy Mechanical Work
Enthalpy
Chemical Reactions
Entropy
Gibbs Free Energy
Physics Modern Physics Photoslectric et
12 . The relationship between redox reactions and
. Chemistry and ;
Chemistry electrical energy

1.7 Theoretical Perspective: Developing Systems Thinking for Energy

Targeting to understand and evaluate pre-service science teachers’ systems thinking

skills Arnold and Wade (2017)’s domain approach for systems thinking skills is used

as a framework for this study. According to Arnold and Wade (2017) systems

thinking construct cannot be broken down to elements and this attempt may be a

reduction that may break down systems thinking essence as a whole. Instead of

breaking down systems thinking to elements, the skills that support systems thinking

should be identified. For the aim of identification of the skills that support systems

thinking, Arnold and Wade (2017) examined the concepts in systems thinking

literature. They built their framework based on the systems thinking definitions of
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Richmond (1994), Ossimitz (2000), Sweeney and Sterman (2000), Stave and Hopper
(2007), Plate (2010), Bonnema (2012), Arnold and Wade (2015).

According to the definition of Arnold and Wade (2017) systems thinking has two
distinct faces; gaining insight, namely; improving systemic insight of a particular
system, and using insight, namely; applying systemic insight to a particular system.
While gaining insight is characterized with reaching the system from the outside and
understanding the behavior of the system in general, using insight is characterized
with reaching system from the inside and understanding systems, systems structure
and dynamic behavior. These two distinct faces of systems thinking support each

other while exploring a system.

According to Arnold and Wade (2015) there are four basic principles of systems
thinking as following; identifying systems, understanding systems, predicting system
behavior, devising modifications to produce desired effects. The skills defined in
Arnold and Wade (2017) definition, are the ones that support these four basic
principles. They built their framework in four domains; mindset that is characterized
by approaching systemic problems, content that characterized by understanding
inside of the system, structure that characterized by the reaching the organization of
the system and behavior that is characterized by understanding the results of
interaction between content and structure. While mindset domain includes skills
related to gaining insight, other three domains namely; content, structure and
behavior are predominantly related to using insight skills. All of these skills together
may affect gaining insight facet of the systems thinking. The summary of Arnold and
Wade (2017)’s framework is given in Table 1.3.

In the systems thinking area, focusing on energy issues is valuable as means of
coping with environmental issues. Today, environmental problems including global
climate crisis, environmental pollution, and degradation of natural resources is
interconnected with energy issues. Most of research in environmental education and
energy education area focused on climate change and individual behavior related to

energy (Jorgenson, Stephens & White, 2019). Research targeting development about
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renewable energy resources and collaborative action from educational area is rare.

The dissertation focuses on these issues.

Energy is examined as a systemic construct that includes, energy resources; primarily
renewable energy resources, energy generation processes comprising processes
producing usable energy forms for needs of society, and the interrelationships
between energy processes, economy, society, development and environment during

this research. Researcher primarily focuses on social, environmental and scientific

meaning of energy in today’s World.

Table 1.3: Definition of the skills that support systems thinking (Arnold and Wade, 2017)

A Skills that Support r
Domains Systems Thinking Definition
A systems thinker investigates a problem by
1.1. Explore 0 Ny . S .
Multiple objectively examining multiple s_ubject_lve perspectives
. although some of these perspectives might be non-
Perspectives . o . .
obvious, unfamiliar, or even distressing.
. A systems thinker considers both the forest and trees.
1.2. Consider the -
An appreciation for both the wholes and parts,
Wholes and Parts . . 3 A .
simultaneously, is a critical systems thinking skills.
. A systems thinker should be able to make decisions
1.3. Effectively : .
that guide a system towards a desired state. A systems
1. Respond to ; . .
. . thinker needs the ability to move forward while
Mindset | Uncertainty and - L .
. L analyzing or designing a system, despite the
Domain | Ambiguity L2 .
uncertainty inherent in any complex system.
An experienced systems thinker takes time to absorb
. the complexity of a situation rather than reacting
1.4. Consider Issues | . . C 2
; immediately to (even stressful) stimuli. The ability to
Appropriately . : .
determine what appropriate means for a given system
is also part of this skill.
1.5. Use Mental Systems thinkers mentally model systems and parts of
Modeling and systems as a way to simplify and understand structure
Abstraction and behavior.
At this point, the thinker has not yet defined the
2.1. Recognize boundaries of the system, but has recognized that such
Systems a construct exists and may have a conceptual idea of its
contents.
2. The boundary defines the content of the system. The
Content | 2.2. Maintain boundary is not defined once and then forgotten;
Domain | Boundaries rather, it is continuously maintained and updated over
time and changing system contexts.
2.3. Differentiate Understanding and differentiating between the
and Quantify elements in a system, such as their properties, types,
Elements and natures, are critical to understanding systems.
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Table 1.3 (continued)

3.
Structure
Domain

3.1. Identify
Relationships

Recognizing that two parts of a system are related in
some way is a basic systems thinking skills.
Relationships are often called interconnections, or just
connections. Increasing levels of maturity in this skill
are demonstrated by the ability to recognize
increasingly non-obvious, more complex and less
visible connections.

3.2. Characterize
Relationships

Characterizing relationships demonstrates an
understanding of how two things are related.
Characterizing, in this case, can be defined as
describing distinctive nature or features of a
relationship. Increasing levels of maturity result in an
increasingly clear and accurate picture of how a
relationship works, what its characteristics are, and
how strong it is.

3.3. Identify
Feedback Loops

Relationships can form feedback loops. Although
similar, and possibly an extension of the identification
of relationships, the identification of feedback loops
likely requires additional systems skills.

3.4. Characterize
Feedback Loops

Feedback loops must also be characterized in terms of
their strengths and properties (reinforcing vs.
balancing, as well as delays and other temporal
properties).

4.
Behavior
Domain

4.1. Describe Past
System Behavior

Describing past system behavior requires an
understanding of how the system has worked in the
past. Past system behavior refers not only to holistic
system behavior but also to behavior of specific parts
of the system at specific points in time.

4.2. Predict Future
System Behavior

Predicting future behavior is often more difficult than
describing past system behavior. It requires all content
and structure skills. Also, future behavior prediction
also requires an appreciation for the way systems
change over time and the way dynamic behavior
manifests itself.

4.3. Respond to
Changes over Time

A key systems thinking skill is the ability to effectively
respond the changes in a system over time, rather than
treating a system as an unchanging entity. A systems
thinker needs to continuously evaluate whether a given
strategy is still valid, or whether system behavior has
become fundamentally different due to changes that
have occurred over time.

4.4. Use Leverage
Points to Produce
Effects

A system thinker must be able to change a system to
make it perform in desired ways. These changes
always depend upon the system and context, but there
are a set of commonly recognized leverage points in
which to intervene in a system (low and high leverage
points).
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1.8 Aim and Research Questions

Current research aimed to develop a systems thinking module in the context of
energy to develop pre-service science teachers’ systems thinking and assess the
changes in PSTs’ systems thinking skills and general systems understanding through
the implementation of the systems thinking skills module.

Following research questions are investigated in this dissertation:
1- What are the activities to be contained in the STS module for developing
PSTs’ systems thinking skills in the context of energy?
2- How pre-service science teachers’ systems thinking skills in the context of
energy can be developed through a systems thinking module?
3- How do pre-service science teachers’ systems understanding change during

the implementation of systems thinking skills module for energy?
1.9 Significance of Study

Keeping in mind the role of systems thinking about dealing with complex events, this
study is planned to contribute a rarely mentioned area in systems thinking; issues

related to energy.

Energy is a main topic to understand scientific processes and events. It is emphasized
both as a core and crosscutting concept in Next Generation Science Standards (NRC,
2011). Besides the importance of energy as scientific concept, current issues related
to energy also have a high value. Research about energy education, rarely focus on
decision making about energy issues, renewable energy and collaborative action
(Jorgenson, Stephens & White, 2019). This study aims to contribute energy
education field for a transition phase. This transition includes a movement from the
research about individuals’ energy related behaviors to individuals’ systems thinking
about energy from the lens of energy. The relationship between systems thinking

skills about energy issues and learning of energy is not clear.
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However, understanding of energy and systems thinking about energy issues may be
in an interaction. Also, understanding energy issues may have an important role
about people’s decision and behaviors regarding energy related behaviors. As a basic
example, electricity consumption behavior may be related to individual’s systems
thinking. If an individual is not aware the systemic structure behind the events
regarding energy production and consumption, it may be just an issue of economy
for him/her to consume electricity. Today, most of individuals’ behaviors regarding
energy issues are superficial and aiming to save money. In fact, the importance of
awareness about consumption behavior is remembered just in times of financial
crisis. The relationships between the environment, economy, society, health,
education and energy are often neglected by people. In fact, the main issue here is
that it is not possible us to develop a unified perspective to understand the events
around us even after people graduate from university. For example, people usually
think that if they find new energy resources, their comfortable life continues;
however it is late when they understand that more holistic solutions are necessary
such as including consumption strategies with production strategies if they want to
sustain energy. In another example, a decision about increasing electricity production
to supply energy for household consumption, industrial aims, and commercial aims
may have negative consequences in the process. As a starting point, economic
development is taken into consideration. It means people find new areas for work
and earn money. However, the way we produce energy effects environment and in
turn, human health. Therefore, the money that we pay for our basic needs such as
food and health increases, and we need more money. It is like a cycle that always
needs to produce more and more money to maintain itself. If we understand the
relatedness of far seemed issues and how these systems operate, we have a chance to
change things to a better direction. Therefore, systems thinking is even more
important than we may think, especially as means of energy issues, which are

complex and undetermined issues.

In this process teachers’ role as means of providing students’ opportunities for

developing their systems thinking, especially as means of science education, is a very
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important. In their 17 years longitudinal study that aims to investigate teachers’
knowledge of energy, Arzi and White (2008) found that the curriculum was the most
powerful factor effecting teachers’ knowledge about energy. Therefore, to arrange
learning environments for developing systems thinking about energy issues, initially
teachers and curriculum developers should be aware of the importance of systems
thinking in educational area. Taking into consideration of the role of curriculum in
shaping teachers’ knowledge, including current energy topics from the framework of
systems thinking may be a beneficial way to support teachers’ implementations of
activities that could develop students’ systems thinking. A top down movement
regarding systems thinking may start with research and implementation about
systems thinking in the science education divisions of faculties. Both as means of
developing activities targeting systems thinking of individuals and applying these
activities with new generations’ science teachers, current research is expected to

contribute teachers’ education and science education area.

On the other side, one of the main aims of this research is to understand pre-service
science teachers’ development of systems thinking in the case of energy. It is
targeted to understand how pre-service science teachers’ systems thinking changes
by creating an environment that pre-service science teachers’ may use their systems
thinking skills -so that their systems thinking skills may be apparent. Understanding
the relationships between PSTs’ systems thinking and other important factors such as
students’ knowledge and understanding of content area, students’ active participation
in the implementation process and other possible factors that may arise during the

implementation is expected to contribute research in systems thinking area.

In the future, if it may be possible to integrate systems thinking skills to the science
curriculum, studies are needed about systems thinking in Turkish context. This study
may contribute curriculum development area, in the context of systems thinking

regarding energy.
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CHAPTER 2

LITERATURE REVIEW

In this chapter of the dissertation, literature including systems thinking skills,
development of systems thinking and effects of implementations on systems thinking
skills, reasoning in association with systems thinking, learning energy topics,
development of students’ conceptions related to energy and effects of
implementation on students’ energy understanding topics are presented and depicted.
Since, it could not be possible to find research studies that bring together systems
thinking with energy, research related to system thinking and research related to
energy are given independently. Realizing the importance of structure of systems
thinking, initially studies related to identification and conceptualization of systems
thinking is examined. Studies related to individuals systems thinking levels and
research studies targeting improvement in individuals’ systems thinking skills are

depicted. Finally, studies related to energy are examined.
2.1 What is Systems Thinking?

Understanding and defining systems thinking skills are the initial steps in systems
thinking area. In the introduction part of the dissertation it is tried to clarify the
description of systems thinking with the help of literature about systems thinking. It
may be possible to say that systems thinking is about understanding the events from
the whole perspective. However, it is needed to clarify this general definition. In this
section initially literature related to defining systems thinking, development of
assessment tools related to systems thinking frameworks, content dependency of

systems thinking are reviewed.

One of the examples of understanding systems thinking skills from a general

perspective i1s Jaradat (2014)’s study. This research also puts characteristics of
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systems and systems thinking from the articles of the researcher’s literature review.
Among 1000 systems based articles Jaradat (2014) established the characteristics of
systems thinking and developed an instrument to assess individuals’ systems
thinking with dichotomous items. According to the author’s analysis of published
articles seven core codes arouse regarding systems thinking; interconnectivity,
autonomy, evolutionary development, emergence, complexity, flexibility and holism.
Interconnectivity is related to connectedness of a complex system including many
heterogonous systems including human, technology, culture, information and
multiple perspectives. All these systems interact to produce behavior. Autonomy
refers to each individual systems own purpose. Some of these systems’ own purposes
are sacrificed to achieve overall purpose of the system. Evolutionary development is
explained through the changes of systems due to interaction with environment.
Emergence is related to unpredictable behavior of systems because of their
constituent systems’ different behavior. Complexity refers systems complex nature
including uncertainty, ambiguity, and lack of knowledge. Flexibility is related to
adaptiveness of the system in changing conditions. Holism refers to holistic solutions
taking into consideration of related aspects. These seven characteristics applied to the
individual level to assess systems thinking of individuals. Jaradat (2014) listed
individual characteristics of a systems thinker based on these seven characteristics.
For instance; having interdisciplinary knowledge, be able to negotiate under
conflicting perspectives, take multiple perspectives into consideration, considering a
range of different solutions, understand the limitations of reductionism, identify
multiple aspects of a problem, take into consideration interactions among the system,
thinking in a holistic way and choosing the most relevant aspects. These
characteristics of a systems thinker assessed with dichotomous items and a scenario
at the beginning of these items. In another study aiming to assess systems thinking
skills by constructing a scale; researchers (Dolansky, Palmieri & Alemi, 2010)
identified six theoretical dimensions of systems thinking through an expert panel as
following; sequence of events, causal sequence, multiple causations possible,

variation of different types, feedback and interrelations of factors, patterns of
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relationships. The items produced in the light of these theoretical dimensions a 5-

point Likert type scale was developed to assess systems thinking skills.

Assessing systems thinking skills as a set of general skills is advocated by especially
researchers in economics, health and management sciences. In educational area,
especially in science education systems thinking skills are assessed content-
dependently. The content specific examples of systems thinking assessment are more
prevalent in educational area especially in the earth sciences. One of the aspects of
these studies are it may not be possible to differentiate knowledge of area and skills
related to thinking in these studies. Therefore, it is possible to say that when we take
systems thinking skills as a set of skills related to any content, systems thinking skills
are not distinguishable from knowledge. Hung, Chang and Hung (2019)’s research
gives us an idea about differentiation of thinking skills and knowledge of area when
used in a teacher’s metavisualization process of carbon cycle. Hung, Chang and
Hung (2019) investigated knowledge and skills used by an experienced science
teacher when performing metavisualization about carbon cycle. Science teacher used
both knowledge and skills in her visualization process. She frequently used content
knowledge followed by metacognitive knowledge and metavisualization knowledge,
respectively. Her content knowledge included formation of carbon compounds,
components related to carbon cycling, reactions and interactions. On the other hand,
teacher used cognitive skills frequently followed by metacognitive skills and
metavisualization skills. Science teacher’s cognitive skills included; understanding
the content of the task, retrieving resources related to task, searching for the
necessary resources and integration of the information. Metacognitive skills included
comparing, evaluating and identifying, self-questioning, planning and monitoring.
Visualization skills included using text representations, using symbolic
representations and using different colors. Researchers provided internet and
published sources to the science teacher in their study to see what is necessary for her
to visualize carbon cycle. When compared with other research studies about earth
systems in systems thinking area, in this study; aspects like identifying components

related to carbon cycling and identifying interactions are classified as content
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knowledge. On the other hand, understanding the content of the task and retrieving

sources related to task are evaluated as cognitive skills by Hung et al. (2019).

When these studies and before mentioned studies trying to conceptualize systems
thinking such as Richmond (2000), Sweeney and Sterman (2000), Stave and Hopper
(2007), Assaraf and Orion (2010), Behl and Ferreira (2014), Karaarslan (2016) and
Arnold and Wade (2017) are evaluated, it is seen that operationalization of systems
thinking changes by authors. Main issues arising from these studies are; knowledge
relationships of these skills, the effectiveness of assessments with scales and
analytical evaluation of each of these skills.

After identifying systems thinking following step may be evaluating individuals’

systems thinking skills. Therefore the assessment studies took place in next section.
2.2 Systems Thinking Level of Individuals

Students’, teachers’ and public systems thinking levels are investigated by different
researchers from various perspectives including assessing systems thinking skills as a
set of general skills, adapting systems thinking skills to many different contexts and

topics including earth sciences, ecosystems, and global warming.

Sweeney and Sterman (2000) investigated systems thinking abilities of business
school students. They developed an inventory consisting of bath tub and cash flow
tasks to investigate systems thinking concepts such as feedback, delays, and stock
and flows. The results indicated that students understanding of stocks and flows,
delays and feedback were poor. Students violated conservation of matter principle
and used inconsistent ways to deal with tasks although many of them have
background in mathematics, engineering and science. Their formal training and
experience were not reflected on their systems thinking skills. The researchers
emphasized that the tasks are not included any work beyond basic arithmetic.
Sterman and Sweeney (2002) used the same systems thinking perspective to assess

graduate students understanding of global warming. They used tasks including
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understanding of stock and flow relationships, requiring no mathematics, and
including basic facts about climate change. Similar with their previous research,
students violate conservation of matter and basic principles of physics in their
choices of answers. Many of the students believe that CO, concentration changes
immediately effects global temperate changes. This showed that they do not
recognize delays in systems. Students do not think that the temperatures will
increase; even the current CO, concentration levels are stabilized. These results
reflect the poor levels of stock and flows understanding of the graduate students.
Besides these studies, middle school students’ and their teachers’ systems thinking
skills are also investigated as a set of general skills by Sweeney and Sterman (2007).
In their research Sweeney and Sterman (2007) used similar methods as Sweeney and
Sterman (2000)’s study. They used a variety of different scenarios including events
related to; wolves and rabbits, teacher perception and students’ achievement and self-
esteem, hunger and eating, births/population, practice, performance and enthusiasm
and room clean up and parents’ attitude. Common results from these scenarios
indicated that most students had a poor understanding of feedback processes. Just
15% of students and %32 of teachers recognized closed loop connections in these
events. In time dimension most of teachers and students did not describe the impact
of time delays. When it is compared to students their teachers were likely to describe
time dimension higher. More than half of the students and 45% of teachers focused
on just inflow and did not take into account of outflow rate. 24% of students and
18% of their teachers assumed that outflow and inflow were equal. When it comes to
recognizing feedback structure approximately 25% of students and 50% of teachers
were able to recognize and differentiate balancing and reinforcing feedback loops.
Homologues reasoning is also advocated by researchers and referred to situations
although seemed different from the surface that has same underlying structure. 33%
of students and most of the teachers (77%) were able to recognize deep structural
similarities. While Sweeney and Sterman prefer to focus on different contents to
assess individuals’ systems thinking abilities, common general results arise from

their studies. It is seen that individuals have difficulties with understanding stock and
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flow relationships, time delays and feedback processes. To summarize it,
understanding dynamic processes in systems is not an easy issue for individuals

including both students from different levels and teachers.

On the other hand; Kuhn, Iordanou, Pease and Wirkala (2008) investigated students’
scientific thinking, in terms of multiple causality and consistency. Identifying
multiple causal relationships is related to understanding the systems boundaries and
identifying relationships from the systems thinking perspective. Sixth grade students
worked on a case of avalanche estimation with a limited set of variables on a
computer program. The students were successful as means of identifying non-causal
two variables. It means that they could understand what is outside of the system
when the variables readily given to them. However, the students reasoning were
inconsistent as means of labeling the same variables as causal or non-causal, when
the same situation is presented them differently. This situation may be evaluated as

the presentation context has a role while students use their thinking processes.

Students’ systems thinking skills do not seem to be developed well according to the
results of both context independent and context dependent research. In the context of
earth sciences, systems thinking of individuals are investigated prevalently. In their
study aiming to explore high school students understanding of cycling nature of the
water cycle and issues related to human water cycle interaction, Assaraf and Orion
(2005b) found that among 1000 high school students, most of them do not
understand dynamic, cyclic and systemic nature of water cycle and do not have
complete picture of it. Students recognize atmospheric part of the water cycle but do
not recognize its underground water part. They saw underground water as static, sub
surface lakes. Similarly, Lee (2015) investigated pre-service and in-service science
teachers understanding of the components, processes and relationships of water
cycle. In-service science teachers achieved 11.63 points on average from 20 points
test while pre-service science teachers achieved 7.68 points. Most of the teachers’

systems thinking were at recognition level. Teachers had difficulties when
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identifying components and processes in a system, identifying multiple relationships,

recognizing hidden dimensions and understanding human impact on water cycle.

Even students from geology and geography background have some problems about
achieving systems thinking. Batzri, Ben-Zvi Assaraf, Cohen and Orion (2015)
investigated university students’ dynamic thinking and cyclic thinking from systems
thinking perspective. In their research, college students who have geography or
geology background and students without background in geology were compared.
Geography and geology students showed higher levels of dynamic and cyclic
thinking than the students from natural sciences or agriculture. In the qualitative part
of the study geology students systems thinking is investigated in details. Researchers
found that geology students rely heavily on descriptions of structures and processes
rather than of the systems behavior. They could not see the hidden parts of the
systems. On the other hand students could realize the time dimension in geological
processes. Also, students used different cognitive models to predict or explain the
behavior of a system. The researchers could not identify the nonlinear thinking and
feedback loops and hierarchy in students’ cyclic thinking. Researchers also noted
that there were almost no expressions of the transfer of energy in the system and

students presented interactions in the ecosystem as linear chain of feeding processes.

Most of the literature about systems thinking in earth sciences indicates similar
results with content-independent research studies as means of emphasizing the
difficulties associated with achieving systems thinking. The research studies about
systems thinking levels of younger students, teachers and graduate level students
indicate that they have difficulties with understanding stock and flow relationships,
cyclic nature of the systems, recognizing hidden parts of the systems, understanding
dynamic behavior of systems, understanding feedback processes, and they use event
based explanations rather than focusing on systems behavior in general. Seeing deep
structural similarities and transfer to similar situations show differences between

samples.
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2.3 Research about Improving Systems Thinking of Individuals

Realizing the importance of systems thinking in educational area, other question
arises: how is it possible to develop systems thinking of students? The answer of this
question is not very easy however; it is possible to summarize some common
findings from the research targeting improving systems thinking skills. The effects
of knowledge integration activities, inquiry, using multimedia environments, outdoor
education and engineering design activities are investigated by researchers. These

studies summarized below.

In the case of earth systems; Kali, Orion and Eylon (2003) investigated the
effectiveness of knowledge integration activities in 7" grade students’ systems
thinking development process about rock cycle. Their knowledge integration
activities included inquiry based activities. They assessed students’ systems thinking
with a test that includes four questions. They evaluated students’ answers in a
continuum of systems thinking development from low systems thinking to high
system thinking. Low system thinking is characterized through the completely static
view of system and high system thinking is characterized through understanding the
cyclic and dynamic nature of the system. After the knowledge integration activities
students’ system thinking improved. Students’ realized the dynamic and cyclic nature
of the rock cycle after the implementation. According to the results of the study
researchers suggested that a system based curricula design should consist of gradual
knowledge building process from components to the whole depiction of the system

and a conclusion stage with differentiation and reintegration activities.

In another study; Assaraf and Orion (2005) investigated development of systems
thinking skills of junior high school students at 8" grade. In this research, students
studied the earth systems curriculum focused on the “hydro cycle”. Researchers
examined systems thinking in terms of 8 characteristics. The results showed despite
the minimal initials systems thinking abilities, most of the students made progress in

their systems thinking abilities during the period of implementation. The researchers
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concluded that conceptual understandings and amount of students’ participation

influenced students’ development in systems thinking.

Computer and laboratory work supported with discussion, and instruction are also
found to be effective as means of developing systems thinking skills of students.
Yoon (2008) investigated the improvement students’ knowledge of complex issue of
reproduction at grade 9 in a summer school implementation of 40 hours in the case of
genetic engineering. The activities included computer laboratory work, small group
discussions, whole group online discussion, constructing risk and benefit charts
about societal and environmental issues, developing concept maps related to
political, economic, social and environmental stakeholders of the issue (Yoon, 2008).
In the implementation two main topics were at the focus: animal use in genetic
engineering processes for human needs, and plant use in genetic engineering
processes for human needs. Students responses to complex genetic engineering issue
is evaluated through Jacobson (2001)’s clockwork mental models and complex
mental models framework. The results indicated an improvement in students’
understanding of complex systems concepts. At the same time students’ arguments
were also developed as means of sophistication and reasoning. The implementation
was effective as means of developing students’ decision making patterns. The effects
of computer based activities are also investigated by other researchers. Reiss and
Mischo (2010) investigated the effectiveness of different teaching methods on
promoting systems thinking in the field of Education for Sustainable Development.
They used three different conditions which include a special lesson designed to
promote systems thinking, a computer simulated scenario on the topic ecosystem
forest and a combination of both special lessons and a computer-simulation. A total
of 424 six grade students are participated the study. The results indicated that
systems thinking can most effectively be promoted through a combination of specific
lesson and exploring a computer simulation. Simulation alone led only to a small
increase in students systems thinking. In the case of systems thinking about
ecosystems; Grotzer, Kamarainen, Tutwiler, Metcalf, and Dede (2013) investigated

7™ and 8™ grade students reasoning about ecosystem dynamics. They listed novice
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and expert reasoning characteristics about ecosystems and assessed students
reasoning through this framework. They found that initially, students mostly used
event based causality in their explanations. Then, researchers investigated the effect
of using a multiuser virtual environment which offers simulated experiences for
students to help their learning about ecosystem dynamics. After using this learning
environment, students increased process based change over time explanations about
ecosystem dynamics. However, the students still had a tendency to use event based
explanations. Evagorou, Korfiatis, Nicolaou and Constantinou (2009) investigated
the effectiveness of an interactive simulation as means of developing fifth and sixth
grade students in the case of a marsh ecosystem. After the implementation students’
systems thinking skills including identification of elements of a system, recognition
of the temporal and spatial boundaries of a system, conceive the existence of
subsystems, identify the influence of specific elements of the systems on whole
system and identify the necessary changes that have role in observing certain patterns
are developed. Only one skill, identification of feedback effects in system ability did
not developed. A common result arising from these studies is that computer based
activities have a positive effect as means of developing systems thinking of students

in varying degrees.

The effects of real life experiences including live models and outdoor learning
experiences on systems thinking are investigated by researchers. Eilam (2012)
discussed systems thinking in terms of learning ecology concepts and worked with
fifty 9" grade students to reveal their systemic understanding in feeding relations. In
the research study students worked with a live ecosystem model throughout one
academic year, they receive formal instruction and laboratory support. As a result of
the study, students identify components of the system, the operations inside of it and
components’ roles in the system and interactions within the components. On the
other hand, the author noted that most of the students still present broken conceptions
about feeding relations. Students have deficient understanding of dynamic
equilibrium, feedback mechanisms, matter and energy, and process characteristics

related to feeding relations and biosphere. In addition to live models, outdoor
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learning environments are also effective as means of developing students’ systems
thinking skills. To understand younger students’ systems thinking skill development
a study conducted with 4™ grade Israeli students by Assaraf and Orion (2010), with
using inquiry-based teaching activities and outdoor learning environments about
hydro cycle concept. The research aimed to reveal whether students in elementary
level can achieve system thinking skills. Authors find out that the systems thinking
ability increased during the implementation even though students show low levels of
systems thinking skills at the beginning of the study. They argued that real life
experiences on a subject made students more competent in systems thinking and
understanding the relationships between the parts of a system. However, they noted
that most of the 4™ graders could not complete all levels of systems thinking
hierarchical model. This study indicated the importance of effectiveness of a well-
designed course on even 4" grade students’ systems thinking. Outdoor learning
environments improve students’ systems thinking for different age ranges. Long
(2015) investigated the understanding of systems of youths aged 9-11 in the context
of ecohydrological citizen science club after school and Karaarslan (2016)
investigated pre-service science teachers systems thinking skills in education for
sustainable development context. According to Long (2015) despite the initial
fragmented understanding of ecohydrological systems, youth students developed
their systems thinking in the outdoor learning implementation. Students focused on a
local canyon to understand the water cycle in nature. The study contributed the
knowledge that systems thinking of young students can be developed through
authentic research context. Similarly, Karaarslan (2016) found that pre-service
science teachers have lower levels of systems thinking skills initially. There were
individual differences between their systems thinking skills. Lower level of system
thinking skills were higher than higher level of systems thinking skills at the
beginning. According to this situation the systems thinking skills seemed to be
hierarchical and complex. At the end of the first phase of implementation including
Eymir Lake discoveries, pre-service science teachers systems thinking skills

developed to some degree. At the end of the second phase of implementation
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including work on sustainable solutions PSTs’ systems thinking skills were at
mastery level, except one skill; adapting systems thinking perspective to personal
life. All of these studies that are including outdoor experiences contributed

improvement of systems thinking skills of individuals.

Besides these studies Lammi (2011) depicted systems thinking skills of students’
from a different perspective in a different context. Lammi (2011) investigated high
school students systems thinking from structure-behavior-function framework in an
engineering design. Researcher analyzed twelve high school students’ verbal
protocols in design process and a reflective group interview. The students in the
study showed evidence for systems thinking from function-behavior-structure
framework in their design process. Students focused on structure in their designs and
they emphasized the expected and actual behavior their systems. Through the
analysis of data following engineering themes are emerged in relation with systems:
interconnected variables; that indicates students’ consideration about multiple
variables related to their design, optimization; that refers to finding solutions about
best design product by comparing technical, functional, aesthetics, and cost aspects,
unboundedness; that is about finding multiple ways of solutions and variations of
final design, sketching; that is related to drawing of design during the process,
analogical reasoning; that matching before known designs and processes to the
current design, and relevance; focused on authenticity and everyday life
connectedness of the design.

In another study from structure-behavior-function framework, Liu and Hmelo-Silver
(2009) designed two experiments to investigate the effects of different ways of
organizing hypermedia- one of them is function centered and the other one of them is
structure centered- on pre-service teachers’ and middle school students’
understanding of human respiratory system. In their hypermedia designs, structure
centered design emphasize on knowledge of structure mostly including factual
knowledge. Function centered design focuses on the organization of the system,

dynamic nature of the system and relationships between structure, function and
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behavior of the system. Hypermedia is used as medium in this study. The difference
between the hypermedia groups is conceptual representations organizing knowledge.
While the function centered hypermedia moves from function of the system to
structure of the system, structure centered hypermedia moves from structure to
function of the system. 82 pre-service teachers and 41 seventh grade students
participated to this study. Half of these pre-service teachers (from educational
psychology) assigned function centered hypermedia group and other half of the PSTs
assigned structure centered hypermedia group. Same procedure is repeated for 7"
grade students. Post assignment took place including the elements related to
structure, function and behavior of the systems after PSTs and students worked on
respiratory system in their hypermedia groups. The results of the study showed some
differences for PSTs and 7™ grade students. Two groups of PSTs differed from each
other as means of identifying non-salient phenomenon that showed the superiority of
function based hypermedia group on structure based hypermedia group. In the F-
hypermedia group students identified more behaviors than students in h-hypermedia
group. There were no difference as means of structures. As means of salient (macro)
and non-salient (micro) phenomena F- group students had a better understanding of
non-salient phenomena. The overall results showed that F-hypermedia students and
pre-service teachers have better understanding of non-salient functions and behavior

of the system.

Research studies indicate the difficulties of achieving higher levels of systems
thinking and the importance of the design of the courses to develop students’ systems
thinking. Elementary and high school level students’ systems thinking skills is not
developed in the context of earth sciences including topics related to ecosystems,
matter and energy cycles, and feeding relations. Especially, students have difficulties
with understanding dynamic nature of the processes, hidden dimensions of the
systems, and causal relationships between the events. This situation is nearly the
same for university students, even geography or geology majors. They also could not
see the hidden parts of a system and they could not realize nonlinear relationships.

Students also do not realize transfer of energy in a system. On the other hand, it is
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possible to develop students systems thinking through a well-designed course
including inquiry, virtual learning environments, outdoor environments and
laboratory activities. Also students’ use systems thinking skills through the
engineering design processes. Therefore, it may be possible to contribute students’
systems thinking development by a variety of implementation with taking into

consideration content targeted and facilities.

In this dissertation, energy topics including; energy resources, production and
consumption, effects of energy production and consumption, the relationships
between energy choices and environment are chosen as content to investigate pre-
service science teachers’ systems thinking. Individuals understanding and learning of
energy concept and issues related to energy are very important in education.
Therefore, in the following section energy related research studies are summarized
and discussed.

2.4 Individuals’ Learning of Energy

Research in energy education area may be assessed mainly into two parts to stay in
line with this dissertation’s aims; individuals’ understanding and conceptions of

energy and implementations aiming to improve individuals’ understanding of energy.

Studies about students’ understanding of energy showed that individuals’ usually
have misconceptions about energy. Trumper (1997) investigated pre-service
teachers’ energy conceptions in Israeli. A total of 608 primary school teaching
students, in their 1%, 2" 3" and 4™ years, participated in the study. According to the
results students hold a number of alternative conceptual frameworks. Most of the
students think that energy is a concrete entity. They do not accept energy
conservation and degradation. They cannot recognize different types of energy. In
addition, students confuse the concepts of force and energy. Similar results were
found by Megalakaki and Thibaut (2015). They investigated 5" grade students’
conceptions of energy and force for animates and inanimate objects. The results

indicated that students cannot make distinction between force and energy concepts,

39



do not differentiate force, energy, work and power concepts and do not use energy
conservation and energy degradation while explaining events. They associated
energy and force with objects height or weight or the agent (for e.g. human action on
object), even though in the case of inanimate objects. Ninth graders also cannot
differentiate two concepts. Only 11™ grade students are successful as means of
making distinction between two concepts. They see force concept interactionist or
else from scientific point view. They understand energy as internal or acquired. Not
all of 11" grade students take into account energy transfer and energy conservation.
Also all students have difficulties with force and energy concepts for animates. They
cannot differentiate force and energy and relate force and energy concepts to the

effort of the agent.

Besides cross-sectional studies related to energy conceptions of individuals, there are
some research studies aiming to understand developmental process of students’
energy conceptions. For instance, Lee and Liu (2010) investigated learning
progression of energy concepts across physical, life and earth sciences contexts in
middle grades including a total of 2688 6™, 7" and 8" grade students. They focused
energy source, transformation and conservation topics. The results indicated that
students’ knowledge integration level is mediocre and the concept of conservation is
more difficult than the other concepts. 8" grade students knowledge integration level
is higher than 6™ and 7" grade students. In addition, mean knowledge integration
level of students who took a physical science course is significantly higher than that
of students who took a life or earth science course. In another study, Liu and Keough
(2005) investigated if students’ understanding of energy is in line with
developmental stages. They analyzed TIMMS items related to energy for the US
sample to answer this question. Researchers compared data coming from students at
3" 4™ 7™ 8™ grade and students at last year of high school. The results of the study
put evidence on gradual increase in energy topics. Students’ correct answer
percentages increased from 3 to 8" grade about activity/work and source/form
topics. Students understanding of energy transfer increased from 7" to 8" grade and

high school level, and their understanding of degradation increased from 7" grade to
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high school. Energy conservation topic is not understood by high school students,
independent from their specialization of area. In general, specialized instruction is
important in students learning about energy. Students’ performance order from
highest to lowest according to specialization fields are as follows: physics and math
specialists, physics specialists, math specialists, and generalists. As a result of this
study students’ learning of energy is seen as a gradually expanding process and
understanding energy degradation is an important component of understanding
energy conservation. Also, Neumann, Viering, Boone and Fischer (2013)
investigated students’ conceptions of energy from learning progression framework.
They developed an assessment tool by utilizing energy learning literature. 1856
students from grades 6, 8 and 10 answered assessment tool. The researchers
emphasized that difficulty of items were in line with higher levels of energy
conceptions. This situation has a meaning of item difficulty is associated with higher
level of energy conceptions. According to the results of this study, sixth grade
students mostly understand energy forms and energy sources. Eighth grade students
understand energy source, forms and energy transfer and transformation. The deeper
understanding of energy conservation is only achieved by some of all these students
and 10" grade students. The results of their study indicated that students initially
develop an understanding of sources and forms of energy, they then understand
transformation, transfer and degradation and they later develop their understanding
of conservation of energy principle. Liu and Keough (2005), Lee and Liu (2010) and
Neumann, Viering, Boone and Fischer (2013) provide evidence for developmental
progression of energy concepts respectively; sources and forms of energy, transfer,
transformation and degradation of energy and finally conservation of energy by their

research studies.

From a different perspective Park and Liu (2016) focus on content domains that
energy concepts are used. Researchers developed an instrument to assess students’
energy understanding. According to their results, the most difficult topic for students
is energy in atomic structure, while the easiest topic is energy in living things.

Energy in chemical change and energy in photosynthesis and respiration topics
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nearly have same difficulty. Students’ understanding of mechanical energy is better
than their understanding of electromagnetic energy and energy in modern physics.
Energy in living things, ecosystems, alternative energy and energy efficiency topics
are easier than energy in photosynthesis and respiration processes. Different from the
other research studies, in this study researchers emphasized that the energy concept
as an embedded construct in science disciplines rather than an independent concept
and a progression pattern is available among science contents rather than among

science disciplines.

Apart from the studies aiming to draw a trajectory for development of energy
conception by using cross sectional evidence from different age groups, a
longitudinal study by Arzi and White (2007) explored change in teachers’ knowledge
of subject of energy through 17 years professional experience. They found that
teachers’ change in their content matter is multifaceted. The required curriculum is
the single most powerful factor affecting teachers’ knowledge as a source and
organizer. Teachers’ prior knowledge as school students shaped their interest for
further learning. The study indicated that there are integration deficiencies about

energy even among experienced teachers.
2.5 Research about Improving Energy Learning

Research about understanding energy indicated learning difficulties about energy
principles and difficulties with applying students’ knowledge related to energy to a
variety of conditions. Even chemistry majors and pre-service teachers hold some
alternative conceptions and have fragmented knowledge about energy. In addition,
teachers also do not have a holistic understanding about energy topics. Taking into
consideration of importance of energy concept as a core topic in science researchers
conducted studies aiming to handle with learning difficulties from various
perspectives. The effects of refutation texts, dynamic visualizations, and static
illustrations, teaching-learning paths for energy principles, different contextualized
environments and professional development programs on individuals understanding

of energy are investigated by researchers. While some of these studies focused on the
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methods and techniques used while teaching energy, some of them focused on

discipline based usage of energy concept.

Diakidoy, Kendeou and loannides (2003) investigated the effectiveness of refutation
texts about overcoming misconceptions related to energy. Students from 6™ grade in
six rural schools in Cyprus participated to this study. Students randomly assigned to
three conditions respectively; refutation text group, expository text group and
standard instruction group. The expository text included main ideas related to energy
such as definition of energy, energy sources and forms, energy transformation and
storage. The refutation text included two main misconceptions, conceptualization of
energy as a substance and confusion of force and energy concepts. Students who read
refutation text outperformed students in two other conditions. There were no
meaningful difference between students’ performance in groups of standard

instruction and expositor text.

Ryoo and Linn (2012) investigated how dynamic visualizations support 7th grade
students’ understanding of energy in photosynthesis process as compared with static
illustrations. Both groups’ activities shaped through the knowledge integration
framework including activities targeting eliciting ideas, adding ideas, distinguishing
ideas and sorting out ideas, respectively. In the activities, energy source, energy
transformation, energy storage and energy transfer concepts are taken into
consideration. The implementation continued 12 days in the groups. In both
conditions, students developed more scientific and coherent understanding of energy.
However students in dynamic illustration group were significantly more successful in
understanding energy transformation process in chemical reactions during
photosynthesis. Also these students could better able to connect their energy
transformation ideas to other energy ideas in photosynthesis process as compared
with students in static illustrations group. Students in dynamic visualizations group
could better able to understand the role of energy in photosynthesis, how plants gets

energy, transformation of energy during the photosynthesis process and where
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energy goes. Also, dynamic visualizations were effective as means of contributing

students’ understanding of molecular processes.

The importance of energy as means of cultural and environmental aspects is taken
into consideration by researchers. Besson and De Ambrosis (2014) developed a
teaching learning path for high school students about thermal phenomena, radiation
energy, and greenhouse effect. They implemented their activities comprising learning
path with the aim of understanding the energy concept and conservation principle.
121 students from high schools aged from 15 to 18 are participated the study.
Students’ answers show progressively more correct and appropriate use of concepts
of heat, thermal conduction, radiation, temperature, and internal energy. Results
indicated that students’ explanations of greenhouse effect based on thermal isolation

decreased and they showed more correct reasoning about phenomenon.

The context of energy principles used constituted focus point by some researchers.
Podschuweit and Bernholt (2017) investigated students’ learning about energy in
different contextualized environments. One of the groups were homogenous that
defined as means of one category power plants including different subcategories
wind turbine, coal power plant, water power plant, solar power plant. The other
group consisted different categories, wind turbine, photosynthesis, eco-fuel and
power to gas. Students’ learning was not significantly different in these two different
contextualized learning environments. In details, homogenous environment increases
the possibility of solving directly associated items to the environment. On the other
hand students in heterogeneous contexts had higher achievement scores on

contextualized items. Student achievement was similar as means of abstract items.

In addition to students’ learning of energy, teachers’ learning of energy also
investigated by researchers. Daane, VVokos, and Scherr (2014) analyzed the episodes
of teachers’ discussions who participated in a professional development program
about K-12 teachers as a part of Energy Project in Seattle Pacific University. The
results of the analysis showed that teachers used productive resources for

understanding energy. They considered both amount and forms of energy involved in
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physical processes without prompts and ideas related to energy availability and
degradation that align with statements from the NGSS. Some teachers view energy as
losing value during the certain processes, even as they explicitly recognize that the
total amount of energy is constant. The other teachers mentioned that the quality,
usefulness, or availability of the energy may decrease when the energy changes form
or when the energy disperses in space. Although teachers have used productive
resources for learning about energy, they do not have a holistic understanding of the

energy degradation and second law of thermodynamics.

As a common point, in all of these studies energy learning is investigated as means
of understanding energy resources and forms, learning and using energy transfer and
transformation, and using conservation and degradation principles while explaining
events. In a recent study, moving from the criticisms to the complex nature of energy
including many related sub-concepts, a different approach to the nature of energy
teaching is offered by researchers. Fortus, Kubsch, Bielik, Krajcik, Lehavi,
Neumann, Nordine, Opitz and Touitou (2019) investigated the effectiveness of a new
conceptually based approach. This new approach does not need energy forms
concepts while explaining events. It emphasizes interactions between energy,
systems and fields, meanly; novel approach focuses on energy transfers. In this study
energy understanding is evaluated through NGGS-aligned knowledge in use
framework to explain events. Two approaches, one of them is novel approach and
other one is forms-based approach, compared in this study. Seventh grade students
from three Midwestern schools participated to this implementation. Items to assess
students understanding of energy in relation with learning performance are
developed. In addition researchers interviewed with students after the
implementation. After the implementation both groups of students gain significantly
higher points as compared to before instruction situations. However, transfer-only
approach (novel group) students’ results were higher than forms-only approach
group. Transfer-only group students’ strongly focus on transfer idea while explaining
events, on the other hand forms-only group focused on more than one core ideas

including speed, force, forms, transformation and transfer in their explanations and
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their connections of ideas were not strongly linked. The researchers emphasize the

superiority of this novel approach among classical approach to learning energy.

It is possible to see some common results of all the studies, although their scope and
theoretical frameworks differ. To begin with individuals are more successful as
means of identifying surface or in other terms salient aspects of events or topics
examined. They have difficulties with understanding hidden, not seen, non-salient
aspects of events. As a result of this, they may not use explanatory frameworks from
scientific perspective. Direct instruction as a transmission of knowledge is not very
effective as means of overcoming these problems. Even, individual time consumed
on understanding systems or events has different effects on performance of
individuals depending on the structure of activities individuals participated. In
general, starting from the events that have real life connections seems to be more

effective as means of improving individuals learning and thinking.

Also, a necessity arises as means of implementing different approaches in relation
with energy concepts and systems thinking in Turkish context. In this dissertation,
the researcher combines energy concepts and principles around energy related issues,

focusing on pre-service science teachers’ systems thinking skills.
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CHAPTER 3

METHODOLOGY

3.1 Method

This research study follows a qualitative methodology. Since, it is aimed to
understand pre-service science teachers systems thinking skills regarding energy
topics including energy resources, energy production and consumption and role of
energy processes in our lives for a sustainable future and to monitor PSTs in an
implementation process; it may be classified as a qualitative case study. Case is
defined as a type of phenomenon occurring in a bounded context. The case of a study
may be a role, a single person, a program, an event, a group of people, an institution,
a specific policy, an environment or a period of time (Miles, Huberman & Saldana,
2014; Merriam & Tisdell, 2015). According to the qualitative researchers the social
world is complex and it is not possible to see events from the framework of linear
cause and effect relationships. Moving from this idea, cases are seen as complex
systems. Therefore, it is needed to understand this fuzzy realities by thinking them as
a whole; constituted from complex configurations, including two directional
causality or feedback loops, interaction effects, tipping points with many different
outcomes (Schwandt & Gates, 2018). Qualitative case studies search for meaning
and understanding and as an end its end product is rich descriptions of a bounded
system (Merriam & Tisdell, 2015).

In this dissertation, an implementation conducted by the researcher to understand
pre-service science teachers’ systems thinking in this process. The implementation
constituted the case of this research. Implementation is examined by pre-service
science teachers’ expressions, studies during the process, interviews, video and audio
recordings and researcher notes. It is aimed to understand the process of development

of pre-service science teachers’ systems thinking skills.
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3.2 Researcher’s Position

The researcher of the study has a background in environmental education. She earned
her bachelor’s and master’s degree in science education. She studied environmental
education in her master’s thesis. She is research assistant at the Department of
Mathematics and Science Education at a state university in Turkey. She took several
courses on environmental education during her bachelor’s, master’s and PhD
programs. Researcher has experience about qualitative research. She took course on
qualitative research in education and has two qualitative research articles and two
conference papers.

The researcher knows the pre-service science teachers who participated the research
from their laboratory courses. She participated core laboratory experiences of these
pre-service science teachers in their first and second years at science education
training including physics, chemistry and biology laboratory experiences.

According to the researcher’s worldview, the thinking patterns people look at the
events around us shape our behaviors. As people think about the events and their
connections, and they try to see the whole picture, they construct their own
worldviews, beliefs and behavior patterns. If any of kind and useful idea, belief or
worldview is not expressed as behavior, it is a lost opportunity for a better World. In
the case of environmental behavior, teachers who are one of the most responsible
people shaping next generations’ future, should have the ability of thinking in
patterns, see the connections between the events, understand the issues and find ways
to solve complex problems. Therefore, it becomes possible to provide opportunities
for their students to gain these abilities. Nowadays, more and more people are needed
who have systems thinking abilities. People need to use their abilities to understand
the World, instead of believing the spurious ideas around them. Small but persistent
attempts may have important consequences as means of solving problems. Individual
thinking and behavior may have a collective transformative role regarding shaping

society, politics, environment, economy and education. People may feel more
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responsible, conscientious and sensitive, when they widen their perspective through

changing their thinking habits.
3.3 Participants

The participants of this study consisted of 9 pre-service science teachers (6 female
and 3 male) participating science teaching laboratory course at a state university in
Turkey. These pre-service science teachers were in their third year of science
teaching undergraduate program. Their ages were at the range of 20-22 years. Their
cumulative grade point were at range of 2.87-3.29 from 4.00. They completed their
basic physics, chemistry, biology and laboratory courses. Therefore, they were

familiar with energy concepts from their formal experiences.

Researchers own experiences in their laboratory courses indicated that they have
difficulties during scientific experiments. Their basic laboratory skills and practical
thinking habits were not developed well. They usually did not make preliminary
preparation for the experiment and they were not willing for learning. There were
negative group interactions and discussions between these pre-service science

teachers. Some students did not communicate with each other.
3.4 Methods of Data Collection

Methods of data collection included before, during and at the end of STS module
implementation tools in the research process. Data collection tools included written
tests, interviews, and video and audio recordings of the class during the

implementation. They are explained in details below.

Real Life Scenario (Geothermal Case): It is developed about a real local issue (see
Appendix A). A text about geothermal crisis in Aydin is given to pre-service science
teachers and they answer questions about the case. The questions target finding
systems thinking components in PSTs’ answers. The instrument is applied before and

after the implementation to reveal PSTs’ systems thinking skills.
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Semi-Structured Interviews: At the beginning and at the end of the research,
interviews were held with PSTs about energy and systems aiming to understand their
systems thinking regarding energy and systems understanding. A total of 13
questions regarding energy topics -including concepts and issues- and 3 questions
related to systems are prepared. The interview questions are given in Appendix B.

In Class Audio and Video Recordings: During the sessions PSTs’ discussions are
video and audio recorded to understand how their systems thinking change about

issues.

In Class Student Notes and Reports: Pre-service science teachers take notes about the
discussions and answer questions during the sessions to their notebooks. Their notes
are used as a tool to support their video and audio recordings aiming to see their

development.

Researcher Notes: Researcher takes notes about the implementation process
immediately after the each session take place. These notes are helpful as means of

understanding the process elaborately.
3.5 Procedure

In this research, it is aimed to understand systems thinking development of nine
junior pre-service-science teaching students in the context of a designed STS module
implementation. These candidate teachers were the ones who participate science
teaching laboratory 1 course in fall semester. The research took place in their Science
Teaching Laboratory Practice Course | in 2017-2018 year fall semester. All 55
members of the classroom participated module implementation process since it was
not possible to take these nine students’ to the outside of the classroom and
implement the activities. Nine pre-service science teachers are monitored specifically
in classroom context. Their video and audio recordings are taken during the course
implementation. At the end of the course all students (complete of 55 students

attending the laboratory course) take final examination about energy topics and
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laboratory practices. Researcher applied data collection instruments as soon as
activities finish. After data collection procedure finished, researcher gave
information about the assessment of the course and grading. Any of data collection

tools were not used for grading.

In data collection process, written data collection tools were implemented to all 55
students to choose students who want to be voluntary data collection procedure.
Instruments were assessed and 15 students from 55 of them were chosen according to
variety of their answers to written data collection tools from basic to complex levels.
It is asked them to participate detailed data collection phase of the study. Initially, 10
of the students accepted to participate the study. In the middle of the process, one of
these students left from the research. All students (55 members of the class)
participated implementation phase and before and after implementation written data
collection tools application. Outline of research process is given at Table 3.1,
flowchart of implementation is given at Figure 3.1 and detailed explanation of

module implementation process is given at Table 3.2 below.

Table 3.1: Outline of the Research

Aim Instrument Data analysis
Before and After the Implementation:
Semi-structured interviews

Content Analysis:
Evidence from the

-To understand and Real Life Scenario (Geothermal Case) GPP case assessed
explain changes in During Implementation: .
PSTs’ systems Activities: Content Analysis:

Excerpts from the
video and audio
recordings and in-class
student notes are
examined and assessed

thinking skills before, | 2.Energy Production-Consumption
during and at the end | 3. Biogeochemical Cycles

of module 4.Carbon-Based Production
implementation. 5. Trip to a Geothermal Power Plant
7. Energy Production Systems

-To understand and
explain changes in Before and After the Implementation:
PSTs’ systems Semi-structured interviews

understanding.

Content Analysis

51



Activity 1: ACtiVit)(; 2. B_Activirt]iy 3: I
: Energy production iogeochemica
What is energy? |—> and use . Cycles
(November 28) (November 28-29) (December 5)
!
\

%ctiv(ijnl/D 4:dCa;pon Activity 5: Activity 6:
ased Froduction Trip to Geothermal .
and Its' Effects pPower Plant —>|  Water Analysis

(December 12) (December 15) (December 19)
!
\
Activity 7:
Energy Production
Systems
(December 24)

Figure 3.1: Flow Chart of Implementation of STS Module
3.6 Methods of Data Analysis

According to Miles and Huberman (1994), analysis of qualitative data may be
summarized in three phases including data reduction, presenting data and making
inferences and drawing conclusions and verification of data. At first stage, researcher
examines data and makes coding. Data are summarized; important and related
concepts and themes are chosen in this stage. At second stage data are presented with
graphs, tables or other figures. Concepts, themes and relationships are compared and

interpreted at final stage.

In the data reduction phase, data may be organized through the themes associated
with research questions or taking into consideration dimensions coming from the
interviews and questions. In content analysis main aim is to reach the concepts and
relationships that may explain data collected (Yildirim and Simsek, 2008). In present
dissertation both descriptive analysis and content analysis are held together in data
reduction phase. In descriptive analysis, data are summarized and interpreted through

the themes identified before.

52



Table 3.2: Module Implementation Process

Date

Activity Implemented

Data Collected

October 31

Data collected before
implementation

November 14

Data collected

Written data collection tools

November 21

Data collected

Written data collection tools

November 21, 23,
24, 25, 26, 27

Interviews conducted with chosen
ten students.

November 28

1% activity: What is energy?
implemented with the whole class

Interviews, audio recordings,
worksheets

November 28

2" activity: Energy Production and
Consumption implemented with the
half of the classroom in the
computer laboratory

Worksheets, Video
recordings

November 29

2" activity: Energy Production and
Consumption implemented with the
other half of the classroom in the
computer laboratory

Worksheets, Video
recordings

December 5

3" activity: Biogeochemical Cycles
implemented

Cycle drawings, worksheets

Video recording

December 12

4™ activity: Carbon Based
Production and It’s Effects
implemented

Audio recording of group
discussions, Laboratory
Worksheet

December 15

5" activity: Trip to Geothermal
Power Plant implemented

Student notes and photos
taken at power plant

December 19

6" activity analysis of water

Laboratory worksheet

December 24

7" activity: Energy Production
Systems

Video recording of the
activity, Drawings and
Presentations

December 26

Data collected with written tools
after implementation

28-29-30
December

Interviews conducted with 9
students
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Present study included categories both determined before the interviews and
categories arising from the pre-service science teachers’ statements. Initially, audio
recordings from the interviews are transcribed verbatim. Pre-service science
teachers’ names are coded as PST1, PST2, PST3, PST4, PST5, PST7, PST8 and
PST9 and researcher is coded as Q (indicating questions asked). Written statements
are read and assessed at different times. For PSTS’ systems understanding, codes are
written and grouped under categories. These categories are derived from questions
themselves. On the other hand, new categories sometimes arise from the dialogues
between the interviewer and pre-service science teachers. Codes and categories
arising from the data collection tools are presented as tables and graphs. In order to
analyze pre-service science teachers systems thinking skills content analysis are held
by the help of the framework proposed by Arnold and Wade (2017). Rubric adapted
from Arnold and Wade (2017) definitions of systems thinking used for the aim of
analyzing data under categories. The rubric presented researcher predetermined
categories to evaluate systems thinking skills. These predetermined categories are
presented as skills. Arnold and Wade (2017)’s rubric is modified through the data
collected during this study. Some of the skills in original rubric are not evaluated
since there was no evidence regarding these skills. The results arising from the data

are discussed and interpreted.
3.7 Trustworthiness of the Study

Trustworthiness of a qualitative research deals with the issues such as researchers’
interpretation of the phenomenon, the generalizability of the results, researchers as a
data collection and analysis instrument, the confirmability of results by different
researchers, researcher bias, researcher effect and adequacy of data (Merriam &
Tisdell, 2015). These issues are explained under the following subheading as

credibility, consistency, transferability in the study.
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3.7.1. Credibility

The credibility issue is related to congruence of the research findings with reality.
The methods to ensure credibility for a research study includes triangulation,
member check, adequate engagement in data collection, discrepant case analysis,

explaining researcher’s position and peer examination (Merriam & Tisdell, 2015).

In this study, a variety of methods were used to ensure internal validity including
triangulation, adequate engagement in data collection, explaining researcher’s
position and peer review. For one research question, more than one data collection
tools are used. Meanly, pre-service science teachers’ systems thinking skills
examined with data coming from real life scenario, interviews, group discussions and
classroom notes. The results arising from multiple data sources compared and

explained.

Adequate engagement in data collection is ensured through the number of
participants in the study and time spent on data collection process. Indeed, data
collection procedure continued through the module implementation process, besides

before and after the module implementation.

Another researcher experienced in systems thinking area examined data and checked
the inferences made by the researcher. This procedure is held for systems thinking

and system understandings of pre-service science teachers.
3.7.2. Consistency

Consistency or dependability refers to consistency of research process and stability
of the research over time and across researchers and methods. The methods to ensure
the dependability of a research are clear statement of research questions, the
congruency of design of the study with research questions, stating the role of
researcher in the study, specification of the connectedness of research to the theory,

inter-coder agreements, and peer review (Miles, Huberman & Saldana, 2014).
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In this research the congruence of research questions and research design ensured in
the light of research literature. The connectedness of the research to the theory is
controlled by checking the analysis through the lens of framework. A rubric adapted
through the framework is used for understanding the development of systems
thinking skills of pre-service science teachers. The rubric provided pre-determined
categories that refer to the systems thinking skills. Two researchers, one of them is
expert in the field of systems thinking, checked the excerpts coming from data

collection tools and consistency between the inferences is ensured.

Inter-coder reliability by two researchers is used as a method to ensure validity for
analysis of interviews. The formula used for coder-reliability is given below (Miles
and Huberman, 1994 p: 64):

Reliability= number of agreements / (total number of agreements+ disagreements)

According to Miles, Huberman and Saldana (2014) an intra or inter-coder agreement
should be within the range of 0.85-0.90. In this research, inter-coder reliability for

the interviews is found to be 0.87 for categorical level.
3.7.3. Transferability

Some strategies including giving thick descriptions of the setting and maximum
variation in sampling are offered by researchers to increase the transferability of the
results of a study to other settings (Merriam & Tisdell, 2015). Detailed descriptions
include detailed presentation of participants, method and setting of the study besides
descriptions of findings with quotes from data collection tools during the research
including interviews, notes, records and documents (Jensen, 2008; Merriam &
Tisdell, 2015).

In this research to ensure transferability, researcher gave the details of the
implementation process and data collection process by describing in details. The
characteristics of participants and setting are presented. Descriptions of statements of
pre-service science teachers are written in details.

56



3.8 Ethics

A series of issues considered related to ethics from beginning to the end of this
research. These issues included consent, transparency, right to withdraw, harms
arising from participation in research, and privacy (BERA, 2018). From the
beginning of the research participants are informed about the research and assigned
consent forms (Appendix E). They knew that they could give up the study if they
wanted. The study did not include any potential harm or disadvantage. Since all of
the students participated the implementation in the classroom, all participant in the
classroom facilitated the potential benefits of the students. Participant pre-service
science teachers’ informations related to personal knowledge and their names are not
used and shared. Instead anonymous coding is used to differentiate the participants.
Besides individual consent forms, permissions from university’s Human Ethics
Committee (Appendix G) and implementation permission from the faculty
administration are taken (Appendix F).
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CHAPTER 4

RESULTS

This chapter is organized through the presentation of the STS module for energy,
assessment of each pre-service science teachers’ system thinking skills before, during
and at the end of the module implementation trying to answer the following research

questions:

1- What are the activities to be contained in the STS module for developing
PSTs’ systems thinking skills in the context of energy?

2- How pre-service science teachers’ systems thinking skills in the context of
energy can be developed through a systems thinking module?

3- How do pre-service science teachers’ systems understanding change during

the implementation of systems thinking skills module for energy?
4.1 Systems Thinking Skills Module for Energy

Systems thinking module for energy designed by taking into consideration of factors
including; the topics should be consisted in the module in relation with energy, the
instructional methods could be used in the module, the feasibility of the activities for
pre-service science teachers. According to these three areas, the results of the
systems thinking and energy learning literature shed light into the module

development process.

Energy topics are rarely taken into consideration from the environmental, social,
technological and economic aspects during the educational process of individuals.
However, the connections between these aspects in relation with energy should be
taken into consideration in a Systems Thinking Module. Therefore, topics including,

energy concepts, energy production and consumption, biogeochemical cycles and
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energy production systems are included in the module. Each of these topics
emphasizes the environmental, social, economic and technological aspects of energy

issues and the topics included in the module explained in details below.

4.1.1. Energy Production and Consumption

Energy Production and Consumption is a system that consists of several factors
affecting both consumption and production. Consumption is mainly shaped through
production. Production is affected by several factors, including resources for
production, economy, technologies, human force and engineers. Similarly,
consumption is affected by many factors, such as population, industrialization,
transportation, climate, technology, habits, and life standard (Annenberg Foundation,
2017). Taken together, all these factors act together as a system forming energy
consumption. The nature of relationships between system components is usually not
unidirectional and linear, but reciprocal and complex. Nearly, all human activities
dependent on the energy availability formed through many of interrelated factors.
Energy availability has social aspect; consisting of filling the gap in reaching reliable
energy services that is related to peace and security, economic aspect; as means of
job creation and economic growth and environmental aspect; related to threatens of
biodiversity, climate and environmental destruction (UNDP, 2016). Solutions related
to these problems are not obvious and require understanding the big picture
(Aronson, 1996). Therefore, understanding energy production and consumption
process is very important and requires systems thinking skills. Choosing energy
consumption topic as a case for activities, it is targeted to develop pre-service science
teachers, structural systems thinking skills including; identification of relationships
in a system, characterization of relationships, and identification of feedback loops
skills, besides mindset domain skills. On the other hand, it is expected for students to
understand the role of humans about social, economic, and environmental aspects of

the energy production and consumption.
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4.1.2. Biogeochemical Cycles

Processes related to energy on the Earth are inextricable from environmental issues.
Earth is a system that is composed of many subsystems. Deficiencies about students’
thinking in relation with earth systems especially in relation with biogeochemical
cycles pointed out by various researchers in the educational area (Gudovitch &
Orion, 2001; Assaraf & Orion, 2005; Raia, 2005; Libarkin & Kurdziel, 2006; King,
2008; Assaraf & Orion, 2010; Lee, 2015) Therefore, students’ systems thinking
about biogeochemical cycles is important as a part of their systems thinking about
energy issues. Pre-service science teachers are expected to be familiar with main
topics such as water cycle and carbon cycle from their learning experiences. Their
familiarity with these topics is assumed to serve as basis for their thinking about
mechanisms governing the issues about energy and environment. Moving from these
assumption, two of the cycles mostly emphasized in systems thinking literature,
carbon cycle and water cycle, are added to the implementation as sample topics to
make pre-service science teachers more familiar with environmental effects of

energy processes.
4.1.3. Carbon-Based Energy Production

From the 1960s to 1970s; nearly 94% of total energy consumption in the World
based on fossil fuels including; coal, oil, petroleum and natural gas products. After
the 1970s to 1990s this ratio moved between 85-80% of total consumption, and in
2015; 79.6% of total energy consumption was based on fossil fuels (World Data
Bank Statistics, 2019). Today, although intensive efforts take place to increase
alternative and renewable resources for energy production, the World is still depends
on carbon-based resources to produce energy for human needs. The costs of the
dependency on fossil-fuels are now evident, especially when the World is in global
climate crisis. Since Carbon-based energy production is a big part of energy issues, it

is chosen as a topic for implementation.
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4.1.4. Geothermal Energy

Geothermal energy topic is a controversial issue in the location of the
implementation. Since, it is an issue that is closely connected to pre-service science
teachers’ lives and there are a lot of debates about the issue, it is chosen as a topic for

the module.

Normally, geothermal energy is known as environmentally-friendly, sustainable and
renewable energy source (Annenberg Foundation, 2017). Underground hot water
resources are used for producing electricity, greenhouse cultivating, and heating in
geothermal energy production process. Since the underground water resources are re-
injected to underground after use, the resource is not consumed but sustained.
However, the intensive agricultural practices, olive and fig production are prevalent
in the location. It is claimed that farming and production practices, air quality and
water resources are affected negatively from geothermal power plants. Non-
governmental organizations, farmers, people in the location are showing reaction to
the issue. In the long run, this situation changes the face of the location. The
geothermal situation is a small part of a big change. Therefore, it is very important to
understand geothermal case from the systems thinking framework. In the geothermal
power plant case, nearly, all systems thinking skills including two areas of systems
thinking gaining insight and using insight may be investigated. The rational for
choosing geothermal power plants case for the implementation is based on these

mentioned aspects of the issue.

After tasks were chosen activities were designed for STS module. Through the
design process, the instructional methods and design principles chosen targeted
PSTS’ active participation to the implementation process. Different resources from
systems thinking literature, energy learning literature and science education literature
taken into consideration (Chen, Einsenkraft, Fortus, Krajcik, Neumann, Nordine &
Scheff, 2014; Crowley, Schunn & Okada, 2008; Jonassen & Land, 2012; Karaarslan,
2016; KEEP, 2017). Activities in the module targeted developing systems thinking

skills. The module comprised of seven activities. The activities, related teaching
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methods and outputs of activities as data collection tools are given at Table 4.1
below. Some samples from designed activities are given in Appendix C.
Table 4.1: Systems Thinking Module for Energy Context
SYSTEMS THINKING MODULE FOR ENERGY
Activity Related Topic/Purpose | Teaching method | Activity | Method
output of
Analysis
1% activity: . Open ended )
. Energy in science questions, Interviews,
What is . , . . !
energy? /determining students DISCU:_SSlon,_ audio
' knowledge of energy watching videos, | records
individual study
2™ activity: Energy pr_oductlon an_d Student
consumption/developing . worksheets
Energy \ gy Data analysis .
. PSTs’ systems thinking , video
Production and : .
. skills recording
Consumption
Biogeochemical Cycles, . - 4
31 activity: Energy and Environmental i[;l::elzgéslnstructlon, Cvele
Biogeochemic | Relationships/developing : _ ycle
\ L assignment: drawings,
al Cycles PSTs’ systems thinking and ’
. drawing carbon worksheets
general understanding of
and water cycle
systems
Inquiry based
. instruction
4" activity: . _ InS ’
Carbon Based BlogeochemlcaI_CycIes, Iabora_ltory . Content
. Energy and Environmental | experiment: What | Laboratory .
Production and lationshi lobi hei f ksh analysis
Its Effects Relationships/ deye oping are the impacts of | worksheet
PSTs’ systems thinking carbon based
energy production
on environment?
5™ activity: Geothermal energy, Energy
Trip to and Environmental, Social,
Geothermal Economic, Technological Field trip -
Power Plant Relationships/developing
PSTs’ systems thinking
Environmental Laborator
6™ activity Relationships/developing | = erimer¥[ a8 Lab
analysis of PSTs systems thinking delrononstration worksheet
water skills
7" activity: Energy Production In class Drawings,
Energy Systems/developing PSTs’ | assignment: presentatio
Production general systems energy production | ns and
Systems understanding systems discussion
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4.2. Pre-Service Science Teachers’ Systems Thinking Skills

The instruments that aimed to understand student systems thinking skills were
geothermal power plant real life scenario, PSTs’ notes during the implementation
and interviews conducted both before and after the implementation. In the scenario
students read an article based on a real life event, and then they were allowed to
answer written questions. In the interviews, the questions related to energy and
energy issues are asked to them, and their answers are assessed. Also, PSTs write
down some notes during the activities. The analysis of data coming from the data
collection tools, are held by the help of rubric proposed by Arnold and Wade (2017).
Some of the skills proposed by researchers are not used, since there is no evidence

related to the skills coming from the data collection tools.
4.2.1 Mindset Domain
4.2.1.1. Explore Multiple Perspectives

According to Arnold and Wade (2017) definition of systems thinker, a system
thinker investigates an issue or a problem objectively by taking into consideration
multiple perspectives. Even these perspectives are unfamiliar or contradicting with
the systems thinker’s views, system thinker is able to use these perspectives while
understanding the issue. Geothermal power plant case is used for assessing pre-
service science teachers’ skill about exploring multiple perspectives. In the case of
geothermal power plants, the stakeholders of the problem include people living in the
region, farmers, employees of the GPPs, policy makers, administrators and peasants.
Different people may have different ideas about the issue. They may think of
monetary issues, environment, or health. Therefore, it is important to understand if
the pre-service science teachers are able to take into consideration of as many as
ideas that they are able to use while understanding the issue or they are just assessing
the issue from only one perspective. PSTs’ levels of maturity regarding exploring

multiple perspectives are assessed through the rubric in Table 4.2 below.
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Table 4.2: Rubric for Evaluating Explore Multiple Perspectives Skill (Adapted from Arnold and
Wade, 2017)

STS: Explore Multiple Perspectives

Low Maturity Developing High Maturity

Recognizes the presence of Actively emphasizes and

Considers issue from only different perspectives
; . ; compares many faces of the
one perspective, for example regarding the issue. S/he issue. althoudh they ma
s/he makes emphasizes tries to look at the event ; aithougn they may
contradict with his/her own
constantly on the problems from more than one opinions. S/he does not
of health. perspective including a P '

difference between the ideas. | '0"°'¢ contradicting ideas.

According to the results of the assessment PSTs’ Systems Thinking Skill levels are
given at Table 4.3.

As means of considering multiple perspectives, before the implementation most of
these pre-service science teachers think about geothermal power plants from only
their perspective, indicating usually negative attitudes about the issue. In details,
PST2 tries to explain the issue from the side of the people living the location and
farmers. PST3 considers only effects of GPP on human health. She does not consider
the other perspectives related to the issue. She gives detailed explanations on the
importance of human health regarding with the GPP case. PST4 and PST6 consider
the negative aspects of GPPs, as means of human health and environment. PST7
considers the issue from only his own perspective. He usually emphasizes
environmental pollution. PST8 considers similar perspectives. He emphasizes
economic and developmental aspects of the issue. Similarly, each of these pre-
service science teachers considers only one aspect of the issue and this aspect is
usually human health or environment. PST1 gives very limited explanations, usually
emphasizes that he does not know GPPs. He prefers not to talk or think about the
issue. PST5 and PST9 have different ideas about the issue from the other PSTs.
PST5 is able to emphasize two different aspects of the issue, namely; growth in
human needs and environmental issues. PST9 is able to look at the issue both from

the dependency of foreign resources, health and natural damage at the same time.
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After the implementation six of nine pre-service teachers including PST1, PST2,
PST3, PST6, and PST7 take into consideration of contradictory perspectives in
addition to their own ideas. In details, PST1 still gives limited explanations, however
he takes into consideration of the two contradicting aspect of the issue. PST2 does
not make certain claims about the issue. She takes into consideration two
contradictory perspectives in the issue, tries to elaborate the different ideas. PST3
gives detailed explanations about the effects of GPPs as means of human health and
also natural resources. On the other hand, she talks about the engineer’s ideas
working in the GPP. PST6 considers the positive aspects of the issue. While
emphasizing positive aspects she considers the health and agricultural issues. Also,
she considers the negative aspects of the issues to be investigated. PST7 considers

different perspectives including unfamiliar ones for himself, similarly.

PST4 considers the negative aspects of GPPs, as means of human health and
environment. She does not consider different aspects. PST8 emphasizes his own
perspective regarding economic aspect of the issue although he recognizes the
presence of different perspectives. However, he ignores the reactions and thinks that
people have wrong ideas about the issue. PST5 considers the different aspects of the
issue including both positive and negative ones. She takes into consideration of
different ideas regarding the issue while trying to make a decision. PST9 forms her
own ideas about geothermal after the implementation. While, before the
implementation she took into consideration of different aspects of the issue, after the
implementation she focuses on the renewable aspect of the resource and advocates
the use of GPPs. She does not ignore the effects of GPPs, however she does not think
that their affect may not be damaging as the other non-renewable resources. She does
not add any new ideas to her view. She shows a more certain stance to the issue.

PSTs mostly develop explore multiple perspectives skill after the implementation.
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Table 4.3: Explore Multiple Perspectives Skill of Pre-Service Science Teachers

PST

IS

STS Level

Quotes

PST1

NA (Not
Applicable)

Q: What do you think about the GPP issue?
A: 1 do not know the GPPs and their effects, if it is really
harmful, | may react.

Al

Developing

Although GPPs may be little harmful, its’ effects may
develop if the necessary hesitation is not shown. If the
precautions are not taken it may negative effects as means of
human and environment.

PST2

Low
Maturity

...I support people in the location.
... The observers of the situation are people and farmers in
the location. Mortality increases.

Al

Developing

I am not a close witness of the issue.

...A platform may be created to understand two sides of the
issue...

There is a tension between the people...

If the regulations are taken into consideration, the harmful
effects may be minimized.

PST3

Bl

Low
Maturity

I want to live in a healthy city. Otherwise, | apply to the
authorities.

In fact, GPPs do not work without their permission.
However, they may do something if they hear the complaints
of people.

Al

Developing

When the waste materials are released to the water, human
health is threatened. The balance of water is destroyed.
Animals die.

On the other hand, according to the engineer in the factory,
no problematic issue arises.

... At the GPP location we saw the people who work for
greenhouse cultivating. The products seemed to be fine and
water resources were clean.

PST4

Low
Maturity

This bad smells may affect human health. Agriculture and
nature, also...
Natural balance will be destroyed.

Al

Low
Maturity

This issue threatens human and nature. It may have negative
results. Human, animals, plants may die. Remaining waste
materials affect all living organisms.

PST5

Developing

When the conditions are convenient and industry is
developed, the population and human needs will increase.
Then different methods will be required.

... The gases may cause mutations and destroy environment
permanently. Agriculture and trees may be affected
negatively.

Al

High
Maturity

... Contrary to the known, the need for electricity may be
supplied from GPPs. However if it is really harmful, it may
be damaging for environment and human.

... If it is not harmful, it may be fine to get energy from a
renewable resource. Economy develops.
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Table 4.3 (continued)

PST6

Low
Maturity

...The gases released to the environment affect the soil and
air and destroy balance.

...I have certainly negative attitudes about this issue. We
should use alternative resources, however if these resources
are harmful for human health we should find other resources.

Al

Developing

I think that when renewable resources are used, both
financial loss and damage will be minimized.

...Itry to change the idea that GPPs are harmful, because |
know that they do not have so prevalent negative effects. The
reasons for agricultural damage and mortality should be
investigated.

PST7

Low
Maturity

I have been living in the city for 20 years. In Sultanhisar air
pollution increased. We cannot ignore it. | even do not want
to mention Menderes River. ...The GPPs should be closed
down. ...Nobody listens to us, the best solution is to move
another city.

Al

Developing

It may be a beautiful place, if owners of GPPs become
conscious. It is important to take into consideration of nature,
not just money. I am aware of people’s complaints. I cannot
keep silent.

...Some GPPs affect nature and human negatively.

PST8

Low
Maturity

My idea is certain. GPPs are prevalent in developed
countries. The most important issue is to control the GPPs.
If | were a plant owner, | make speeches about the
importance of GPPs as means of the economy and
employment.

Al

Low
Maturity

We see that people have wrong knowledge about the issue.
GPPs are very beneficial when used properly.

People think that nature may be affected. However they are
wrong. Using GPPs for politics come into fashion.

PST9

High
Maturity

Since geothermal energy is a renewable resource, it is a little
harmful for the environment. Its usage will decrease the
dependency on petroleum, coal and fossil fuels. However, if
we think about the damages on fig and olive production, the
agricultural quality will decrease and human health will be
affected.

Al

High
Maturity

Geothermal energy is a natural source that is continuous. The
water used in the process is reinjected. It is less harmful for
nature.

...If T were a farmer, I did not behave biased. | investigate
the effects of GPPs and if they are not harmful, | support
them.

4.2.1.2. Consider Issues Appropriately

Pre-service science teachers’ consider issues appropriately skill is searched through

the evidence from different parts of their answers about Geothermal Power Plant
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Case. PSTs’ levels are mainly assessed through their statements as stakeholders
about the issue and their statements about results of the issue. As means of
considering issues appropriately, high maturity is characterized as giving time to
absorb the complexity in the event, while low maturity characterized as immediately
reacting to the issue. Rubric at Table 4.4 used for assessing PSTs consider issues
appropriately skill.

Table 4.4: Rubric for Evaluating Consider Issues Appropriately Skill (Adapted from Arnold
and Wade, 2017)

STS: Consider Issues Appropriately

Low Maturity Developing High Maturity

Takes a reactionary Allows time to understand | Allows time for complexity

anoroach to the issue the issue and complexity, and does not directly jump
ppr . however sometimes still to conclusion, without
immediately. . : . X
jumps to conclusions. understanding the issue.

Before the implementation of the module most of these pre-service science teachers
show immediate reaction to the issue without a detailed understanding of the issue.
Their reactions included the issues regarding environment and health problems. They
usually emphasize the importance of health problems related to energy production.
They directly jump to conclusions and portray a pessimistic results pattern including
increase in deaths, cancer and health problems. The maturity level of these PSTs
namely; PST2, PST3, PST4, PST7 and PST8 are classified as low regarding consider
issues appropriately skill. Three of nine pre-service science teachers namely; PST1,
PST5 and PST6 do not give immediate reaction to the issue, while they sometimes
go to the results. They do not quickly make judgment about the issue. Therefore,
their level of maturity is assessed as developing. PST9 follows a different trajectory
before the implementation from the other candidate teachers. She evaluated the issue
from the perspective of advantages and disadvantages of GPPs and tries to find a
solution. Her answers to questions indicated a high level maturity about consider

issues appropriately skill.
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After the implementation four of these nine pre-service science teachers PST2, PST3,
PST7 and PST8 increased their maturity level from low level to developing level.
While these pre-service science teachers showed immediate reaction the issue before
the implementation, they try to evaluate the issue with information from different
sources and do not react to the issue. PST6 increased her maturity level from
developing to mastery after the implementation and PST9 expressed similar ideas
both before and after the implementation indicating a high level of maturity as means
of consider issues appropriately skill. Only one of these pre-service science teachers,
PST4 stayed at low maturity level after the implementation. She does not use
different information resources while telling the events and she directly does to
conclusions with reaction, without an elaborated understanding. A general trend
towards developing in these pre-service science teachers’ consider issues
appropriately skill is identified through their answers regarding GPP case. The

quotations from their answers are given below.

Table 4.5: Consider Issues Appropriately Skill of Pre-Service Science Teachers

PST | IS STS Level | Quotes

PST1 | BI Developing | I do not know geothermal energy and its effects. If it is really
harmful, | have a reaction.
Al Developing | If GPPs are not used with attention, they may be harmful for

environment. ...No matter to what degree GPPs are harmful,
if they are not used with sensibility, their harms may
increase. ...Everyone should do their job better.

PST2 | BI Low ...The use GPPs are harmful for the environment in their
Maturity | location. The mortality and tree deaths may increase. People
may be obligated to immigrate.

...The first hand observers are people in the location and
farmers. Mortality, tree and animal deaths may increase. The
observations support this.

Al Developing | When GPPs used properly, they may not have harmful
effects. However, when the rules are not obeyed it may
destroy the environment. ...I probably do not want GPPs in
my hometown. I may react against it. ...I want to make a
common decision with farmers if | was a director of a GPP,
but this decision affects my benefits. | give information to
farmers. ...An environment may be established for
stakeholders to listen and understand each of them

...It increases the tension between the people and also as
means of environment. | heard that one of my friends was
obligated to uproot their olive trees.
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Table 4.5 (continued)

PST3 | BI

Low
Maturity

When there are fault lines, the fertility of the soil increases.
GPPs decrease the fertility and change the climate. They
have fatal effects. All of these are real, however these facts
are told by ignorance.

...In the future, life does not continue, climate is destroyed.
The weather becomes either too cold or hot. All the living
organisms die except bacteria. Even, bacteria die.

Al

Developing

I could not understand the issue before. Now, I think that
when some conditions are supplied, GPPs are not harmful.
Near the GPP, we saw greenhouse cultivating, clean water,
and fine agricultural products. Also, the workers in GPP
seem to be healthy. ...As mean of the ones that release their
waste materials to the water, they threaten our health. They
threaten to themselves, their children and next generations.
They destroy nature. They affect the balance of water.

PST4 | BI

Low
Maturity

If GPPs are harmful for human health and agriculture, it
would not be fine. llIness increases, economy gets worse
...As a person living in this city, [ am very disturbed with
bad smells. Geothermal energy either should be reduced or
should not be used.

Al

Low
Maturity

I think that our future will be affected negatively. As a
person living in this city, | am disturbed with that smells.
This issue threatens human and nature.

PST5 | BI

Developing

...Junderstand that the alternative ways to improve
workforce may be harmful for human and nature. For
example in the history, the process related to industrial
revolution that coal started to use by people, increased the
workforce, however increased CO, emissions is harmful for
health. The harmful materials or gases caused from the GPPs
may result in mutations on the people in long term. They
may destroy nature. ...I did not investigate about the issue. If
this information is proved to be true, GPPs may be harmful.

Al

High
Maturity

...Contrary to known, we may supply our electricity need
from GPPs. On the other hand, if effects of GPPs are
extensive, increase in cancer ratios, infertility and mortality
may increase. ...I have been informed after the GPP trip.
GPPs are not very harmful when the precautions are taken. |
am not a partisan of GPP; however | am also not an opponent
of it. | still have doubts.

PST6 | BI

Developing

If | have certain evidence that the trees are drying out
because of GPP, | use my rights.

...I have negative attitudes about this issue. Yes, we should
use alternative resources, however if these resources are
deleterious for our health, we should find other resources.

Al

High
Maturity

I would investigate the reasons of the deaths and natural
destruction, there may be different reasons except GPPs.
...Meetings may be arranged to raise consciousness.
...It is hard to predict the results of GPPs in long term.
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Table 4.5 (continued)

PST7

Low
Maturity

Question: What would you do about GPPs if you were a
farmer?

Answer: It is not enough to complain municipality. In fact, |
do not think that they listen to us. The only way is to move
another city.

Answer: If | were a director of a GPP | would think myself
and my family and shut down the GPP.

Al

Developing

...If inappropriate GPPs were closed down, harmful gases
were not released, and people were informed, Aydin would
be a beautiful place.

...If we do not take events considerations from the monetary
perspective and we see the harmful effects of GPPs, it would
be better. | am aware of the complaints of the farmers, |
cannot keep my silence.

PST8

Low
Maturity

If GPPs were continued to increase, city would be
developed, employee ratio would increase. Industrialization
would increase. However, agriculture would be affected
negatively. People’s reaction would affect energy
production.

If I would be a farmer living in the city | do not give up the
truths I believe in, I hear the sounds “We are right, we will

LT

win .

...If I would be a director of a GPP I would make speeches
to shut up people, “money and power will be ours!”

... Tam sorry, but as we continue to develop, nature will be
damaged.

Al

Developing

Initially we see that people have wrong knowledge about the
GPPs. When geothermal used properly and controlled, it is
very useful for the city.

...People may boil over, however I do not think like that. It
may be a chance for development.

PST9

High
Maturity

The advantages of GPPs should be reconsidered. GPPs are
less harmful to the environment from the other resources
such as coal and natural gas. However if it is harmful for the
agriculture, it may affect economy. If the disadvantages are
decreased and precautions are taken, GPPs may be used.

Al

High
Maturity

The disadvantages of GPPs are not very extensive. They
release some sulphur gas to the atmosphere, and they cause
some soil pollution. Only it requires large land. It is less
harmful for atmosphere and nature.

...If I would be a farmer, I investigate the effects of GPPs
and | increase my knowledge about the issue.
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4.2.2 Content Domain

Content domain is relevant to the boundaries of the system at hand; what it includes
or what is outside of the system. Usually, it is not easy to make a decision about the
boundaries of system since the boundaries change with the context and they are not

clear.
4.2.2.1. Maintain Boundaries

A systems thinker is able to define the boundaries of a system. Also, when the
context changed s/he is able to follow the changes about the boundary of a system.
For instance, in the GPP case, necessity of energy, health issues, natural damage, and
people’s reaction stays in the boundaries of the system, while tourism and
earthquakes stays far from the issue at hand. Pre-service science teachers’ statements
in relation with key words, big issue, events and explanations of their understanding
of the issue are used as data sources for understanding their decisions about the
boundary of the issue. Pre-service science teachers’ ability to decide the boundaries
of the system is assessed through the rubric given above at Table 4.6. The results are

given at Table 4.7.

Table 4.6: Rubric for Evaluating Maintain Boundaries Skill (Adapted from Arnold and Wade,
2017)

STS: Maintain Boundaries

Low Maturity Developing High Maturity

Defines the boundary of the
system with accuracy even
the system changes over
time and context.

Defines the boundary of the
system including most of the
relevant items.

Cannot define the boundary
of the system

Before the implementation PST1 gives very limited explanation about the boundaries
of the issue. PST2 is able to talk about the elements of the issue with accuracy. PST3
focuses on events one by one, however she adds some far related elements to her
explanations, and loses the main focus of the issue. PST4 focuses on some elements

in the scenario, excluding some of the main others. PST5 mentions most of the
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elements while defining the situation from her own perspective. Both PST6 and
PST7 take into consideration of negative elements while defining the situation. PST8

emphasizes the presence of both advantages and disadvantages of GPPs.

After the implementation nearly half of these pre-service science teachers namely;
PST1, PST3, PST6, PST8 recognize people factor in the situation and emphasizes the
reaction, consciousness or knowledge level of individuals. PST2, PST4, PST5 and
PST7 emphasize the similar factors both before and after the implementation. PST9
Is not able to decide the boundaries of the system after the implementation, as an
interesting issue. It is possible to understand that she does not focus on the energy
production process and issues related to this process after the implementation, since

she does not attribute any responsibility to GPPs.

On the other hand, pre-service science teachers usually focus on the events that they
think as advantage or disadvantage of GPPs. This situation makes it hard for them

focus on flow of events and comprehend the boundaries of the issue in its context.

Table 4.7: Maintain Boundaries Skill of Pre-Service Science Teachers

PST | IS STS Level | Quotes

PST1 | BI Low Aydin is an important city, but geothermal is destroying the
Maturity | city.

Al Developing | The advantages and disadvantages of GPPs, people’s
consciousness and their reactions are interrelated.

PST2 | BI Developing | GPPs have both positive and negative aspects. Human need
energy to continue their lives. Unconsciousness use of
energy threatens human life.

Al Developing | People in the region do not like GPPs. They think that the
source of the problems they faced is geothermal. The
population increases and the need for energy increases.
Drying out of trees and figs shows geothermal as target.

PST3 | BI Low When there are fault lines, fertility increases. GPPs decrease
Maturity | fertility, change climate. They have fatal effects... Mortality,
dried trees, changing climate are because of geothermal.

Al Developing | Is geothermal harmful for agriculture, is it the reason for
mortality? Mortality, worsening in agriculture, infertility,
and people’s reactions are events.

PST4 | BI Low I understand that geothermal can be harmful for the
maturity | environment. There are problems in agriculture. People have
health problems.

Al Low I understand that geothermal effect human health and
Maturity | agriculture negatively.

73



Table 4.7 (continued)

PST5 | Bl Developing | The alternative ways that increase human workforce may
have negative impact on human health and environment. For
example, the use of coal starting with industrial revolution
increased workforce while it has negative impact on human
health. Every new phenomenon may not have positive
effects for humanity or environment.

Al Developing | When the power plant have positive impact as means of
providing needs and making production easier, it is not

understood well or it could not be possible to solve the

problem.

PST6 | Bl Low Geothermal energy is harmful for nature, it affects air and
maturity | soil, production decreased and GPPs are blamed as reason
for deaths and these events.

Al Low People’s reaction towards geothermal resources. People
maturity | think that geothermal is the reason for damage in agriculture
and increase in mortality ratio.

PST7 | BI Low The issue is about the negative effects of geothermal on
maturity | environment.
Al Low Some of the GPPs have negative effects on environment in
maturity | the region we lived.
PST8 | Bl Low We understand that Aydin is an important city because

maturity | geothermal has increased. Geothermal has both positive and
negative impacts.

Al Developing | People react to the GPPs. When Aydin continues to develop,
people started to protect their city.

PST9 | BI Low The gains of Aydin with GPPs and the negative effects of
Maturity | geothermal on agriculture and production.
Al Low Aydin has both advantageous and disadvantageous situation

Maturity | because of its location.

4.2.2.2. Differentiate Elements

In line with the GPP scenario, pre-service science teachers’ ability to differentiate the
static components and processes are investigated. Following questions related to GPP
scenario are asked to PSTs to understand if they are able to differentiate the elements

in geothermal power plant scenario:

e What are the key words in this real event? (components)
e How many small events there are in this big event? (processes)

e What are the names of these small events? (processes)
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In these questions while key words refers to static components, events refers to
dynamic processes. Therefore it is important to understand if pre-service science
teachers are able to differentiate events and key words. The components and

processes as identified by researcher are given at Table 4.8.

Pre-service science teachers’ answers to this three questions are evaluated through
components and processes identified by researcher. Pre- service science teachers’
levels of maturity regarding differentiate and quantify elements skill is assessed
through the rubric given at Table 4.9. The total components and processes are

counted, later appropriate answers are counted. They are given at Table 4.10.

Table 4.8: Components and Processes in the GPP Scenario (Identified by Researcher)

Components of GPP scenario Processes of GPPS scenario

Agriculture !ncrease in population

Human Health increase in gegtherma}l power plants

Economy people_’s reaction against G_PPs

Energy Need intensive agrlcultyral practices

Environment increase in poIIutlpn

Society increase in mor.tallty

Technology increase in enwro_nmental damage

City glevelopnjent of city . '
increase in people’s interest of the issue

Table 4.9: Rubric for Evaluating Differentiate Elements Skill (Adapted from Arnold and Wade,
2017)

STS: Differentiate and Quantify Elements

Low Maturity Developing High Maturity

Able to identify the most
Able to identify the elements of the elements and

Unable to identify the in the system and starts to differentiate the static
elements in the system differentiate the events from components from
static components processes with high
accuracy.

When the results are assessed, it is seen that PST2 is able differentiate components
and processes characterized by key words and events before and after the

implementation.
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Table 4.10: Number of reasonable components and processes identified by pre-service science
teachers

Reasonable Reasonable
Components | Total Processes
Total
Number of Number
Components Number of | of Number of
Components | Processes | Processes
Identified Identified
PST1 | Before Implementation |1 1 3 0
After Implementation 2 2 4 1
PST2 | Before Implementation | 6 6 5 4
After Implementation 12 8 10 7
PST3 | Before Implementation |5 1 5 2
After Implementation 1 0 5 5
PST4 | Before Implementation | 2 1 2 2
After Implementation 3 2 3 3
PST5 | Before Implementation | 6 5 6 4
After Implementation 8 5 5 4
PST6 | Before Implementation | 5 1 3 3
After Implementation 3 1 2 2
PST7 | Before Implementation | 3 2 2 2
After Implementation 2 2 2 2
PST8 | Before Implementation | 2 2 3 3
After Implementation 3 3 3 2
PST9 | Before Implementation | 7 4 4 2
After Implementation 5 5 3 2

Additionally, after the implementation she adds new components and processes her
explanations. Similarly, PST5 is able to identify half of the possible components and
processes and able to differentiate the elements with accuracy. PST1 is not successful
as means of identifying the elements. Although after the implementation he identifies
more elements, the elements are not related to the issue. PST3 and PST4 are better
able to differentiate components and processes after the implementation. While PST2
reaches complete understanding and differentiation of components and processes,
other PSTs still have some deficiencies about differentiating the elements in the
scenario. PSTs levels of maturity regarding differentiating and quantifying elements

are given at Table 4.11.
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Table 4.11: Differentiate Elements Skill of Pre-Service Science Teachers

Before Implementation After Implementation
PST1 Low Maturity Low Maturity
PST2 High Maturity High Maturity
PST3 Low Maturity Developing
PST4 Low Maturity Developing
PST5 High Maturity High Maturity
PST6 Developing Developing
PST7 Developing Developing
PST8 Developing Developing
PST9 Developing Developing

4.2.3 Structure Domain
4.2.3.1. Identify and Characterize Relationships

It is possible to say that understanding that there are relationships between the
elements of an issue is a core systems thinking skills. Recognizing non-obvious,
complex and less visible relationships indicates high maturity as means of identifying
relationships. Pre-service science teachers’ ability to identify relationships assessed
through geothermal power plant case and interviews. According to Arnold and Wade
(2017) framework identifying relationships and characterizing relationships skills are
assessed with two different rubrics. While identifying relationships is characterized
by the maturity about identifying increasingly complex and less obvious
relationships, characterizing relationships is characterized with finding answers to
questions related to mechanism, e.g. how a relationship works. In the GPP case and
interview questions usually these two kinds of evidence is intertwined in the answers
of pre-service science teachers. Therefore, the rubrics for evaluating PSTs’
identifying and characterizing relationships skills are taken together and adapted for

current case.
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Table 4.12: Rubric for Evaluating Identify and Characterize Relationships Skill (Adapted from
Arnold and Wade, 2017)

STS: Identify and Characterize Relationships

Low Maturity Developing High Maturity
Able to recognize the Recognizes most of the
relationships and tell these | relationships including non-
Unable to identify the relationships with surface obvious ones and explains
relationships with accuracy. | explanations that does not the relationships in details
consist of answer to how giving answer to how it
questions. works guestions.

Before the implementation PST1 is not able to clarify the relationships between the
events. He gives surface explanations without clarification. PST2 explains the
relationships in terms of cause and affect relationships without clarification of a
mechanism. PST3 identifies causal one directional relationship pattern of
relationships. However, she cannot identify the main relationships with accuracy.
Her explanations do not focus on the main issues. PST4 gives explanations about the
relationships between the events. She tries to clarify the mechanism there. On the
other hand, she does not recognize some important relationships in the process. PST5
identifies and explains relationships about the issue. She mainly follow a linear
trajectory while explaining the events, however she focuses on a part of the issue and
does not focus on the whole events. Similarly, PST6 explains the relationships she
realized. She does not recognize all relationships. She mainly focuses on
environment and health relationships. PST7 relates the events, however with limited
explanation and without focus on the main issues. PST8 also tells that the events are
related; however his explanations are not related to the issue. PST9 gives
explanations about the events; however her explanations are not related to the main
issues. Before the implementation pre-service science teachers either give limited
surface explanations about the issues, without indicating the mechanisms governing
the processes, or their explanations are lack of a focus of main issues. They make

explanations about the unrelated or far related issues. None of these pre-service
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science teachers are able to recognize the complex and non-obvious relationships

between the events in the case before the implementation.

After the implementation PST1 tells the events and their relations, limitedly with an
identification of a non-obvious relationship. He identifies an interactive relationship
but does not explain it. He develops his identify and characterize relationships skill.
PST2 gives explanations about the issue similar to before implementation situation
with a differentiation in her interpretation of the issues. PST3 does not focus on the
events in the scenario. She does not explain the relationships between the events.
PST4 gives explanations about the relationships between the events. She does not
give a complete picture of the issue; however she tries to indicate the mechanisms of
the relationships. PST5 explains the events. She does not express the relationships
clearly by sentences. Instead, she draws a schema to show relationships. She
indicates linear relationships between the events with this schema consisting of
limited elements regarding the issue. PST6 thinks that it seems to be relationships
between the events. However, she believes that the effects of GPPs are not extensive.
Therefore, she does not try to explain the events in details. PST7 relates the events.
He still gives limited explanations while he is starting to reach the issue. PST8 gives
limited explanation. His explanations are more related to the issue than before
implementation situation; he starts to focus on the main issue. PST9’s explanations
about the relationships showed a different trajectory. She expresses her ideas as the
events are seemed to be related on the surface, however, they are not related in fact.
Her interpretation is similar to PST6’s interpretations. Since, PST9 think that GPPs
do not have prevalent damaging effects, she does not think about the relationships in
the issue. PST2, PST4 and PSTS5’s levels are still developing after the
implementation, since they do not add any complex, non-obvious relationships to
their explanations and they still do not make explanations about the mechanisms of
the relationships. None of these pre-service science teachers is able to reach high
maturity level as means of identifying and characterizing relationships skill after the

implementation.
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Table 4.13: Identify and Characterize Relationships Skill of Pre-Service Science Teachers

PST

IS

STS Level

Quotes

PST1

Low Maturity

The events are; Aydin, geothermal energy, Aydin’s
location. The events are related.

Al

Developing

The pros and cons of geothermal energy, consciousness of
people and their reactions are all related. They are affected
from each other.

PST2

Developing

These events are related. Fertile soils allow immigrants—
crowded— people need energy to continue their lives. —
Unconscious use of energy threatens environment and
human life— human death, trees death

Al

Developing

These events are related. Fertile soil allow immigrants, the
city becomes a metropolis. The need for energy increases.
Increase in mortality ratio and drying out of trees cause
geothermal power plants become target of people.

PST3

BI

Low Maturity

Everything is related. Migration to Aydin increases rapidly.
Why? Aydin is an earthquake location. Electricity
generation, heating, greenhouse cultivation, fisheries are
increased. Why?

There is geothermal. Mortality ratio increased. Fig and
olive trees dry out. Why? It is because of geothermal power
plants and global warming.

Al

NA

No answer

PST4

Developing

These events are related. Agricultural problems affect
nature. People lose their health because of agriculture and
nature. This may affect national economy. Aydin is a city
of fig and olive.

Al

Developing

These events are related. If agriculture is affected, people
and animal are affected, too. Because, they are feeding with
agricultural products.

PST5

Developing

These events are related. Because when the soil is fertile
and industry is developed migration to the city will
increase. When population is increased, the needs will also
increase. Then different ways of solutions will be
investigated.

Al

Developing

Energy— energy production— is given for use—
human— used energy— human and environment affected
negatively

PST6

Developing

The events are related. GPPs pollute soil, then agriculture
and trees are affected negatively. Polluted air and soil
effect people, since we use them.

Al

NA

It seems that agriculture is damaged and mortality is
increased because of GPPs. However, we learned that the
effects of GPPs are not so extensive.

PST?7

Low Maturity

These events are related. They are about losses of
geothermal.

Al

Low Maturity

These events are related. They are about gains and losses of
geothermal.
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Table 4.13 (continued)
PST8 | BI Low Maturity | These events are of course related, they are all about the
city.
Al Developing | These events are related. Increase in population helps the
city to develop. People start to protect their city.
PST9 | BI NA These events are related. The intensity of agricultural
practices increases the migration to the city.
Al NA Since, the city is located in the fertile soils and agricultural
practices are intense, population is increased, in a short
time.

4.2.3.2. Identify and Characterize Feedback Loops

Identifying feedback loops is mainly related to recognition of relationships between
the events. The relationships between the events in a system may form feedback
loops. It means that the relationships are not unidirectional, but reciprocal and more
complex. Especially in the case of geothermal issue, complex relationships may
arise. For instance, the reaction of the people to the GPPs may affect development of
GPPs in the location, or the constant increase in GPPs may reach the top level that

energy produced cannot be managed and in turn, the GPPs will be decreased.

The questions regarding the relationships between the events have an evidential
value for assessing pre-service science teachers’ identify and characterize
relationships skills. Arnold and Wade (2017) proposed an assessment for identifying
feedback loops and another assessment for characterizing feedback loops skills with
two rubrics. In current issue, there is no evidence that pre-service science teachers
recognize the feedback loops in the relationships (see Table 4.10). They tell the
relationships in causal linear manner. There is no evidence that they form a feedback
loop while explaining events. Both before and after implementation these nine pre-
service science teachers cannot make explanations regarding relationships in the
events which in turn affect the events in cycles. They completely explain the
relationships between the events in a linear cause and effect relationship pattern.

Since, their identify feedback loops skill is evaluated in a degree of low maturity.

Characterization of feedback loops is not possible and no evidence is found in this

case, since pre-service science teachers’ skill of identifying feedback loops is low
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matured. A hierarchy is present between these two skills, indicates that identifying

feedback loops skill is a base skill for characterizing feedback loops.

4.2.4 Behavior Domain
4.2.4.1. Describe and Predict System Behavior

A system thinker describe the events or system in its own context, considering time
dimension and makes prediction about future events or system behavior by taking
into consideration of past and present behaviors (Assaraf & Orion, 2010; Karaarslan,
2016; Arnold and Wade; 2017).

In the geothermal power plant case, it is asked to pre-service science teachers “what
will happen if geothermal power plants are continued to rise in the future?” to
understand if they are able to describe and predict system behavior in the future.

Their answers are assessed through the rubric given at Table 4.14 below.

Table 4.14: Rubric for Evaluating Describe and Predict System Behavior Skill

STS: Describe and Predict System Behavior

Low Maturity Developing High Maturity
Considers only one time Considers two time Uses both past and present
dimension while talking dimensions while talking time situations of the system
about system behavior. about system behavior, for while talking about future
Does not predict system example uses present time behavior of the system,
behavior by taking into observations predict system | connects past-presents and
consideration of past or behavior. Tries to justify future clearly. Justifies
present time. Do not use predictions based on predictions based on
evidence for predictions. evidence. evidence.

Before the implementation PST1 focuses on future events without giving reasons for
his predictions. PST2 connects two time dimension; present time to future. She talks
about her own observations and the speculations about the event. She focuses on the
negative sides of GPPs and makes prediction about future based on some events such
as mortality, increased health problems and death of trees. She talks about

observations of farmers as a source of evidence for future events. It is seen that her
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predictions are in general terms based on current events. PST3 focuses on negative

events such as mortality, climate and global warming. She does not give reasons for

her predictions. PST4 focuses both negative and positive situations from the scenario

given. She makes assumptions and predictions based on the events.

Table 4.15: Describe and Predict System Behavior Skill of Pre-Service Science Teachers

PST | IS STS Level | Quotes
PST1 | BI Low The soil may become infertile, ecosystem may be destroyed.
Maturity
Al Low If necessary precautions are not taken into consideration, it
Maturity | may be harmful for environment.

PST2 | BI Developing | The uses of geothermal energy destroy its location. Mortality
and health problems and death of trees increase. People may
be obligated to migrate. People in the location and farmers
are the basic observers of the situation. Death of people and
trees may increase. First hand observations are in line with
this situation.

Al Developing | When geothermal power plants are used properly, they may
not be harmful however when the regulations are not taken
into consideration, GPPs may be harmful to the environment.
The situation increases the tension between people. I heard
from one of my friends that they become obligated to uproot
the trees.

PST3 | BI Low GPPs decreased fertility. They change climate, they have

Maturity | fatal effects. Geothermal have negative effects as means of
climate, global warming, and increased mortality.

Al NA As means of the GPPs that release their waste materials to
the water, they play with our health; they play with their own
health and with their children’s health. Otherwise, everything
is normal.

PST4 | BI Developing | In the future both positive and negative aspects may be
evident. If it destroys agriculture and health, this will not be
fine. Health problems increase, economy may be affected
negatively. Human health may be affected from the gases
released. The natural balance may be destroyed.

Al Developing | GPPs in Aydin will affect our future negatively, because the
gases released from GPPs affects air and threatens all living
creatures.

PST5 | BI Low The waste materials and gases released from the GPPs may

Maturity | affect human health, environment and agriculture negatively.

Al Developing | Contrary to known, electricity need may be supplied from

GPPs in the future. That develops national economy; and
environment positively. On the other hand if GPPs are
harmful it may have negative results as means of
environment and human; cancer, increased illness,
agricultural production decrease, economic loss.
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Table 4.15 (continued)

PST6 | BI

Developing

When we think about its negative effects on air and water, in
future I think that we feel its negative effects more than
today. When geothermal power plants are generating energy,
harmful gases are released to the environment. Balance is
destroyed (If you destroy nature, it answers you!

Al

Developing

Supplying energy needed for people, from renewable
sources, is less harmful and losses are decreased. | do not
think it has very harmful consequences in short terms, also in
long terms. The reason for this is the past of geothermal in
Turkey reach out 2006s. We cannot predict its long term
effects.

PST7 | BI

Developing

The effects of GPPs are evident. In the past in River Biiyiik
Menderes there were a variety of fish species. Nowadays,
most of them died, and most of the species are endangered.
Air is polluted. While we are generating energy, we lose our
energy of life.

Al

Developing

GPPs that release gases to the environment negatively effects
nature and human health. If GPPs without precaution are
closed, poisonous gases are not released and awareness of
people is increased, here may be a beautiful place.

PST8 | BI

Developing

The city will be developed faster. Employment increases.
Industrialization increases. People who deal with agriculture
will be affected negatively.

Al

NA

People think that nature will be affected. When geothermal is
controlled and used properly, it is very useful for the city.

PST9 | BI

Developing

Since geothermal is a renewable resource, environmental
damage of it, is lower. It decreases the dependency on coal,
petroleum and fossil fuels. When we think that it is harmful
for olive and fig production, the agricultural quality
decreases, and human life will be threatened in next years.

Al

Developing

Since we do not observe the damages of GPPs, they are not
harmful. They result in large land use. There are some air
pollution due to sulphur release and some soil pollution. We
give less harm to the atmosphere and nature when we use
GPPs. Also, our dependency on foreign resources decreases
as a result of not using fossil resources.

PST5 focuses on negative events, however does not give reasons for her predictions.

Similarly, PST6 talks about negative events with justification from moving current

issues to the future. PST7 focuses on negative events. He moves from past to present

however does not make prediction about future. PST8 takes into consideration of

both positive and negative aspects of the issue, however does not give reasons for his

predictions. PST9 takes into consideration of different aspects of the issue as means
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of dependency on fossil resources and environmental aspects. She moves from the

current events to make predictions about the future events.

After the implementation PST1 makes a prediction about the future in relation with
environment, moving from the assumption of precautions are not taken. He does not
indicate the reasons for his prediction. PST2 focuses on two aspects of the event.
One of these is that the environmental aspect and the other is the social aspect of the
event. Similarly, she talks about harms of the GPPs in the future, based on the
assumption of the regulations are not taken into consideration. She considers the
other people’s experiences about the situation. Different from the other pre-service
science teachers, she considers tension between the people. PST3 focuses on health
issues, however she does not make prediction about the future. PST4 mentions
negative ideas about the future, because of the gases released from GPPs. She does
not give any details related to the events about future. PST5 develops her prediction
ability after the implementation. She focuses on more than one aspect of the events.
She makes prediction about the future events based on current situations. After the
implementation PST6 thinks differently. She focuses on positive events and take
consideration of past, present dimensions into consideration, however she is still not
able to make predictions about future behavior. She emphasizes uncertainty without
making predictions. PST7 makes a prediction about future based on some conditions.
He gives general explanations about the events in conceptual terms. Similarly, PST8
makes simple explanations such as usefulness of the resource instead of trying to
predict future behavior. He denies the other people’s ideas about the issue. PST9
bases predictions about the future on her observations. She takes into consideration
environmental and economic aspects of the issue. Instead of making predictions
about future by taking into consideration of events of flow, pre-service science
teachers usually focus on the sole events by trying to talk about future. They make
conceptual explanations such as “future will be fine, GPPS are useful, or future will
be worse”. These explanations are not clear and they usually rely on pre-service

science teachers feelings.
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4.3 Pre-service Science Teacher’s Systems Thinking Skills during

Implementation

Pre-service science teachers’ discussions and classroom works are recorded to track
changes in their systems thinking skills regarding energy. Three activities (at the
beginning, in the middle and at the end of the implementation) are chosen to
understand pre-service science teachers’ progress namely; Activity 2, Activity 4 and
Activity 7.

4.3.1 Activity 2: Energy Production and Consumption

The second activity included an internet based investigation with groups about
energy production and consumption in the World and specifically in Turkey. Pre-
service science teachers study in the computer laboratory and downloaded data from
the World Data Bank. Downloaded data is chosen by the researcher before the
activity, and pre-service science teachers are guided while they download the data
from the internet. They have handouts that included questions about energy
production and consumption. Some of the PSTs prefer to work alone while some of
them work in groups. They try to find answers to their questions and make sense of
data they have. They write their answers to their computer and give them to the
researcher at the end of the activity. Some of the examples of answers from the

computer laboratory activity are examined in details below.

Q: What are the factors effecting energy production?

Answer (PST2): I think that density of population, the location of the country on the
Earth, the need of the energy, the area that the countries have (square meters),
economic development of the country effects energy production.

Q: How can we show the relationship between population change and energy
consumption?

Answer (PST2): Energy consumption of developed countries are high, however their

renewable sources lower compared to the other countries of the Earth. One of the
reasons for this situation is that they want to make profit. Developed countries like
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China have a high renewable energy production; however their renewable
consumption stays lower in their total energy use.

Q: Is there any relationship between use of renewable resource in energy production
and developmental status of the countries?

Answer (PST2): There may be a linear relationship. However it is not a certain
relationship. When we look at use of energy ratios, the situation cannot be compared.

PST2 identifies five factors that may affect energy production. While she explains
the relationship between population and energy consumption she expresses
developmental status of countries as a factor in this relationship. This explanation
goes beyond a linear cause and effect relationship. As means of identifying
relationships between development level of the countries and renewable energy use,
she is not sure. She expresses a possibility of linear relationship, however tells that
she cannot compare the situation for countries. She emphasizes the uncertainty in the
relationship. Her expressions indicate a developing maturity regarding identifying
relationships skills. On the other side, she recognizes the uncertainty and give time to
understand the issue. Therefore, it is possible to say that her consider issues

appropriately skill is also developing.

Another excerpt from answers of PST1 and PST8 is given below:

Q: What are the factors effecting energy production?

Answer (PST1 and PST8): Energy consumption is in relationship with development
level of the country and population. It may change with geopolitical location and per
capita net income of the country.

Q: How can we show the relationship between population change and energy
consumption?

Answer (PST1 and PST8): When population increase, energy consumption increases
too. In relation with the population increase development becomes difficult, that
problem may be overcome with renewable resources.

PST1 and PST8 identify four factors affecting energy consumption. They do not give

reasons for their explanation. They see a directly proportional relationship between
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population increase and energy consumption. They do not explain other factors role
in this relationship. They talk about renewable sources when the others come to an

end.

Excerpt from PST4’s explanations are as following:

Q: What are the factors effecting energy production?
Answer (PST4): Population, geographic structure, climate, developmental status,
technology, transportation, industry, trade, economic conditions, living conditions.

Q: Is there a relationship between renewable energy use and developmental status of
countries?

Answer (PST4): There is inverse proportion. Some of the developed countries use
nonrenewable sources, therefore they change the situation.

Q: How does energy use change in Turkey in years?
Answer (PST4): Generally, it increases. The reason of this increase is technological
developments and unconsciousness of people.

PST4 indicates ten factors affecting energy production. She claims that when
developmental level of the countries increase their renewable energy use decreases.
She expresses some of the countries as a reason of this situation. She relates energy
use raise to unconsciousness of people and technological developments. In this
example excerpt, it is possible to understand that PST4 thinks differently from the
other PSTs. In fact, while trying to find an answer to the question about the
relationships between the elements, she moves from a limited example of developed
countries using non-renewable resources. It is a weakness in her systems thinking to
stick on a situation rather than following a pattern. On the other hand, she indicates

some important factors in relation with Turkey’s energy consumption.

In second activity, energy production and consumption, in general PSTs can identify
many factors related to both production and consumption. In the excerpts above, it is
seen that they usually use pattern of if ... increase... increases or decreases while

identifying the relationships in the system. Only PST2 states a mediating relationship
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between the factors she choose. This activity can be assessed as an evidence for

students’ limited use of data.
4.3.2. Activity 3: Biogeochemical Cycles

Activity 3 is helpful as means of understanding how pre-service science teachers use
their systems thinking skills during the implementation regarding the issues they
work on. As an instance, an excerpt from PST9’s in class notes showing her systems

thinking clearly, is given below:

PST9 (during implementation of Activity 3): Energy may be produced with different
methods. However, the effects of these methods to environment, soil and water cycle
should not be ignored. For instance, although GPPs are little harmful for
environment, some of the GPPs do not inject water to the underground or release
sulphur to the air. Water that is not injected to the underground mixes to the soil and
environment. These affect the water cycle, and in turn all living organisms since this
process is nested in nature.

In this excerpt, PST9 uses her systems thinking while explaining the effects of
energy production to the environment. She sees the big picture as energy production
and moves between the connections of production process with environment. She
does not forget the big picture. She indicates the processes in the energy production
in relation with environment. She explains the mechanisms that interaction takes
place between the elements. Therefore, in this situation she shows an example of
high maturity in using systems thinking skills while explaining effects of energy

production to the environment.

In another example during Activity 3, PST2 tries to identify the relationships
between c-cycle and human-activities. The excerpt taken from her in-class notes is

given below:

Human participate carbon cycle by respiration in simplest terms. However, they also
participate c-cycle by mining, for example with coal drawing or drilling for oil. The
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effect of people on c-cycle is increased with the development in technology, machines
and human force.

In this excerpt, she mentions the natural and human-made processes regarding c-
cycle. She mentions respiration at the beginning. She does not explain the
mechanism in details. Then, she talks about energy-related activities of people. She
again does not give a detailed explanation about how these processes occur.
Although, her explanations are not very detailed, she grasp the main idea. She is able

to use her systems thinking skills while explaining human contribution in c-cycle.

As another example, PST3s’ drawing in her notebook is given at Figure 4.1. It is
possible to see that PST3 broadens her perspective during the activity. Her drawing
includes many elements, both processes and components. She combines natural and
human-made processes in her drawing. She recognizes the role of people in her
drawing. She gives place to a plant, a car, energy resources and war in her drawing.
She also gives place to animals and plants both living on the terrestrial, atmospheric
and aquatic systems. She also indicates the relationships between these elements with
arrows and explanations. For example, the processes of respiration and
photosynthesis are emphasized in her drawing, with cyclic arrows. It is possible to
say that she uses her systems thinking skills while working on this drawing. She is
able to use her maintain boundaries, differentiate elements, identify and characterize
relationships, and identify feedback loops skills according to her drawing. Although
it is not possible to see the use of pre-service science teachers’ identify feedback
loops skill in geothermal power plant case, in this drawing PST3 uses her skill
limitedly when remarking CO,-O, relationships.
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Figure 4.1: PST3’s ecosystem drawing during Activity 3

4.3.3. Activity 4: Carbon Based Production

Pre-service science teachers’ fourth week activities are chosen for detailed
examination to understand their learning and thinking during the implementation
process. 4™ activity hold place at 12" of December in a four hours session in the
laboratory classroom. There were 25 PSTs in the session. Half of the total students
did not participate the activity. PSTs work with groups to investigate a given
research problem about carbon dioxide concentration increase in the atmosphere
(Activity 4). A hand out is distributed each group to instruct PSTs about their
activity. They read a small text about fossil fuel based energy production and carbon
dioxide increase in the atmosphere. They discussed and tried to clarify how they may
plan to investigate given research problem. In the other three hours, they conducted

their planned activities and reported their results. Their group discussion process at
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the beginning of the session is examined in details. The quotation from their group

discussion is given below:

PST3 (is reading the question): When fossil fuels are preferred in energy production
process atmospheric CO, increases. What may happen when atmospheric CO,
increases?

PST7 (trying to understand): | think she is talking about carbon cycle deterioration.

PST8 (thinks in terms of cause and effect relationship): When CO, increased C-cycle
is deteriorated.

PST1 (asks for reason): Why?

PST2 (gives an explanation based on a general idea in systems language): It is
increased from one side while it is decreased from the other side. Since it is not
balanced, it is deteriorated.

PST1 (asks for reason): Why?

PST8 (gives an explanation in terms of cause and effect relationships): When CO,
increased in the atmosphere, ozone layer depleted.

PST1 (refuses the explanation): It is not right.

PST3 (puts another argument): The increase in CO, is very harmful for living
organisms.

PST2 (agrees and gives an example from her own life experiences): Yes, it is very
harmful, in Mugla Milas it damages trees. There is not filter at factory chimneys. It
damages birds. Not just CO,, increase in carbon concentration is also harmful.

PST3 (puts another argument about human and adds carbon mono oxide to the
discussion): When we think about ourselves high CO, concentration may Kill us by
respiration. In addition, there is CO.

PST8 (remembers his knowledge about carbon mono oxide, turns back his own
argument about ozone layer depletion): Carbon monoxide, heater poisoning..
Deterioration of C-cycle is the most important reason for ozone layer depletion.

PST3 (elaborates her knowledge and adds methane to the discussion): After the
Carbon, the most effective gas is greenhouse gases. CH, from the dump...

PSTI: Forest fires...

When the dialogue between students before reaching a consensus about the

investigation is examined, it is seen that many arguments arise as a result of student
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participation. However, most of them are not clear and not related to the topic
closely. They are not able to clarify the boundaries of the system at hand. Also, pre-
service science teachers sometimes do not have enough knowledge to make sense of
research questions. While they talk about carbon dioxide, they pass ozone layer
depletion, and carbon monoxide. They relate human, tree and animal deaths directly
to the carbon dioxide emissions to the atmosphere. They do not give explanation
about the mechanisms governing the process. When PST8 gives an explanation and
relates ozone layer depletion to carbon dioxide, PST1 refuses his explanation,
however he also does not give any explanation and PST8 also does not ask any
reasons why he refuses that claim. PST3 shares her knowledge about the topic, and
sometimes they start to talk about topics that are not closely related to research
question. However, there are some cues about systems language in the explanation
phase of the dialogue. PST2 gives an explanation based on systems language to
PST1’s why question about C-cycle deterioration. The summary of PSTs’ discussion

process is given in Figure 4.2 below.
4.3.4. Activity 7: Energy Production Systems

The activity takes place at December 25™. Pre-service science teachers worked with a
friend in this activity. Pre-service science teachers directed towards to draw a model
of energy production system. They are completely free to make choice about their
drawings. After they decide what to do, they used internet and books to take as a
reference. When they finish their work with groups, they tell their study and
drawings to the other groups and they presented advantages and disadvantages of
their energy production methods. Their drawings with their group friends are given

below.

PST1 worked with a different partner from his usual partner in this activity. They
choose a fossil fuel based energy production process to work on and present their
friends. They start with how fossil fuels formed and tell their friends this formation

process initially as they investigated before.
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Figure 4.3: Drawing of PST1 and his Group Friend about an Energy Production System

They searched for crude oil processing, and draw this process to their papers. Then,
they choose cars to use fuel. In the end they emphasized the environmental aspect by
indicating fossil fuel pollution and CO? emission from the car. Their drawing
consisted of many components and processes, including humans, cars, fossil fuels,
and their environment. Processes and their relationships take place in drawing and

explained to the other friends. However, their drawing is not completed to a cycle.

PST4 and PST9 work together and they choose electricity generation in hydroelectric
power plants. They focus on mechanic structure and processes in electricity
generation. They do not give place any other components except the system structure
of a hydroelectric power plant. They express the advantages and disadvantages of a
hydroelectric power plant to their friends while they present their energy production

process.
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Figure 4.4: Drawing of PST4 and PST9 about an Energy Production System

PST2 and PST8 work on wind turbines for electricity generation. Similar to PST4

and PST9, they focus on mechanical structure and system of a wind turbine while

they work on drawing. In their presentation, they focus on environmental effects of

wind turbines, advantages and disadvantages of this electricity generation method.

In general, PSTs are well-aware of some energy production methods and systems.

They also understand mechanical systems of these structures. However they do not

give place other factors in these processes except PST1 and his friend. It is possible

to say these pre-service science teachers were not familiar with energy production

processes, therefore the time consumed in this activity used for increasing their

knowledge about some of these systems. Therefore, this activity was helpful as

means of contributing their understanding about the structure of these systems.
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4.4 Pre-service Science Teachers’ Systems Understanding

Second research question is related to pre-service science teachers’ systems
understanding. The questions related to systems were asked students during the
interviews before and after the implementation to reveal how they understand
systems in general. These questions included:

e What is a system?

e Can you give examples of systems?
e How do you understand if there is system at hand?

When pre-service science teachers’ answers before the interview are examined, it is
seen that words; harmony, order and whole are mostly emphasized by PSTs. After
implementation PSTs mostly emphasize words; interaction, order and parts. While
PSTs try to characterize and define systems before the implementation, they
emphasize function, structure and relationships in systems after the implementation.
Examples of codes in relation with categories, mostly mentioned categories and
codes by PSTs both before and after the interview are given at Table 4.16, Figure 4.6
and Figure 4.7 below.

Table 4.16: Codes and Categories about Systems Understanding of PSTs

Categories Example Codes
Component part, more than one thing, elements, part

Function working together, aim, cycle, responsibility
Relationship | connection, interaction, related
Structure regular work, whole, harmony, hierarchy

In Table 4.17 it is seen that all pre-service have an idea about systems in changing
amounts before the implementation. After the implementation they give more details
about systems in the interviews. They both emphasize structure of a system and its
functions. Nearly, it is possible to say they grasp systems clearly. They realize
dynamic nature of the systems. Different from the other pre-service science teachers,
PST5 also emphasizes presence of energy input and output in the systems. Although,

definitions, characteristics and examples of systems are not explicitly emphasized
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during the implementation, pre-service science teachers’ understanding of systems

developed during the process according to the interview results.

Pre-service Science Teachers' Systems Understanding
Before and After the Implementation
m Before the Implementation After the Implementation
16 15
10
8
4 5 5
m . B .
I I
Component Organizer Function Relationship Structure

Figure 4.6: Mostly mentioned categories by PSTs before and after the implementation

Frequency of Codes Stated by Pre-service Science
Teachers

m Before the Implementation After the Implementation

4 4
3 3
2 2 2
I 1 1
H B

Harmony Order Whole Part Interaction

4

Figure 4.7: Mostly mentioned codes by PSTs before and after the implementation
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The examples of excerpts from the interview and the system examples given by PSTs

in the interviews are given in Table 4.17.

Table 4.17: Pre-service Science Teachers’ Systems Understanding Before and After

Implementation

IS Examples from Interviews Codes Examples of
Systems
PST1 Q: What is the meaning of the system? Harmony Mobile Phone
T L2 Solar Panels
BI A: It is a group working in harmony. It should | Component Svstems in
contain more than one component. Y
Human Body
Q: What is the meaning of the system? Harmony Circulatory
b 1 F . : - - System
Al A: It is an organized group working together, Relationship
. - Geothermal
related to each other. Everybody knows their Mission
o Power Plant
missions and they work.
PST2 Q: What is the meaning of system in general? prder :
1 . S Branching L
A: It means a constituted organization. A Feedback Communicatio
system should have branching including; - n
) . Distribution of .
input, output, receiver and message... If we Digestive
Bl . . . Work
talk about communication, it is a system. It is Input System
a system based on transmitter, receiver and P Excretory
; Output
message. It has an order. When it also has ; System
. - Receiver
feedback it is certainly a system.
Message
Q: What is a system?
A: A working organization with parts coming
together. These parts should be related and in
harmony.
Q: When we change parts of the system, does
this system change or not? Parts
A: Yes, but to what extend it change... Ifitis | Order .
7 PR Environmental
machine, it breaks down. However if it is the Harmony .
. I d Pollution
Al universe, I don’t think so. Connection .
i : . . Machines
Q: How does it continue? Systems in Universe
A: Probably, it recovers broken part. But, it System
takes time. For example, oil resources have Interaction
been consumed for a long time. It takes too
much time to recover themselves.
Q: What are the parts of a system?
A: They may be other systems. They should
be working and interrelated.
PST3 Q: What do you understand from a system?
A: | understand coordinated work, for
example; machines, school, program... In School
. L Lo Regular work
science, everything is developing, it is . Program
. Systematic
Bl systematic. Parts Human Body
... System is events happening when certain Oraanizer Science
data is obtained. Some opportunities should be g Machine
supplied.
... There should be parts and their director.
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Table 4.17 (continued)

PST3 Q: What is system?
A: A mechanism working in an order. It may Human Body
be human body, machine parts or a natural Machine
event. It is an organized event. Natural
Q: What is order? A: For example, everybody R Phenomenon
oy egular event -
has responsibilities. When they do not work, . Respiratory
Al - Mechanism
problems arise. For example, people who Responsibilit System
suffer from renal illness. Their kidneys do not P y Excretory
work properly. Normally, urine should be System
collected in bladder; however their urine is Digestive
collected in a different place with the help of a System
hose through dialysis.
. H f) . 1 1
PST4 Q: What is system? A._ It is a particular order, Harmony of
or harmony of something. For example the
. Order Planets
Bl order of planets, like the order of the Sun and .
: Harmony Systems in
planets around it. When we say systems | Human Bod
think of systems in human body. y
Working
Q: What is the meaning of system? together
A: System is events that are related to each Order
Al other, it is an order. The order means working | Related Respiratory
together that is to say, affecting each other. Effect each System
Every part is a member of the system. These other
parts constitute system by coming together. Part
Interaction
PST5 Musculoskelet
Q: What is system? al System
A: Itis an interaction regarding an event. For | Interaction Circulatory
example digestive system, circulatory system, | Regular System
BI systems in nature; ecosystem. Cycle Digestive
.. There are rules and cycles of a system. It Flow of System
happens in the course of an event. At least it Events Ecosystem
has certain rules and flow of events. Systems in
Nature
Q: What is a system? Ener Pressure
A: It happens in the course of events or a vy Cooker
. - Interaction o
phenomenon. System is the environment of . Respiration
Al . Environment
everything that are effected from each other. Energy
. . Event/phenom .
...It should include energy input and output enon Production-
and something effected from this situation. Consumption
PST6 Q: What should a system include?
A: It should have a source, and sub-things. It Source Solar System
- . Ecosystem
should distribute from a source. | can give Wholeness
BI Musculoskelet
ecosystem as an example. A system should be | Parts
Lo . al System
a whole inside itself. Being a whole means Harmony
being in harmony with each other.
Q: What is a system? A: System are the whole
of things which are in interaction to each .
Interaction
other. For example ecosystem. ... A system
AN . Whole
Al should produce something; it should be in a Produce Ecosystem
cycle. In an ecosystem there are some cycles. Cycle

As a result of the cycles vital activities
continue.
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Table 4.17 (continued)

Q: What is system?
A: There is a system of human body, for Digestive
example digestive system, respiratory system. | From Partsto | System
Bl Esophagus, mouth, laryngeal are its subtitles. | Whole Respiratory
All of these constitute system. It may be Whole System
moving from parts to whole. Parts that Computer
constitute whole are necessary for being a
system.
Q: What is system? Digestive
A: It means holism. When parts come together | Wholeness S gtem
and complement each other, a system is Parts Y
Al . .. . . Excretory
formed... The meaning of complementing is Mission System
function. Their functions should be same. Same mission Y
Parts constitute a system.
Q: What is system?
A: It means the presence of order. Order Order Cars
equals system. For example car is a system... Harmony Plants
Bl There should be a system for cars to move. Tactic TV
Similarly, TV... Systems require this. There Discipline Soccer Game
should be a system in plants. Systems should
include harmony, tactic and discipline.
Digestive
System
Mechanism Excretory
Q: What is system? Order System
Al A: System means mechanism. System is a Aim Endocrine
whole of parts that have an aim and an order. Whole of Parts | System
Level Reproductive
System
Ecosystem
- - - 5
Q: What is ;ystem in ggneral : . Parts Machines
A: System is a mechanism that works in a Order
/ . . . Ecosystem
BI certain order. This mechanism includes Mechanism Solar Svstem
elements that run the system. They work in a Distribution of Y
division of labor. Work
Q: What is system? Production
L : . . Plants
A: It is mechanism that produces something, Mechanism -
- . Machine
for e.g. plants. Everything has a different Input-Output R
) . Digestive
function ... Systems are the things that have Movement
Al . - - System
both inputs and outputs or are succession of A Certain Excretor
things... There should be more than one thing, | Way System y
anything cannot be a system by alone, and More than Y
there should be movement. One Thing

102




4.5. Summary of Results

In this study, pre-service science teachers’ systems thinking skills and system
understanding during the module implementation process are examined. Arnold and
Wade (2017)’s systems thinking model is used for the aim of understanding PSTs’
systems thinking development during the module implementation process. Systems

thinking skills identified during this research are given in Table 4.18.

Table 4.18: Systems Thinking Skills Identified in This Research
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In this research study some of these systems thinking skills proposed by researchers
are not identified. The skills identified in this study according to interpretation of
evidence from the data sources, are evaluated with a rubric adapted from Arnold and
Wade (2017). The rubric used in this study is given in Table 4.19 below.
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Table 4.19: Rubric Used for Evaluating Pre-service Science Teachers’ Systems Thinking Skills
Before and at the end of Module Implementation

. . Levels
Domain STS Skills Low Maturity Developing High Maturity
. . Recognizes the Actively
Considers issue - .
presence of different | emphasizes and
from only one .
. perspectives compares many
perspective, for regarding the issue faces of the issue
1.1. Explore example s/he garding , ’
Multiole makes S/he tries to look at | although they may
P . the event from more contradict with
Perspectives emphasizes : .
than one perspective his/her own
constantly on . : -
including a opinions. S/he does
. the problems of . ;
Mindset difference between not ignore
health. . A
the ideas. contradicting ideas.
Allows time to Allows tl_me for
Takes g understand the issue gaigPtexity and
1.2. Consider reactionary . does not directly
and complexity, .
Issues approach to the . jump to
. . however sometimes - .
Appropriately issue , conclusion, without
. - still jumps to .
immediately. ; understanding the
conclusions. .
issue.
Defines the
Defines the boundary of the
v, . Cannot define boundary of the system with
2.1. Maintain . -
. the boundary of | system including accuracy even the
Boundaries
the system most of the relevant system changes
items. over time and
context.
Content - -
Able to identify the Able to identify the
. most of the
2.2. Unable to elements in the elements and
Differentiate identify the system and starts to . .
. . . . differentiate the
and Quantify | elements in the differentiate the .
: static components
Elements system events from static
from processes
components oy
with high accuracy.
Able to recognize Recognizes most of
X . the relationships
the relationships and including non
3.1. Identify Unable to tell these ; 9
L . . . obvious ones and
and identify the relationships with .
. . - . explains the
Characterize relationships | surface explanations X T
. . ; . relationships in
Relationships | with accuracy. | that does not consist L
details giving
Structure of answer to how

answer to how it

questions. :
works questions.
3.2. ldentify Recognizes some .
and Unable to feedback loops, Recognizes most of
. . the feedback loops
Characterize recognize however does not :
: : and characterizes
Feedback feedback loops characterize their . -
. their properties
Loops properties
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Table 4.19 (continued)

Considers only

ne tim . . th past an
one ime Considers two time Uses bo pasta d
dimension dimensions while present time
while talking : situations of the
talking about system .
about system . system while
. - behavior, for ,
4.1. Describe | behavior. Does talking about future
. - example uses .
. and Predict not predict . behavior of the
Behavior . present time
System system behavior X . system, connects
. I observations predict
Behavior by taking into past-presents and

consideration of

system behavior.

future clearly.

past or present T_rieg to justify Justifies

time. Do not predictions based on redictions based
s evidence. P :

use evidence on evidence.

for predictions.

PSTs’ systems thinking skills before the module implementation and at the end of
module implementation are evaluated with the help of the rubric. The results of these

assessments are given in Figure 4.8 below as a summary.

Before the module implementation PSTs’ systems thinking skills were mostly low
matured. At the end of the module implementation their STS levels were developing.
PSTs’ systems thinking skills in mindset domain including explore multiple
perspectives and consider issues appropriately were mostly developed skills through
the implementation. In structure domain, identify and characterize feedback loops
skill did not show any development and stayed at low maturity level. Content domain
skills followed mindset domain skills as means of their development. At the end of
the implementation, structure and behavior domain skills stayed nearly the same as

before the module implementation.

All activities may be effective as means of developing PSTs’ mindset domain skills,
especially Activity 5 (field trip), Activity 7 (Energy Production Systems) and
Activity 3 (Biogeochemical Cycles) seemed to be fruitful according to the evidence

coming from PSTs’ in class discussions and notes during the sessions.
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Figure 4.8: The Comparison of PSTs’ STS Before and After Module Implementation
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PSTs’ systems understanding evaluated before the module implementation and at the
end of module implementation. PSTs’ could define systems both before and after the
implementation, however focusing on different aspects of systems. Before the
implementation they emphasized harmony, order and whole that classified as
structure of systems. At the end of module implementation, they emphasized
interaction and parts classified under relationships and structure. Also, they talked
about function of the systems. PSTs were able to give system examples both before
and after the module implementation. They usually realize systems in human body
when systems mentioned. Different examples of systems were found in their
explanations including, solar panels, machines, school, science, energy production-
consumption, pressure cooker, plants, and soccer game. Their explanations were
more extensive including parts, relationships, and function of the systems at the end
of the module implementation. This is an evidence for deeper understanding about

systems after the module implementation.
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CHAPTER 5

DISCUSSION AND RECOMMENDATIONS

5.1. Discussion of the Results

In this dissertation it is aimed to develop and implement a module in the context of
energy and understand the role of this module in developing PSTs’ systems thinking
skills and general systems understanding. Pre-service science teachers’ systems
thinking development may be evaluated as a complex system. It includes
components of the nature of activities in the STS module, PSTs’ motivation towards
implementation, the duration of implementation, PSTs’ prior knowledge about
systems and energy issues and PSTs’ skills. These factors are discussed in relation

with each other in this part of the dissertation.

Pre-service science teachers’ systems thinking assessed with written data collection
tools, interviews both before and after the interview and classroom discussions and
PSTs’ notes during the implementation. Content analysis, with the help of rubric
developed through the framework offered by Arnold and Wade (2017), was held to
make sense of data collected. The reason for adopting this framework for the aim of
investigating PSTs’ systems thinking skills was framework’s novelty, holism and
applicability of complex issues when compared with individual systems thinking
elements approach (Richmond, 2000; Behl and Ferreira, 2014) and hierarchy of
systems thinking skills approach (Stave and Hopper, 2007; Assaraf and Orion, 2010).

The results of the study support the domain approach by Arnold and Wade (2017) as
means of identifying structure of systems thinking skills. Most of the skills identified
by the researchers appeared during the research process in different phases of data
collection processes. Therefore, the results of this research have evidential value of

supporting researcher’s starting point as systems thinking approach.
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Pre-service science teachers’ STSs’ in mindset domain including explore multiple
perspectives and consider issues appropriately skills change during the module
implementation. After the implementation, pre-service science teachers were more
able to look at the issue from multiple perspectives while before the implementation
they were stuck in some issues such as human health. They recognized the
environment, economy, energy need, and consciousness after the implementation. As
means of consider issues appropriately skill, PSTs’ reactionary approach at the
beginning is decreased at the end of the implementation. PSTs were more able to
give time to understand the issues and complexity. Pre-service science teachers’
STSs’ development in mindset domain may be attributed to the activities during the
module implementation process. Outdoor learning environments are found to be
effective developing systems thinking skills of students by different researchers at
different age groups from elementary level to undergraduate students (Assaraf and
Orion, 2010; Long, 2015; Karaarslan, 2016). Assaraf and Orion (2010) found
outdoor learning environments effective as means of developing elementary school
students’ systems thinking about water cycle. Long (2015) found similar results for
high school students in an after school ecohydrological citizen club and Karaarslan
found Lake Eymir discoveries effective for developing pre-service science teachers’
systems thinking about sustainability issue. In this study, field trip may be effective
as means of developing pre-service science teachers’ explore multiple perspectives
and consider issues appropriately skills. Indeed, in field trip, PSTs’ had a chance to
talk to engineers and see the location around the geothermal power plant. Before the
trip PSTs heard some bad news related to GPPs and they usually have a tendency to
take these talks into consideration while making a decision about the issue. During
the trip, they learned about the structure of geothermal power plants, electricity
generation, cautions for protecting environment, and other applications of geothermal
resources besides electricity generation. Pre-service science teachers increased their
knowledge of energy resources. They listen to the people working in geothermal

power plant and realized the economic, environmental and developmental value of
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geothermal sources besides the disadvantages of GPPs. Therefore, geothermal field

trip is thought to be effective in developing PSTs’ systems thinking skills.

In content domain, differentiating elements in a system is one of the components of
systems thinking. Pre-service science teachers identified energy, the city, problems,
and activities characterizing the city before the implementation as components in this
scenario. After the implementation, they mentioned energy less while they
mentioned problems and activities characterizing the city more. When it is asked
them to identify events, they focused on problems of the city, activities
characterizing city and effects of geothermal before the implementation. After the
implementation they mentioned problems less, while they mentioned effects of
geothermal and activities characterizing city more. According to these results, it is
possible to say that PSTs may relate problems of the city to the presence of
geothermal power plants before the implementation. As means of differentiating
components and processes PSTs have some difficulties both before and after
implementation. As means of maintaining boundaries, it is seen that four of these
nine pre-service science teachers relate distant components and events to the main
events. It is understood that PSTs have difficulties to decide the boundaries of the
event here. In content domain there were development in PSTs’ skills, however it
was less when compared with mindset domain. It may take time to understand the
content of the issue especially in such a complex issue and also, it may be necessary

to explicitly focus on the content of the complex issue.

Identifying and characterizing relationships and feedback loops skills are structural
skills. In this research study, it is seen that PSTs usually were not very good at
identifying complex relationships between society, economy, environment and
energy production. Pre-service science teachers usually look at events as a linear
chain of causes and effects. After the implementation the situation was similar.
However, there are some new elements added to explanations. These new elements
were people’s consciousness, knowledge level and reactions. In the end of the

implementation, just one of the pre-service teachers explains the events as a
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relationships web, by saying all of these events are affected from each other.
However he did not give any explanatory details about the relationships structure. No
evidence was found regarding the development of identify and characterize feedback
loops skill of PSTs. This skill is an important of understanding complexity inherent
the system. Pre-service science teachers stayed at the low maturity level as means of
identifying feedback loops. Similar results were found by researchers in systems
thinking area regarding the structural skills. For example Lee (2005) found that most
of the teachers had difficulties when identifying relationships, recognizing hidden
dimensions and understanding multiple relationships in the case of water cycle. Also,
in the context independent assessment of systems thinking, Sweeney and Sterman
(2000), Sterman and Sweeney (2002) investigated university students and graduate
students’ systems thinking skills and found that students’ understanding of stocks
and flows, and delays and feedbacks were poor. In the case of global warming
students violated basic physical principles such as conservation of matter (Sterman
and Sweeney, 2002). In their study, Assaraf and Orion (2005b) found that most of
the high school students in their sample do not understand the dynamic and cyclic
nature of water cycle. Also, Evagorou et al. (2009) found that identification of
feedback loops in a system skill was not easy to develop even in a case which
students’ other systems thinking skills showed development. It is usually hard for
students to understand the relationships in systems especially when events or systems
are complex. The laboratory experiments also favor problems’ of individuals in
association with understanding relationships and complexity. People usually try to
use simplistic explanations rather than focusing on complexity and unidirectional
explanations are favored over multicausal explanations (Sweeney & Sterman, 2007,
Dunbar, 2008).

Pre-service science teachers preferred to use flow diagrams and schemas to explain
events before the implementation. However, some of them were not able to draw
anything even a figure or diagram. These PSTs were the ones with limited ability to
as means of differentiating elements and identifying and characterizing relationships.

After the implementation, pre-service science teachers’ picture drawing preferences
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increased. They give more details in pictures than in diagrams or figures. Some of
them add mechanism to their explanations. The mechanisms and indicators of
relationships are important. It also may be a sign of increasing systems thinking
abilities of PSTs. Three of these pre-service science teachers add indicators of
relationships and explanatory mechanism to drawing. Another three of PSTs do not
draw anything. Other three of them draw schemas showing the effects of geothermal.
Pre-service science teachers drawing abilities are also in a relationship with their
structural skills. When they could not present their ideas, it was not possible to
understand if their abilities were developing. Activity 3: Biogeochemical Cycles
seems to be effective as means of developing PSTs’ structural skills. Because, this
activity included investigation, discussion and drawing processes. While the
development in PSTs’ structural skills was not very explicit in geothermal real life
scenario, during the module implementation, drawings were powerful tools to show
PSTs’ skill development. Indeed, drawings are known to be powerful cognitive tools
in research literature (Tversky, 1999; Brooks, 2003).

Description and prediction as a systems thinking ability focuses on PSTs descriptions
of systems current situation and predictions of future behavior of systems in
changing conditions based on time dimensions and justification. Description and
prediction ability of PSTs is assessed through the question of what may happen in the
future if geothermal power plants are continue to increase and what may be the
results of this event in relation with human and nature. The preferred answers include
the observations of systems behavior in the past and present. Through the knowledge
of these two dimensions PSTs may make predictions about the future. However,
PSTs usually use present time without taking into consideration of past behavior of
the system while making predictions about the future. After the implementation one
PST clearly talk about both past and present while predicting future. Other PSTs
focus on two time dimensions. Pre-service science teachers use negative events such
as increase in cancer ratio, drying out of trees and decrease in agricultural practices
to make predictions about the future before the implementation. After the

implementation they use these situations with more uncertainty, because they their
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own ideas about geothermal power plants change in some degree. They usually
emphasize necessary precautions for geothermal power plants while talking about
future after the implementation. When talking about future pre-service science
teachers also reflect their feelings to their predictions instead of thinking about other
important factors which are in continuous change that may affect the situations in the
future such as increase in population, development, regulations, government
promotion, environmental destruction except from caused by GPPs, and economic
facilities. It may not be just related to limitedness of their description and prediction
ability, it may be related to their thinking just from limited dimensions of the issue.
On the other hand, some PSTs mention the needs of humans, role of renewable
resources in producing energy and economic development in their other expressions.
Ben-Zvi Assaraf (2004) mentions this systems thinking skill as retrospection and
prediction and classifies it as a higher-order systems thinking skill. After an earth
system instruction she found limited development (only 10-30% of students) in

junior high school students’ abilities of retrospection and prediction, similarly.

Pre-service science teachers systems thinking skills in the domains of content,
structure and behavior showed different patterns for students as explained above.
Limited development in pre-service science teachers systems thinking may be
attributed to the nature of the activities. The design of activities in the module was
based on several important principles such as; consisting of domain related activities,
adopting the inquiry process, coaching of thinking skills, ill-structured situations,
social construction of process and collaboration, providing motivating learning
context (Barab & Duffy, 2012). In the first activity, it is aimed to introduce the
concept energy to the pre-service science teachers and motivate them to for the
sessions. Questions related to energy are given to them. Initially, they tried to answer
these questions individually, and then they discussed their answers as a group. They
used reference books and internet to answer the questions. In the last stage of the
session, the questions are evaluated as a whole group discussion. The answers of the
questions are not given by the researcher. According to the observations of the

researcher and researcher notes taken during the activity, pre-service science teachers
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had difficulties with basic concepts related to energy; such as forms of energy,
energy resources and basic principles of energy. Also, during the process, pre-service
science teachers could not communicate well to each other and have difficulties with
investigating questions from resources; rather they tried to seek the right answers for
their questions from the instructor. Pre-service science teachers have some

difficulties as means of adopting student-centered learning process.

In the energy production and consumption activity, it is expected to develop pre-
service science teachers’ skills related to maintain boundaries, differentiate elements
and identifying and characterizing relationships in the systems. Energy production
and consumption issue is an abstract system when we compare it to a power plant
system or ecosystems. Also, this issue is a complex system and contains a lot of
relationships with issues such as technology, economy, resources, human behavior
and ecological concerns. In this activity, pre-service science teachers are expected to
make sense of data about, countries’ energy consumption, population, developmental
status and production. It was a difficult activity for pre-service science teachers as
indicated by their statements. During the sessions, from starting to the end, they have
difficulties with dealing with data sets through the questions. The best
implementation of the activity included one to one guidance of researcher with
groups of three or four students. In this activity, both practical difficulties and
deficiencies of limited thinking arouse. Practical difficulties included pre-service
science teachers’ skill deficiencies about computer use. To deal with these
deficiencies, the data is downloaded by the researcher from the internet and
distributed to the students. On the other hand, the way to reach data is shown to
students by making a practice by the researcher. Groups wrote down their work on
the computer and their answers are collected by the researcher. The practical
difficulties are tried to be overcame with these implementations. Other difficulties
included trying to find answers to general questions by using limited data, reaching a
conclusion by comparing extreme cases, and difficulties with understanding
relationships and differentiating distant and close relationships; namely, maintaining

boundaries. When pre-service science teachers tried to understand the relationships
114



between the factors such as developmental level of the countries, their population
and their energy use, they mainly focus on most and least developed countries, most
and least use of energy. Comparing extreme cases made difficult to see the whole
picture for them. They could not recognize the whole trajectory for these factors.
They usually concentrate on certain parts of data. A similar situation arose during
activity four, carbon based production and its’ effects. In this activity it is expected to
PSTs to realize the effects of human impact on environmental systems. Therefore,
this activity targets to develop pre-service science teachers’ description and
prediction and considering multiple perspectives skills in addition to structural
systems thinking skills. Activity four included an investigation process based on an
experiment. The importance of scaffolding, role of argumentation, presentation and
modeling through the experimentation process were taken into consideration in the
design of the activity (Lehrer, Schauble & Petrosino, 2008). During this activity
students had difficulties with each phase of the activity starting from argumentation.
It was hard for the PSTs to continue their dialogue when a new idea is proposed by a
group member. Instead of trying to elaborate and support their arguments, they prefer
to pass the argument when another group member told about some new ideas. Their
dialogues simply turned out to be saying you are wrong or that is true. Pre-service
science teachers needed guidance in their discussion process. When pre-service
science teachers asked questions of how and why to each other during the group
discussions, they could form a fertile investigation process. These group discussions
have a role of developing pre-service science teachers’ presentation abilities and give
them chances to realize their own reasoning processes. During the activity, they
needed help both as means of making a decision about their research questions and
during the implementation of the process of investigation. They mostly have
difficulties with deciding and limiting their problems as a researchable question.
With the guidance and help of the researcher they find their way to investigate. Most
of the students choose to do experiments and they used plants for their experiments.
The discussion and setting up the experiment took four hours to study. After they set

up their experiments they observed their plant with time intervals and recorded their
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findings. In the end of their experiment, they find some results as they predicted
before setting up the experiment. They usually state that because of CO,
concentration increase plants and if there are any animals in the location they could
die. However, they have difficulties with understanding their experiments’
weaknesses such as absence of necessary control groups. Therefore, as a result of
their experiment when their plant died, they could not interpret it from a systemic
perspective. During the activity it is seen that pre-service science teachers do not
realize the other factors affecting plant grow. They are not able to realize light,
structure of the soil, and atmosphere moisture. They only focus on CO, during their
experiment. The limitedness of PSTs systems thinking skills reflected on this
experiment during the process. They could not recognize plant growth as a system,
they focus on some of the parts, therefore; they could not grasp the whole picture
similar to the process in activity two. PSTs’ engagement and motivation in the
activity stayed at lower levels. The reason for lower engagement may be PSTSs’
abilities during the process. Student-centered learning-environments bring together
some challenges as means of students’ motivation (Adler, Schwartz, Madjar & Zion,
2018). Students’ abilities associated with doing inquiry activities are found to an
important factor in sustaining their motivation (Edelson, Gordon & Pea, 1999;
Veermans & Jarveld, 2004).

Between these two activities, activity three took place. In this phase of the module
implementation, it is expected to increase the pre-service science teachers
understanding of matter cycles, energy and ecosystems. Pre-service science teachers
watched videos related to biogeochemical cycles. Then, they work in groups and
tried to answer questions related to C-cycle and water cycle. They draw pictures to
reflect their understanding. During the session they were free to use internet and
reference books. Reference books were supplied by the researcher. In this session
PSTs’ drawings were more detailed as means of showing components and
relationships as compared with their interview drawings both before and at the end of
the module implementation. Some of the students also showed human impact on

ecosystems adding energy related activities. Pre-service science teachers’ structural
116



systems thinking skills show progress in this session in the context of ecosystems.
Drawing process and knowledge were helpful as means of developing PSTs’ systems
thinking skills. It is seen that he changes pre-service science teachers’ systems
thinking skills were complex and intertwined with a variety of other skills and
knowledge. For example, during the activity three and other parts of the
implementation, it is seen that pre-service science teachers’ have difficulties while
making drawings. Hung, Chang and Hung (2019) identified an experienced teacher’s
skills in metavisualization process about carbon cycle. In this article, they list a
variety of skills and knowledge that teacher used. In our case, our pre-service science
teachers tried to visualize energy production and consumption process in relation
with c-cycle during the session. Even if they were aware of the complexity of
relationships, they sometimes have difficulties with expressing them. In fact, their
skills of using symbolic representations and using text representations are effective
as means of expressing themselves. Also, pre-service science teachers’ knowledge of
these specific systems is important as means of applying their systems thinking.
During the implementation of the module, it is seen that pre-service science teachers’
understanding of topics such as water cycle, carbon cycle, electricity generation,
ecosystems, energy resource formation were limited. They were giving surface
explanations about the events. These limited level of knowledge made it hard to see
pre-service science teachers systems thinking skills. In their study, Assaraf and Orion
(2005), found similar results that conceptual understanding of eighth grade students’
influenced their systems thinking development. In addition to these findings, Lyons
(2014) found that students who have lower levels of knowledge also have lower
levels of reasoning, while students who have highest knowledge level, have higher
levels of reasoning in the case of earth systems. Therefore activity three was helpful
as means of providing PSTs to increase their knowledge besides increasing their
presentation skills by drawings. Another activity, geothermal power plant trip was
expected to be helpful as means of developing pre-service science teachers systems
thinking skills in four domains. Students usually have a tendency to think that

harmful gases are released by the GPPs are the reason for health problems with the
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respiration process according to their statements. In this study, this situation is
evident by participants’ statements. That may be in relation with the students’
tendency to not to realize the mechanisms and hidden dimensions of the systems.
Difficulties associated with understanding hidden dimensions and mechanisms of
systems are detected by various researchers (Sibley et al., 2007; Assaraf, Dodick and
Tripto, 2013; Batzri et al., 2015; Rodriguez, Kohen and Delval, 2015). Claims
related to GPPs’ effects also include water pollution besides air pollution. Another
activity in the module, water analysis activity targets to collect evidence and
interpreted this evidence in relation with systems. During this activity water from
different locations including Biiyilk Menderes River, artesian water near the GPPs,
tap water and irrigation water are compared as means of different parameters
including physical and chemical parameters. Activity is done as a demonstration
because of high student participation to the session. Pre-service science teachers
write down the findings about values of parameters and try to make sense of the
values. In the end of the sessions, during the interviews, it is seen that pre-service
science teachers usually do not remember this activity and it was not as effective as
their own observations of river and environment in the location. Also, there was no
evidence of PSTs systems thinking skills in relation with water analysis activity. The
reason for this may be that PSTs could not actively participate the activity from the
preparation to the end of the activity. The sample waters were supplied by the
researcher. If PSTs were involved this activity from the collection phase of the water
samples, and they could do the analysis with their own groups, it would be more
effective. The last activity in the module, energy production systems activity is
planned to be flexible to focus on how energy, used as electricity or other purposes,
is generated and used. During the implementation it is aimed to guide PSTs to focus
on any system they choose and work on it. Therefore it would be possible to develop
PSTs structural systems thinking skills. PSTs work in groups of two people. They
were responsible for their partner and other students to talk about the system they
work on. They worked together and identify their system initially. They did not

choose geothermal power plants, since they were familiar with GPPs from the field
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trip. They presented their system to the other PSTs. They asked questions to the other
groups about the systems they presented. This activity is helped them to comprehend
the structure of any physical system and they are better able to understand methods
of energy generation both in specific and general perspective. Especially, energy
production systems activity and biogeochemical cycles activities are thought to be
helpful as means of developing PSTs’ systems understanding besides other activities
in the STS module. The analysis of the interviews at the beginning and at the end of
the module implementation showed the development of systems understanding of
PSTs. Also, there were systems embedded in the content of the module such as
economy, technology, energy production-consumption, environment, and their
experimental set up. Therefore, all activities had a contribution of developing PSTs

systems understanding.
5.2. Recommendations

This dissertation is shaped through a module implementation that focused on energy
issues and systems thinking skills in energy related issues. Therefore both
implications for implementation and further research arising from the results of the

study discussed below.
5.2.1. Recommendations for Module Implementation

In this research through the STS module implementation process some issues
appeared. These issues shed light into recommendations part. One of them is
duration of module implementation. According to the results of this study, systems
thinking skills take time to develop. The current research is implemented in four
weeks duration and four to eight hours in a week. The duration of the implementation

may be extended to a semester to see the development of these skills.

The implementation took place in a science laboratory. Sometimes difficulties arise
due to physical deficiencies such as absence of ventilation, and the configuration of
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the laboratory. Therefore, this study may be repeated in more feasible and healthy

conditions.

The participants were 3™ grade science teaching students. It is thought that they
would better able to deal with issues of doing experiment and they could have basic
knowledge related to the issues of energy. However, the results are different from
expected. Therefore, this study also may be repeated with freshman, sophomore and
senior science teaching students. In addition to these, the course independency of this
STS module gives change to implement the module for different students from
various levels and back grounds in addition to undergraduate science teaching
students. The participatory group may include high school students and other

undergraduate school from various divisions.

Some of the activities may be extended by adding some elements. These activities
include water analysis, energy production and consumption, geothermal power plant
trip and energy production systems. PSTs participation of water analysis activity was
not as high as expected. In this study, water samples were prepared before the
activity by the researcher. Instead of prepared samples, pre-service science teachers
may collect these samples themselves with a guidance of the researcher if possible.
Therefore, they may involve each phase of the process from the preparation to the
end. It may give the participants chance to communicate with other people from the
location and see the water samples in their resource and environment. This would be
very helpful for them to understand the situation from a holistic framework and
increase their motivation through the activity. One of the activities which may be
extended is geothermal power plant trip. The trip was limited to experts’ guidance in
the power plant. It may be extended as means of including the other sides of the issue
such as interviews with farmers, activists, directors and people from the location.
Energy production and consumption activity may be extended to be as including
visualization of data and analysis of the data from different countries. The
participants’ knowledge and experience of dealing with data should be reconsidered

and guidance should be consistently supplied. Therefore, an implementation that
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focuses on only this aspect of systems thinking skills may take place. Also, building
a model of an energy production system, though included in the current research,

may be added to energy production systems activity.

Each of these activities arranged through a rationale that starts from providing
resources for gaining knowledge to understand the nature of issues. In each phase of
the module, participants knowledge level and other skills should be reconsidered that
could be helpful through the module implementation process. It is clearly seen that
the improvement in various skills such as argumentation, presentation, visualization
and experimental skills have important contributions to pre-service science teachers’
systems thinking skills. Therefore, these skills should be reconsidered in any

implementation about systems thinking.
5.2.2. Recommendations for Research

The current research contributed to the research as means of understanding pre-
service science teachers’ systems thinking skills development and interaction
between these skills and module implementation. Also, it is the first effort to test the
model proposed by Arnold and Wade (2017). Results showed that this model is
applicable and it seems to be effective as means of identifying systems thinking skills
of PSTs. Therefore researchers may use this model in their investigation and test the

applicability of this model at different contexts for further research.

According to the results of this study, PSTs systems thinking skill may be shaped by
nature of the systems. It means that their systems thinking skills used during the
process are embedded in the context. It arises as an issue to understand the
interaction between various definitions of systems thinking and students’ skills used
in the process. As an example, it is seen that PSTs realized the dynamic and cyclic
nature in the water cycle while they did not realize complex nature of geothermal
issue. Besides, cyclic relationships, more complicated relationships and uncertainty
took place in geothermal issue. That may be a reason for difficulties associated with
understanding relationships in this issue. Natural systems, social systems and
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contrived systems may be tested and compared as means of skills used in the process.
The complexity inherent in these systems may result in differentiation between skills

used. These issues should be reconsidered.

This study provides researchers valuable STS module which include the activities
related to energy issues from various perspectives. The issues that have social,
cultural, environmental and technological value should be further investigated in
instructional process. Science education may include more connections to social
values besides scientific values. Individuals who have more comprehensive

perspectives are needed. This issue should be reconsidered.

The researchers may use this module in their research with modifications for their
participatory groups. The results may be different for various groups in relation with

their background knowledge and motivation towards learning energy issues.

This study indicated that pre-service science teachers’ systems thinking skills are not
well developed. This result highlights the importance of integrating systems thinking
skills in education faculty programs and middle school programs. The importance of
systems and system related abilities are emphasized in science education in United
States Next Generation Science Standards. Emphasize on systems thinking abilities
is needed in Turkish curriculum, especially for science courses. It may be helpful to
develop various modules targeting development of systems thinking of individuals

for various topics and test these modules.

There were some skills that could not be detected in this research. Therefore, STS
module may be extended with additional activities focusing on these elements.
Modeling activities may be a part of this module, so that it may be possible to

increase individuals’ description and prediction abilities.

In addition to science course content, other disciplines for instance geography and
history are very suitable contents for integrating systems thinking. Therefore,

research about systems thinking in other educational disciplines may have very
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important contributions increasing individuals’ abilities. This issue should be

reconsidered.

Another critical result arising from the study is low motivation of pre-service science
teachers to students-centered learning environments in the module implementation
process. Education faculty students have an important role in shaping future
education. In this case, pre-service science teachers have troubles while working in
group, they have deficiencies as means of expressing themselves and they have low
motivation to very important issues about our future. Their values may be
investigated in association with their systems thinking skills. More research is
needed as means of understanding the motivational issues in relation with pre-service

science teachers’ systems thinking skills.
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APPENDICES
A. GEOTHERMAL REAL LIFE SCENARIO

Adi-Soyadi:
Tarih:

Asagida jeotermal enerji ile ilgili kiigiik bir tanitim yazisi verilmistir. Verilen metni
okuyunuz. Metnin sonunda verilen sorular1 kendi diisiinceleriniz dogrultusunda cevaplayiniz.

N <

Gorsel http://cleanenergy.ucoz.net/ adresinden almmustir.

Aydin Tiirkiye'nin tarim, sanayi ve dis ticaret ile turizm faaliyetlerinin bir arada bulundugu,
ekonomisi en gelismis bolgelerden olan Ege Bolgesi icindedir. Aydin ili ilk ¢aglardan beri
verimli topraklari, elverigli, iklimi, ticaret yollar1 tizerinde bulunmasi nedeniyle 6nemli bir
yerlesim merkezi olmustur. Giiniimiizde de tarimsal faaliyetlerin yogunlugu ve cesitliligi,
turizm olanaklarma sahip bulunmasi ilin 6nemini giderek artirmaktadir. Kuzey ve giineyi
daglik, engebelidir, iki bolim arasinda iki yandan faylarla smirlanmis ve sonradan
aliivyonlarla ortiilmiis geng bir ¢okiintli alan1 olan Biiyiikk Menderes ovasi yer alir. Aydin
ilinde meyvelikler 6zellikle zeytin ve incir agaclar genis alan kaplar.
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Son yillarda Aydin ilinin niifusu hizla artmaya baslamistir. Tiirkiye’nin biiyiiksehirleri
kapsamina alinmistir. Aydin Tiirkiye’nin hizli gb¢ alan sehirleri arasindadir. Tiim bunlarla
birlikte birinci dereceden deprem bdlgesidir ve ayn1 zamanda jeotermal kaynaklar yoniinden
de oldukgca zengindir. Jeotermal kaynaklar diinyada Amerika Birlesik Devletleri, Italya, Yeni
Zelanda, Izlanda ve Tiirkiye’de elektrik iiretimi, konut 1sitma, seracilik, su {irtinleri
yetistirilmesi, sicak su elde edilmesi, endiistri ve kaplicalarda kullanilmaktadir. Aydin’da son
yillarda jeotermal enerji tiretimi hiz kazanmistir. Ancak hiz kazanan bu iiretimle birlikte
ciftcilerin ve sivil toplum kuruluslarinin da jeotermal enerjiye tepkisi artmistir. Bu
tepkilerinin sebebini insan saghiginin ve tarimin olumsuz etkilendigi iddialarina
dayandirmaktadirlar. iddialarmi ise Aydin’da son ii¢ yilda artan 6liim oranlar1 ve kuruyan
incir ve zeytin agaglarin1 gerekge gostererek desteklemeye ¢aligmaktadirlar.

Bu bilgilere ve konu hakkindaki diisiincelerinize dayanarak asagidaki sorulari cevaplayiniz.
Sorular

1. Bu olaydan ne anliyorsunuz?

n

Bu gercek olaydaki anahtar sozciikler ne olabilir?

3. a. Bu olayda kag tane kiiciik olay bulunmaktadir?
b. Bu olaylarin basliklar1 neler olabilir?
C. Bu olaylar birbiriyle iligkili midir, nasil?

4. Bu biiyiik olay icerisinde birbiriyle iligkili olaylar ve iliskileri agiklayan bir
sema/resim ¢izip agiklayiniz?

5. Aydin’da jeotermal enerji santrallerinin kullanilmasinin gelecekte ne gibi etkileri
olabilir?

6. a. Bir jeotermal enerji santralinde nasil enerji tiretilir?
b. Enerjiyle ilgili bildiginiz ilkeler dogrultusunda jeotermal enerji santralindeki
enerji liretim siireclerini agiklaymiz.

7. a. Aydin ilinde cift¢ilik yapsaydiniz, jeotermal kaynaklarin kullanimi konusunda ne
diistintirdiiniiz?
b. Nasil bir davranis sergilerdiniz?

8. a. Siz Aydin ilinde bir jeotermal enerji firmasi igletiyor olsaydiniz nasil diiiirdiiniiz?
b. Nasil bir davranis sergilerdiniz?

9. a. Siz Aydin’da yasayan biri olarak bu olayla ilgili ne diisiiniiyorsunuz?
b. Bu problemin ¢oziimiinde nasil bir yol izlenebilir?

10. Siz Aydin’da yagamayan biri olsaydimz, bu konuda ne diisiliniirdiiniiz, nasil bir
davranis sergilerdiniz?

11. Sizce bu olay, insan ve doga ac¢isindan nasil sonuglar ortaya ¢ikarabilir, neden?
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B. INTERVIEW QUESTIONS

Enerji ve enerji iiretim sistemleri
1. Enerji tiretimi deyince akliniza ne geliyor, tanimlar misiniz?
a. Ornek verir misiniz?
b. Enerji tiretimi nasil gerceklesir?
2. Diinyada bazi iilkelerin enerji tiikketimi fazladir, bunun nedeni ne olabilir?
3. Enerji tiiketimi nelerden etkilenir?
4. Diinyada ne tiir iilkeler fazla enerji tiretebilir, neden?
5. Enerji iiretimi nelerden etkilenir?
6. Enerji iiretimi ile tiiketimi arasinda iliski oldugunu diisiiniyor musunuz?
a. evet ise, nasil?
b. hayir ise neden?
7. Enerji tiretim siireglerinde son yillarda yenilenebilir kaynaklarin kullanimi artmaktadir.
a. Yenilenebilir kaynaklar ne anlama gelir?
b. Yenilenebilir kaynak kullanimi neden artig gostermektedir?
8. Termodinamik yasalar1 nelerdir, agiklar misin?
9. Enerjinin etkili kullanimi ne anlama gelir?
10. Bir elektrik santralinin %35 verimle ¢alismasi ne anlama gelir?
11. Enerjinin siirdiiriilebilirligi ne anlama gelir?
12. Enerjinin siirdiiriilebilirligini saglamak i¢in hangi yollar izlenebilir?
13. Enerjinin diinya genelinde tiim insanlara adil dagiliyor mu, cevabiniz1 gerekgeleriyle
aciklayiniz?

Sistemler

1. Fen bilimleri i¢inde diisiinerek bir sistemi nasil tanimlarsiniz?
2. Fen bilimlerini diisiinerek bir sisteme ornek verebilir misiniz?
3. Bir sistemi olusturan 6geler nelerdir?
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C. SAMPLE ACTIVITIES

Activities in STS Module Activity 1: What is Energy (Teacher Guide)
Etkinlik 1: Enerji Nedir? (Onerilen Siire: 4 ders saati)
Hedefler:

1. Bu etkinlikte temel amacg 6grencilerinin enerji konusundaki bilgilerinin agiga
cikarilmasi ve 6grencilere temel enerji kavramlarinin hatirlatilmasidir.

Ogrenme Ciktilar
Ogrenci,

1. Enerjinin ne oldugunu agiklar.

2. Enerji tiirlerini ve enerji kaynaklarini ayirt eder ve tiir ve kaynaklara drnekler
Verir.

3. Enerjiyle ilgili temel yasalari agiklar.

Isleyis:

Dersin girisinde 6grencilere asagidaki sorular yoneltilerek enerji konusunda siifca
tartisma yapilir:

Enerji nedir?

Enerjinin korunumu nedir?

Enerji dontigiimii ne demektir?

Enerjinin tiiketilmesi ne anlama gelir?

Enerji nereden gelir?

Enerji tiretilir mi, nasil?

Enerji tiretmek i¢in ne gerekir?

Enerji liretimi sonucunda ne olusur?

Teknoloji ve enerji tiretimi arasinda nasil bir iligki vardir?
Enerji tiretiminin ¢evreye etkisi var midir, nasil?

Enerji iiretiminin siirdiiriilebilir olmasi ne anlama gelir?
Enerji iiretim sistemi dedigimizde akliniza ne geliyor?
Bir enerji iiretim sisteminin bilesenleri neler olabilir?
Enerji iiretim sisteminde hangi olaylar meydana gelir?

Ogrencilere bu sorular yoneltilerek enerjiyi nasil diisiindikleri ve temel enerji
ilkelerini ne diizeyde anladiklari ortaya ¢ikarilmaya calsilir. Ogrencilerin bu sorulara
toplu degil, sirayla cevap vermeleri saglanir. Ogrenciler bu asamada diisiincelerini
ifade ederken yonlendirilmezler ancak, siire¢ boyunca enerji konusunu enerji krizi ve
enerji iretimi baghig altinda ele alacagimiz ifade edilir. Bir saat sinif tartigsmasi
yapildiktan sonra 6grencilere ikinci ders saati i¢cin okuma ve derste sorulan sorular
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basili olarak dagitilir. Ogrencilerin sorulara verdikleri cevaplar1 defterlerine not
etmeleri istenir.

Not: Ogretmen, ogrencilerin konu ile ilgili temel kavramlar1 hatirlamamalart
durumunda hatirlatma amaciyla bir ders saatini asmamak kaydiyla konu anlatima,
video ve orneklerle agiklamalar yapabilir.

Ogrenciler icin kisaca inceleyebilecekleri kitaplar:

McLeish, Ewan (2013). Diinya Sorunlari: Enerji Krizi. Tiibitak Popiiler Bilim
Yayinlari

Activity 1: What is Energy? (Student Handout)

Asagida verilen sorularin cevaplarin1 kaynaklardan ve bilgilerinizden yararlanarak,
cevaplayiniz, cevaplarinizi defterlerinize yaziniz.

e Enerji nedir?
Enerjinin korunumu nedir?
Enerji doniigiimii ne demektir?
Enerjinin tiiketilmesi ne anlama gelir?
Enerji nereden gelir?
Enerji tiretilir mi, nasil?
Enerji iiretmek i¢in ne gerekir?
Enerji tiretimi sonucunda ne olusur?
Teknoloji ve enerji tiretimi arasinda nasil bir iligki vardir?
Enerji iiretiminin ¢evreye etkisi var midir, nasil?
Enerji iiretiminin siirdiiriilebilir olmasi ne anlama gelir?
Enerji iiretim sistemi dedigimizde akliniza ne geliyor?
Bir enerji liretim sisteminin bilesenleri neler olabilir?
Enerji iiretim sisteminde hangi olaylar meydana gelir?

Activity 2: Energy Production and Consumption (Teacher Guide)
Etkinlik 2: Enerji Uretimi ve Tiiketimi (Onerilen Siire: 4 ders saati)

Qgrenme Ciktilar
Ogrenci,

1. Bir enerji liretim-tiiketim siirecindeki iligkileri belirler.

World Data Bank web sitesi lizerinden iilkelerin enerji kullanimi, elektrik kullanimu,
enerji sagladiklar1 kaynaklarin dagilimi ve benzer verilere ulasilabilmektedir. Bu
veriler renkli haritalar, grafikler ve excell formatinda verilerin bilgisayara
kaydedilmesi seklinde elde edilebilmektedir.
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Bu etkinlikte 0grenciler bilgisayar laboratuvarinda ¢alisacak ve calismalarini flash
bellek tlizerinde kendi adlarina agacaklari klasorlere kaydedeceklerdir. Ayn1 zamanda
not defterlerine ydnlendirici sorularin cevaplariyla ilgili notlar alacaklar. Ogrenciler
asagida bulunan sorular dogrultusunda web sitesinden aldiklar1 verileri tarayacak,
grafikleri inceleyecek ve veriler dogrultusunda enerji tliketimi, enerji iretimi,
alternatif enerji tretimi, enerji kaynaklarmin dagilimi arasindaki iliskileri tespit
etmeye calisacaklar.

Ogrencilerin verileri kullanarak cevap arayacagi sorular:

1. Enerji tiiketimi en yiiksek ve en diisiik bes tilke hangileridir?

2. Niifusu en fazla ve en az olan bes iilke hangileridir?

3. Enerji tiiketimini etkileyen faktorler neler olabilir?

4. Niifus degisimi ve enerji tiiketimi arasindaki iliskiyi nasil gosterebiliriz?

5. Yenilenebilir enerji kaynaklarinin kullanim1 diinya genelinde nasil degismektedir?
6. Yenilenebilir enerji kaynaklarinin toplam enerji kaynaklar i¢indeki payr nasil
degismektedir?

7. Yenilenebilir enerji kaynaklarinin toplam enerji tiikketimi i¢inde en biiyiik ve en
kiiclik paya sahip oldugu iilkeler hangileridir?

8. Yenilenebilir enerji kaynaklarmin kullanimi ile tlkelerin gelismislik diizeyleri
arasinda iliski olabilir mi, nedeni agiklayiniz?

9. Yenilenebilir enerjinin toplam iiretim ic¢indeki paymin degigsmesinin nedenleri
nelerdir? Gerekgeleriyle aciklayiniz.

10. Elektrik kullanim1 diinya genelinde nasil dagilim gostermektedir?

11. Elektrik kullanimin1 etkileyen faktorler neler olabilir? Gerekgeleriyle agiklayiniz.
12. Diinya genelinde elektrige erisim nasildir? Niifusunun ¢ogunlugu elektrige
erisemeyen tlilkeler hangileridir?

13. Tiirkiye’de enerji kullanimi yillara gore nasil degismektedir?

14. Tiirkiye’de enerji hangi kaynaklardan tiretilmektedir?

15. Tiirkiye’de yenilenebilir enerji kaynaklarmin kullanimi toplam enerji kaynaklar
i¢inde nasil bir paya sahiptir?

Yansitma:

Ogrencilerden verileri kullanarak bulduklari cevaplart not defterlerine yazmalari
istenir. Dort veya bes kisilik gruplar olusturulur ve bu gruplardan bir araya gelerek
bulduklar1 cevaplar tartigmalari istenir.

Tartisma bittikten sonra not defterlerine baslangigta sorularin cevaplari hakkinda ne
diistindiikleri, veri analizi ve tartisma sonucunda fikirlerinde degisme olup

olmadigini olduysa neler diisiindiiklerini yazmalart istenir.

Activity 2: Energy Production and Consumption (Student Handout)
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World Data Bank web sitesi tizerinden iilkelerin enerji kullanimi, elektrik kullanima,
enerji sagladiklar1 kaynaklarin dagilimi ve benzer verilere ulasilabilmektedir. Bu
veriler renkli haritalar, grafikler ve excell formatinda verilerin bilgisayara
kaydedilmesi seklinde elde edilebilmektedir.

Bu ¢aligmada sizlerden bu web sitesinden indirilip flash bellege kaydedilen verileri
sorumlu 6gretim elemanindan alarak, bilgisayarlariniza kaydetmeniz ve bu verileri
kullanarak asagida verilen sorulari cevaplamaniz beklenmektedir. Cevapladiginiz
sorular1 bilgisayarda word programinda yazip Ogrenci numaranizla kaydetmeniz
gerekmektedir. Ders bitiminde sorumlu &gretim elemani sizlerden kaydettiginiz
dosyalar alacaktir.

Sorular:

1. Enerji tiiketimi en yiiksek ve en diisiik bes iilke hangileridir?

2. Niifusu en fazla ve en az olan bes iilke hangileridir?

3. Enerji tiiketimini etkileyen faktorler neler olabilir?

4. Niifus degisimi ve enerji tiiketimi arasindaki iligskiyi nasil gosterebiliriz?

5. Yenilenebilir enerji kaynaklarmin kullanimi diinya genelinde nasil degismektedir?
6. Yenilenebilir enerji kaynaklarinin toplam enerji kaynaklar1 icindeki payr nasil
degismektedir?

7. Yenilenebilir enerji kaynaklarinin toplam enerji tiikketimi i¢inde en biiyiik ve en
kiiciik paya sahip oldugu iilkeler hangileridir?

8. Yenilenebilir enerji kaynaklarmin kullanimi ile ilkelerin gelismislik diizeyleri
arasinda iliski olabilir mi, nedeni agiklayiniz?

9. Yenilenebilir enerjinin toplam {iretim igindeki payimnin degismesinin nedenleri
nelerdir? Gerekgeleriyle agiklaymiz.

10. Elektrik kullanimi diinya genelinde nasil dagilim gdéstermektedir?

11. Elektrik kullanimin etkileyen faktorler neler olabilir? Gerekgeleriyle agiklayiniz.
12. Diinya genelinde elektrige erisim nasildir? Niifusunun g¢ogunlugu elektrige
erisemeyen lilkeler hangileridir?

13. Tiirkiye’de enerji kullanimi yillara gore nasil degismektedir?

14. Tirkiye’de enerji hangi kaynaklardan tiretilmektedir?

15. Tirkiye’de yenilenebilir enerji kaynaklarinin kullanimi toplam enerji kaynaklar
icinde nasil bir paya sahiptir?

Yansitma:

Dort kisilik gruplar olusturunuz. Sorulara verdiginiz cevaplar1 karsilastiriniz.
Arkadaslarinizla farkli cevaplarinizin nedenlerini tartisiniz. Fikirlerinizde degisme
oldu mu, nedenlerini aciklaymiz.

Activity 4: Carbon Based Production and Its’ Effects (Teacher Guide)

Etkinlik 4: Karbona Dayali Enerji Uretimi (Onerilen Siire: 4 ders saati)
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Ogrenme Ciktilart
Ogrenci,
1. Fosil yakita dayali enerji iiretiminin ¢evre acgisindan sonuglarini tartigir.
2. Karbona dayali enerji iiretiminin sonuglarini degerlendirmeye yonelik bir
arastirma tasarlayip uygular.

Ogrenci bu ¢alismada grup arkadaslariyla tartisarak konuyla ilgili dnbilgilerini ve
arastirma amaciyla neler yapilabilecegini belirler. Bu siiregte asagida verilen iglem
basamaklarina uygun hareket edip etmedigi sorumlu o6gretim elemani tarafindan
takip edilir.

Merak edilen aragtirma konusunun saptanmasi

Nedensel bir arastirma sorusu olusturulmasi

Ongoriilen agiklama

Arastirma sorusuna nasil cevap verileceginin planlanmasi

Tahmin edilen sonuglarin tartisilmasi

Gozlemlenen sonuglar

Sonuglarin rapor edilmesi (arastirmanizi defterlerinize rapor olarak yaziniz).

. Arastirmadan hareketle gelecekte yapilabilecek olasi arastirma konularinin
tartisilmasi

PN A WNE

Ogretim eleman1 dgrencileri siire¢ boyunca izleyerek sistemsel diisiinme becerilerini
tasarim ve uygulama siirecinde nasil kullandiklarmi takip eder. Gerekli durumlarda
yonlendirmek i¢in sorular sorar.

Activity 4: Carbon Based Production and Its’ Effects (Student Handout)

Enerji Uretim siirecinde fosil yakitlar tercih {retildiginde (O6rnegin; -elektrik
tiretiminde termik santraller kullanildiginda, 1sinma amacghi veya tasimada fosil
yakitlar kullanildiginda. . .) karbondioksit gazi aciga ¢ikar.

Atmosferik CO2 (karbondioksit) gazinin artmasi karbon dongiisiinde ne gibi
degisikliklere sebep olabilir?

Bu temel soru cercevesinde merak ettiginiz bir konu saptayip asagidaki siiregleri
takip ederek bu konuyla ilgili grup arkadaslarinizla birlikte bir arastirma yapiniz.

Asagidaki islem basamaklarini takip ediniz.

Merak edilen arastirma konusunun saptanmast

Nedensel bir aragtirma sorusu olusturulmasi

Ongoriilen agiklama

Arastirma sorusuna nasil cevap verileceginin planlanmasi

Tahmin edilen sonuglarin tartisilmasi

Gozlemlenen sonuglar

Sonuglarin rapor edilmesi (arastirmanizi defterlerinize rapor olarak yaziniz).

: Arastirmadan hareketle gelecekte yapilabilecek olasi aragtirma konularinin
tartigilmasi

PN A WNE
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Yukarida belirtilen islem basamaklarini uygularken basili kaynaklardan (kitap/dergi
ya da internet) faydalanimz. Onceki derslerde grupga olusturdugunuz karbon
dongiisii modellerini gbz Oniine aliniz.

Activity 6: Analysis of Water (Teacher Guide)

Etkinlik 6: Suyun Analizi (Onerilen Siire: 4 ders saati)
Hedefler:

1. Bu etkinlikte 6grencilerin Menderes Nehri’nden alinan su, artezyen suyu,
musluk suyu ve damacana sularin fiziksel ve kimyasal 6zelliklerini
karsilastirarak, nehrin  kirliligine yonelik iddialara yanit aramasi
hedeflenmektedir.

2. lIddialara deney yoluyla cevap arama siiresince ogrencilerin sistemsel
diisiinme becerilerine yonelik anlayis kazanma ve bu anlayis1 kullanmalari
beklenmektedir.

Qgrenme Ciktilar

Ogrenci,
1. Ekosistemdeki bilesenler arasindaki iligkileri tespit eder.
2. Ekosistemdeki bilesenler arasindaki iligkilerin niteligini ifade eder.
3. Ekosistemdeki dongiisel yapiy: fark eder.
4. Menderes Nehri’nin gegmisteki durumunu arastirir ve agiklar.

5. Menderes Nehri’nin gelecekteki durumuna yonelik tahminlerde bulunur.
Isleyis:

Ogrenciler bu etkinlikte grup olarak calisirlar. Farkli kaynaklardan gelen su
numunelerinin fiziksel ve kimyasal Ozelliklerini su test kitleriyle belirleyip,
karsilastirma yaparlar. Bu karsilastirma sonuglarina gore suyun o6zelliklerini;
icilebilirlik, canlilar i¢in yasam alani saglayabilme, sulamada kullanim gibi islevleri
yoniinden degerlendirirler.
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D. PHOTOS FROM MODULE IMPLEMENTATION
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E. AN EXAMPLE OF ASSIGNED CONSENT FORM

Aragtirmaya Géniilli Katthm Formu

Bu ¢alisma Prof, Dr. Ceren OZTEKIN damismanliinda ve Prof. Dr. Gaye TEKSOZ es-
danigmanhginda yiiriitiilen bir tez aragtirmasidir. Caligmanin amact Adnan Menderes
Universitesi Fen Bilgisi Ogretmenligi Anabilim Dali’nda dgrenim goren 6gretmen adaylarin
sistemsel diisiinme becerilerini incelenmesi ve geligtirilmesidir.

Bu galisma FBO309 Fen Ogretimi Laboratuvar Uygulamalari I ve FBO310 Fen
Ogretimi Laboratuvar Uygulamalari II dersi kapsaminda yiiriitiilecektir. Calismaya katilimimz
gelecegin &gretmenlerinin, enerji konusundaki sistemsel diigiinme becerilerini gelistirme ve
inceleme olanag saglayacaktir. Caliyma fiziksel ve ruhsal herhangi bir risk tasimamaktadur.
Sizlerden beklenen ¢alismanin baginda ve sonunda verilecek olan sorular1 ve degerlendirme
araglarin igtenlikle yamtlamamzdir. Bu araglar1 yamtlamaniz toplam 60-90 dakikamzi
alacaktir. Calismanin ilerleyen safhalarinda sizlerle degerlendirme araglari ile ilgili goriigmeler
yapilacaktir. Gériigmeler toplam 90-120 dakikaniz1 alacaktir.

Bu aragtirmada yer almak tamamen sizin isteginize baglidir. Arastirmada yer almay:
reddedebilirsiniz ya da herhangi bir asamada aragtirmadan ayrilabilirsiniz; bu durum herhangi
bir cezaya ya da sizin yararlariniza engel duruma yol agmayacaktir. Arastirmanin sonuglar
bilimsel amagla kullamlacaktir; size ait kimlik bilgileri gizli tutulacaktir ve aragtirma
yayinlansa dahi kimlik bilgileriniz verilmeyecektir.

Arastirma hakkinda ek bilgiler almak i¢in ya da galigma ile ilgili herhangi bir sorun,
istenmeyen etki ya da diger rahatsizliklarimiz igin Adnan Menderes Universitesi Matematik ve
Fen Bilimleri Egitimi Bolimii’'nden Aragtirma Gorevlisi Hediye CAN’ a

(hediye.can@adu.edu.tr) bagvurabilirsiniz.

Bu calismaya tamamen goniillii olarak katiliyorum ve istedigim zaman yarida kesip
ctkabilecegimi biliyorum. Verdigim bilgilerin bilimsel amagch yayimlarda kullanilmasin

kabul ediyorum. (Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Tarih fmza Ahqan Ders
‘9"("/-'”-/"20, } ;-/‘;l(//(-/ / ZT(:’” [5",{/1;71" /id/?—_

Isim Soyad
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F. PERMISSION FROM FACULTY ADMINISTRATION

Evrak Tarih ve Sayisi: 24/11/2017-E.65943 |IIIIIII||I|I I

TC.
ADNAN MENDERES UNIVERSITESI REKTORLUGU
Egitim Fakiltesi Dekanlis:

Sayi : 57620817-605.01
Eomu : Veri Toplama

Savin Aras Gor. Hediye CAN
Aragtirma Gérevlisi

Fen Bilimleri Ogretmen Adaylanmn Sistematik Diisiinme Becerilerinin Biitiinlegtirilmis
Enerji Egitimi Prograpuvla Gelistirilmesi konulu doktora teziniz kapsanunda 2017-2018
Egitim-Ofretim Yilinda Fakiiltemiz Fen Bilgisi Ogretmenlifi Lisans Programi &grencilerine
dlcek uygulama/ders uygulama 1stefimz Dekanlifimizea wygun bulunmustur.

Bilgilennizi ve geredini rica ederim.

e-imzaldir
Yrd.DocDr. Soner ALADAG
Dekan a.
Dekan Yardumcis:
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G. HUMAN SUBJECTS ETHICS COMMITTEE PERMISSION

UPEIRLAKALL ETIE ARASTIRMA MERKEZ 4. ORTA DDGU TEKHIK UNIVERSITESI
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I. TURKISH SUMMARY/TURKCE OZET

1. GIRIS

Cagimizda bilim, teknoloji ve bilgi birikimi hizla gelismektedir. Bu hizli gelisim
insan hayatini kolaylastirmakla beraber kiiresel boyutta yaygin etkileri olan karmagik
sorunlart da beraberinde getirmektedir. Giinlimiizdeki hizli gelisim ve degisimin
sonuclar1 diinya ¢apinda pek cok iilkede bireylerden beklentileri ve egitimin yoniinii
degistirmektedir. Bircok iilkede bilgiyi {lireten, kullanan, problem c¢ozebilen,
girisimci, elestirel diisiinebilen, iletisim becerileri yliksek, empati kurabilen, karar
verme becerilerine sahip ve kiiltiire ve topluma katki saglayabilen bireyler
yetistirmek yiizyilin beklenen profili olarak one ¢ikmaktadir (A Framework for K-12
Science Education, 2012; National Curriculum in England: Science Programs of
Study, 2013, 2014; Milli Egitim Bakanligi, 2013, 2018). Ulkemizde de Ogretim
programlarinda bireylere bu becerilerin kazandirilmasinin 6nemi vurgulanmaktadir.
Ayni zamanda giincel fen bilimleri dersi 68retim programinda analitik diistinmenin
onemi de bu becerilerle birlikte yer almaktadir (MEB, 2018). Analitik diisiinme
olaylari, olgular1 ya da bir biitiinii bilesenlerine ayirarak ve bu bilesenlerin islevlerini
anlayarak olayin ya da olgunun anlasilmasini1 hedefleyen bir beceridir (Mella, 2012).
Ancak giinlimiizde bunu ¢evreleyen olaylar1 anlamak ic¢in analitik diisiinme yeterli
olmamaktadir. Kiiresel iklim krizi, enerji iiretimi, tilketimi ve yOnetimi, enerjiyle
ilgili davranislar, ¢evre sorunlari ve ekonomi gibi konularin tamami baglantili ve
karmagsik konulardir. Bu konulari anlamak, degerlendirmek ve bu konularla ilgili
karar vermek analitik diistinme perspektifinin Otesine gegmektedir. Sistemsel

diisiinme bize karmasik konularla bas etmede bir yol sunar (Daellenbach &
McNickle, 2005; Meadows, 2009; Mella, 2012; Higgins, 2015).

Cevre sorunlari, hastaliklar, ekonomi ve bireysel davranislar gibi konular karmagsiktir
ve konular1 anlamaya ve karar almaya calisirken her zaman bilgi eksikligi vardir.
Indirgemeye dayali yaklasim bu konular1 anlamaya ¢alisirken yetersiz kalir ve bu

durumda biitiinciil perspektife ihtiya¢ duyariz (Meadows, 2009; Higgins, 2015).
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Sistemsel diisiinme olaylar1 baglaminda anlamay1 gerektirir (Yurtseven & Buchanan,
2016) ve dogrusal diisiinmenin oOtesindedir. Sistemsel diisiinmeyi anlamak igin
sistemlere deginmek faydali olabilir. Sistem diizenli sekilde etkilesim gosteren
birbiriyle baglantili bir elemanlar biitiintidir (Merriam Webster Dictionary, 2019).
Bir sistem; elemanlari, baglantilar1 ve islevi ile sekillenir (Meadows, 2009). Hiicre,
madde dongiileri, ekosistemler, Diinya, bir araba ya da lilke ekonomisi sistemlere
ornektir. Bu sistemlerin bazilar1 mekanik, sabit bir yap1 gosterirken bazilar1 karmagik
ve degisken yapiya sahiptir. Sistemsel diisiinme ise bir yapmin nasil isledigini,
yapinin bilesenleri islev kaybina ya da degisime ugradiginda neler oldugunu ya da
sisteme bir miidahale oldugunda sistem davranisinin nasil etkilendigini anlama
becerisi olarak tanimlanmaktadir (NRC, 2010). Literatiirde sistemsel diisiinme
arastirmacilar tarafindan bir seri diistinme becerisi (Richmond, 2000; Sweeney &
Sterman, 2000), hiyerarsik iist diizey dlistinme becerileri seti (Stave & Hopper, 2007,
Assaraf & Orion, 2010) ya da iliskili diistinme becerileri seti olarak tanimlanmistir

(Behl & Ferreira, 2014; Arnold & Wade, 2017).

Gilinlimiizde egitimde beklentilerin degismesiyle birlikte sistemsel diistinme
becerileri son yillarda Onem kazanmaya baglamistir. Amerika’da Ggretim
programinda sistemler ve sistemlere iligkin bir¢ok beceri ana kavramlar olarak yer
bulmaktadir (NRC, 2010). Bu kavramlar, Ooriintiiler, neden-sonu¢ iliskileri,
mekanizmalar ve agiklamalar, Ol¢ek, oran ve nicelik, sistemler ve sistem modelleri,
enerji ve madde kavramlart olup sistemsel diigiinmeyle iligkili kavramlardir. Ayn
zamanda bilim ve miihendislik uygulamalar1 sistemlerle dogrudan iliskilidir.
Ogrencilerle birlikte 6gretmenlerin sistemsel diisiinme becerileri de oldukga
onemlidir. Ogretmenlerin sistemsel diisiinme becerileri siirdiiriilebilir kalkinma
bilinci kazandirma baglaminda arastirnllmakla birlikte farkli  baglamlarda
aragtirmalarin sinirhi oldugu goriilmektedir. Sistemsel diisiinme becerileri 6zellikle
fen egitiminde 6nemli olabilir. Ulkemizde fen 6gretim programinda sistemsel

diisiinme becerileri agik olarak yer almamakla beraber kazanimlarin bazilarinda ortiik

olarak iliskili beceriler bulunmaktadir (MEB, 2013; MEB, 2018).
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Enerji konusu sistemsel diisiinme becerileri gerektiren, hem bilimde hem de giinliik
hayatimizda biiyiik 6neme sahip bir konudur. Giiniimiizde enerji sorunlar1 karmasik
ve ¢ok yonlidir. Giinliik faaliyetlerimizi devam ettirebilmek i¢in her alanda enerjiye
bagimliyiz. Enerji ile ilgili konular ¢evre problemleri, ekonomi, toplum, siyaset ve
teknolojiyle yakindan iligkidir. Bireylerin enerji ile ilgili davraniglar1 sosyoloji ve
cevre psikolojisinde karar verme kuramlari, tutuma dayali modeller, davranissal
ekonomi ve faydaci kararlar yoniinden arastirilmistir (Lopes, Antunes & Martins,
2012). Ancak bireylerin davranislarinin  sekillenmesinde egitim ve bireysel
deneyimlerinin yeri 6nemlidir. Bireylerin enerji konularindaki sistemsel diisiinme
bicimlerinin gelistirilmesi belki de egitim ile miimkiindiir ve bu uzun bir siireg
olabilir. Bu konudaki arastirmalar olduk¢a sinirlidir. Fen egitimi agisindan
bakildiginda enerji konulart 6gretim programinda disiplin temelli yer almakta, temel
egitimde fen bilimleri dersinde, ortadgretimde fizik, kimya ve biyoloji derslerinde
bilimsel yoniiyle ele alinmaktadir. Fen 6gretim programlarinda, enerji konularinin
giinliik hayattaki 6nemi; enerji kaynaklari, kullanimi, ¢evresel, ekonomik, teknolojik
ve sosyal boyutlariyla biitiinciil sekilde yer almamaktadir. Enerji konularinin
Ogretimine yonelik tarihsel yaklagim, ¢oklu baglamlar, fen-teknoloji-toplum-gevre
yaklasimi, gelisimsel kavramsal yaklasim ve biitiinciil yaklasim olmak tizere farkli
yaklasimlar Onerilmektedir. Enerji konusunda fiziksel baglam ve genel sosyal
baglam birbirinden ayrildiginda enerji anlayisinin yeterli diizeye ulasamayacagi

vurgulanmaktadir (Besson & Ambrosis, 2014).

Enerji konularinin karmasik ve ¢ok boyutlu olmasi gergeginden hareketle sistemsel
diistinme becerilerinin enerji baglaminda 6nemli ve sinirli ¢alisma olan bir alan
oldugu goriilmektedir. Bu tezin konusu enerjinin sistemsel diisiinmenin enerji
baglamindaki 6nemi ve bu alandaki c¢alisma eksikliginden yola ¢ikarak

belirlenmistir.

Bu arastirma, enerjinin; enerji kaynaklari, ¢gevre ve enerjinin toplumsal boyutlariyla
ele alindig1 bir baglamda sistemsel diisiinme becerilerini gelistirmeyi hedefleyen bir

dizi etkinlik tasarlanarak olusturulan bir sistemsel diisiinme becerileri modiilii
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uygulanmasiyla, fen bilimleri 6gretmen adaylarinin sistemsel diisiinme becerilerinin
ve sistem anlayislarinin nasil degistigini anlamay1 hedeflemektedir. Bu amacla

asagida belirtilen aragtirma sorularina cevap aranmistir:

1. Fen bilimleri 6gretmen adaylarmin enerji baglaminda sistemsel diisiinme
becerilerinin gelistirilmesi amaciyla tasarlanan sistemsel diistinme becerileri
modiilii hangi etkinlikleri icermektedir?

2. Fen bilimleri 6gretmen adaylarinin enerji konularindaki sistemsel diisiinme
becerileri sistemsel diistinme becerileri modiiliiyle nasil gelistirilebilir?

3. Fen bilimleri O6gretmen adaylarinin genel sistem anlayiglar1 sistemsel

diistinme becerileri modiiliiniin uygulanmastyla nasil degigmistir?

Bu arastirma sorularina cevap aranirken Arnold ve Wade (2017) tarafindan
gelistirilen sistemsel diisiinme becerileri modeli aragtirmanin baglamina uyumlu hale
getirilerek kullanilmistir. Bu model sistemsel diisiinme becerilerinin sezgi kazanma
ve bu sezgiyi uygulama olarak iki temel alanda ayrildigini ve sezgi kazanmaya eslik
eden becerilerin genel ve alandan daha bagimsiz iken, sezgiyi uygulamaya eslik eden
becerilerin baglamla daha iliskili ve 6zel beceriler oldugunu iddia etmektedir. Sezgi
kazanmaya eslik eden becerilerin alani diisiince yapist ile tanimlanmakta, sezgiyi
uygulama becerileri ise igerik, yap1 ve davranis alanlar1 olarak tanimlanmaktadir. Bu
dort alan igeriginde birbiriyle iligkili beceriler bulundurmaktadir. Bu modelin ve
enerji konularinin ele alinmasiyla uygulamaya yonelik etkinlikler igeren bir modiil
olusturulmasi, fen bilimleri 6gretmenlerinin sistemsel diisiinme becerilerinin nasil
gelistirilebileceginin arastirilmas1 ve sistemsel diistinme becerileri modelinin
islevselliginin enerji baglaminda irdelenmesiyle bu tezin fen bilimleri egitimi

alanina, aragtirmacilara ve egitimcilere katki saglanmasi hedeflenmistir.
2. YONTEM

Bu tez fen bilimleri O6gretmen adaylarmin sistemsel diisiinme becerilerinin
belirlenmesi ve gelisiminin nasil oldugunun arastirilmasi amaciyla tasarlanmig nitel
bir durum ¢alismasidir. Durum sinirlandirilmis bir baglamda ortaya ¢ikan bir olay
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olarak tanimlanabilir. Nitel bir arastirmada durum bir rol, bir kisi, bir program, bir
olay, bir grup insan, bir politika, bir ¢evre ya da belirli bir zaman aralig1 olabilir
(Miles, Huberman & Saldana, 2014; Merriam & Tisdell, 2015). Nitel arastirmacilar
sosyal diinyanin karmasik yapisinda olaylari dogrusal neden-sonug iliskilerine
dayandirarak yorumlamanin miimkiin olmadigini ifade ederler. Bu goriisten yola
cikilarak durumlar karmagik sistemler olarak goriilebilir. Bu karmasik gercekligi
anlamak icin onu ¢ift yonli nedensellik ve geri besleme mekanizmalarindan,
etkilesimlerden ve farkli sonuclar iireten kirilma noktalarindan olusan bir biitiin
olarak gormek gerekir (Schwandt & Gates, 2018). Nitel durum ¢alismalar1 bu sinirh
sistemin zengin agiklamalarindan olusan bir {iriin ortaya koyar (Merriam & Tisdell,

2015).

Bu tezde arastirmaci tarafindan enerji baglaminda sistemsel diisiinme becerilerinin
gelistirilmesine yonelik bir dizi etkinlik iceren bir modiil olusturulmus ve modiil fen
bilimleri dgretmen adaylarinda uygulanmistir. Ogretmen adaylarmin sistemsel
diistinme becerileri modiil uygulanmadan o6nce, uygulama siiresince ve modiil
uygulamasi bitince degerlendirilmis ve sistemsel diisiinme becerilerindeki degisim

arastirilmastir.

Arastirmaya Tiirkiye’de bir devlet {iniversitesinde fen bilgisi 6gretmenligi anabilim
dalinda {i¢iincii sinifta 6grenim goren dokuz fen bilimleri 6gretmen aday: katilmistir.
Ogretmen adaylarinin yaslar1 20-22 arasinda, not ortalamalar1 ise 2.87-3.29/4
arasinda degigsmektedir. Arastirmaya tigiincii sinif 6grencilerinin dahil edilmesinin
nedeni teorik ve uygulamali fizik, kimya ve biyoloji derslerini almis olmalar1 ve
enerji ile ilgili konular1 {iniversite 6grenim siirecinde de gérmiis olmalaridir. Sinifin
dezavantajli yonleri ise smif i¢i olumsuz iletisim ortami ve gruplagmalardir.
Ogrenciler toplam elli bes kisilik sinif i¢inden modiil uygulamas1 éncesi kullanilan
veri toplama araglarina verdikleri cevaplardan sistemsel diisiinme becerilerindeki
varyasyonlara gore ayrilmis ve arastirmaci tarafindan yirmi kisi belirlenmistir. Bu

yirmi kisiye arastirma agiklanmis ve arastirmaya katilma istekleri sorulmustur.

156



Iclerinden on kisi katilmay1 kabul etmistir. Bu on kisiden biri arastirma basladiktan

sonra ¢ekilmistir. Toplam dokuz kisi veri toplama siirecine dahil olmustur.

Arastirmada veri toplama siireci sistemsel diisinme becerileri modiiliiniin
uygulanmas1 baslamadan once yazili ve sozlii veri toplama araglariyla baslamus,
modiil uygulamasi siiresince ve modiil uygulamasi sonunda devam etmistir. Yazil
veri toplama araglari, gercek yasam senaryosu, arastirmacit notlari, sinif i¢i dgrenci
notlart ve c¢izimlerden; sozlii veri toplama araglari, modiil uygulama oncesi ve

sonrast goriigmelerden, siif i¢i video ve ses kayitlarindan olugsmaktadir.

Arastirmada sistemsel diislinme becerilerinin anlagilabilir hale gelmesi ve
gelistirilmesini hedefleyen modiil enerji 6gretimi ve sistemsel diisiinme becerilerine
iligkin alan yazin temel alinarak ve uzman goriislerine basvurularak hazirlanmistir.
Modiilde temel olarak enerji kaynaklari, kullanimi ve bu siireglerin ¢evre baglantilari
dikkate alinarak konu temeli olusturulmustur. Enerji Uretimi-tiiketimi, madde
dongiileri, karbona dayali enerji liretimi ve jeotermal enerji modiiliin konu kapsamina
alinmistir. Konu kapsami se¢iminin yani sira etkinlikler bir dizi 6gretim teknigiyle
harmanlanmistir. Bu teknikler diiz anlatim, video izleme, soru-cevap, deney, veri
analizi, ¢izim yapma, kaynak taramasi, grup i¢i tartisma ve arastirmay1 icermektedir.
Ogretmen merkezli yaklasimlar asgari diizeyde tutulmus, genel olarak &grenci

merkezli yaklasimlar kullanilmistir.

Modiiliin uygulamas1 2017-2018 yili giiz déneminde Fen Ogretimi Laboratuvar
Uygulamalari I dersinde yapilmistir. Elli bes kisilik sinifin tamam1 modiil uygulama
sirecine katilmistir. Arastirmaya katilan dokuz Ogrenciden modiill uygulama
esnasinda detayli veri toplanmistir. Uygulama bir ayda yaklasik 26 ders saati siirede

tamamlanmuistir.

Arastirma sirasinda toplanan verinin sistemsel diisiinme becerileri ile ilgili boliimii,
Arnold ve Wade (2017) tarafindan Onerilen sistemsel diisiinme becerileri modeli
dikkate alnarak icerik analizine tabii tutulmustur. Ger¢ek yasam senaryosu ve

gorismeler Ogretmen adaylarmmin modiil uygulamasi 06ncesinde ve bitiminde
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sistemsel diisiinme becerilerinin belirlenmesinde kullanilmistir ve arastirmact
tarafindan Arnold ve Wade (2017) modeline bagli kalinarak uyarlanan rubrikle
degerlendirme yapilmistir. Uygulama siiresinde acgiga ¢ikarilmaya calisilan beceriler
yine temel cerceveye ve beceri tanimlarina bagli kalinarak betimsel olarak
incelenmis ve yorumlanmgtir. Ogretmen adaylarmin genel sistem anlayislari, modiil
uygulamasi oncesi ve sonrasi yapilan goriismelerle belirlenmistir. Bu goriismeler de
icerik analizine tabii tutulmustur ve kategorik diizeyde analiz edilmistir. Alan yazin
katkisiyla belirlenen kategoriler kapsaminda sonuglar yorumlanmistir. Arastirmanin
giivenirligini ve gegerligini saglamak i¢in arastirma siirecinde yeterli veri toplanmasi,
arastirmacinin arastirma siirecindeki rolii, farkli veri toplama ara¢larinin kullanilmasi
yoluyla veri g¢esitlemesi, bagska bir arastirmacinin yapilan analizleri ve yorumlari
gbzden gecirmesi ve Ogretmen adaylarmin ifadelerine ve c¢izimlerine Ornekler
sunulmast konularina 6zen gosterilmistir. Ayrica analizlerde kodlayicilar arasi
tutarlik kategorik diizeyde hesaplanmistir. Arastirma siirecince ayni diizeydeki tiim
sinifin modiil uygulamasinin potansiyel avantajindan yararlanabilmesi i¢in tiim sinif
uygulamaya katilmistir. Ogrenciler goniillii katihm formunu okumus, imzalamis ve
istediklerinde aragtirmadan c¢ekilme haklari oldugunu 6grenmislerdir. Uygulama
siiresince yapilan etkinlikler ders degerlendirmesi amaciyla kullanilmamistir.
Arastirma i¢in etik kurul izni ve modiil uygulamasinin yapilacagi iiniversiteden

fakiilte izni alinmistir.
3. BULGULAR
3.1. Modiil I¢erigi

Fen bilimleri 6gretmen adaylarinin sistemsel diisiinme becerilerinin belirlenmesini ve
nasil gelistirileceginin anlagilmasin1 amaglayan modiil enerji 6gretimi ve sistemsel
diisinme becerileri ile ilgili alan yazimmindan ve enerjiye yonelik tasarlanmig
programlardan fikir edinilerek olusturulmustur. Modiil biri okul dis1 6grenme
etkinligi olmak {izere toplam yedi etkinlikten olusmaktadir. ilk etkinlik “Enerji
nedir?” etkinligi olup, soru-cevap, grup tartigmasi, video gosterimi ve bireysel
calismadan olusmaktadir. Bu etkinlik fen bilimleri 6gretmen adalarinin enerji
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kavrami hakkindaki on bilgilerini agiga ¢ikarmayi hedeflemektedir. 2. Etkinlik
“Enerji Uretimi-Tiiketimi adli etkinlik olup, bilgisayar ortaminda kii¢iik grup
calismasi seklinde tasarlanmistir. Bu etkinlik Diinya Veri Bankasi’ndan indirilen 20
kadar iilkeye iligkin toplam enerji liretimi, tiiketimi, fosil yakit temelli enerji tiretimi-
tilkketimi, elektrik tretimi-tiiketimi, iilkelerin yenilenebilir enerji kullanimi, niifus,
gayri safi milli hasila gibi verileri igermektedir. Ogretmen adaylarmin, bu verileri
gbzden gegirip analiz ederek, enerji liretimi ve tiikketimi arasindaki iligkileri ekonomi,
cevre ve teknoloji acisindan biitlinciil olarak ele almasi beklenmektedir. Bu amagla
hazirlanan sorulara grup arkadaslariyla tartisarak cevap bulmalari ve bu cevaplar
kaydetmeleri beklenmektedir. 3. Etkinlik “Biyojeokimyasal Dongiiler” adli
etkinliktir. Bu etkinlik 4. etkinlikle yakindan iligkilidir. 3. Etkinlik 6gretmen
adaylarinin enerji ile ilgili siirecleri ¢cevre boyutunda ele almalar1 ve doganin insan
faaliyetlerine nasil cevap verebilecegini fark etmeleri i¢in zemin hazirlamaktadir.
Ayni zamanda Ogretmen adaylarmin sistem anlayislarini  da  gelistirmeyi
amaglamaktadir. Bu hedefle iki temel dongii olan karbon ve su dongiileri ele
alimmistir. Etkinlik diiz anlatim, soru-cevap, video gosterimi ve ¢izim yapma
calismalarini icermektedir. 4. Etkinlik “Karbona Dayali enerji Uretimi ve Etkileri”
adl etkinliktir. Ogretmen adaylarindan onlara verilen bir metin iizerinden arastirma-
sorgulamaya dayali bir etkinli§i gergeklestirmeleri beklenmektedir. Bu metin
karbona dayali enerji {dretimi faaliyetleriyle birlikte atmosferde bulunan
karbondioksit gazinin artmasinin ne gibi etkileri olabilecegine yonelik bir arastirma
problemi ¢ercevesinde olusturulmustur. 5. Etkinlik okul dig1 6grenme etkinligi olup,
jeotermal enerji santraline yapilan bir geziyi icermektedir. Santral gezisi bulunulan
yoreye Ozgili yerel bir durumla iligkili olup farkli bdlgeler icin uyarlanabilir. Bu
gezide amag¢ Ggretmen adaylariin insanlarin enerji ile ilgili faaliyetlerinin sosyal,
ekonomik, cevresel, teknolojik ve saglikla ilgili boyutlarmi fark etmelerini ve
duruma yonelik kavrayiglarini ve sistemsel diisiinme becerileri ile sistem
anlayiglarini gelistirmeleridir. 6. Etkinlik benzer sekilde insanlarin hem enerji liretim
faaliyetlerinin hem diger iiretim faaliyetlerinin ¢evresel boyutunu daha i1yi anlamak

ve sistemsel diisiinme becerilerini gelistirmek igin tasarlanmistir. Nehirden, artezyen
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sularindan, sehir sebekesinden ve damacana sularindan alinan su 6rneklerinin test
edilmesi, fiziksel ve kimyasal degerlerinin belirlenmesi ve karsilastirilmasini
icermektedir. Bu etkinlikle su kaynaklar1 kullanilarak insanlarin ¢evrede olusturdugu
etkilerin neler oldugunun ve bu etkilerinin mekanizmalarinin arastirilmast ve
anlasilmast amaclanmaktadir. 7. Etkinlik son etkinlik olup &gretmen adaylarinin
sistem anlayislarmin  gelistirilmesini  hedefleyen “Enerji Uretim Sistemleri”
etkinligidir. Bu etkinlik 6gretmen adaylarinin kii¢iik gruplarda calisarak kendilerinin
belirledigi bir enerji iiretim sistemini arastirmasi ve tanitict bir sunum hazirlamasini
icermektedir. Bu enerji liretim siireci bir elektrik santrali olabilecegi gibi, bir aracin
caligmasini saglayan kaynagindan baglayan enerji doniisiim siirecleri de olabilir. Bu
etkinlik siirenin ve imkanlarin uygunluguna gore enerji {iretim sisteminin bir
modelinin olusturulmast seklinde genisletilebilir. Bu arastirmada etkinlik, ener;ji

tiretim sistemi ile ilgili aragtirma ve tanitim sunumu ile sinirl tutulmustur.
3.2. Fen Bilimleri Ogretmen Adaylariin Sistemsel Diisiinme Becerileri

Fen bilimleri 6gretmen adaylarinin sistemsel diisiinme becerileri modiil uygulamasi
oncesinde ve bitiminde ger¢ek yasam senaryosu ve goriismeler ile belirlenmistir.
Uyguma siiresince sistemsel diisiinme becerilerinin degisimi, ses ve video kayitlar
ile oOgretmen adaylarinin  ve arastirmacinin  notlarindan olusan verilerle

degerlendirilmistir.

Sistemsel diisiinme becerileri Arnold ve Wade (2017) tarafindan One siiriilen
Sistemsel Diistinme Becerileri Alanlar1 Modeli ile arastirilmistir. Bu ¢alismada elde
edilen veriler kapsaminda 0zgiin modelde bulunan doért alandan tespit edilen
beceriler degerlendirilmistir. Arastirma siirecinde belirlenen beceriler; Diisiince
Yapist alaninda; farkli bakis acilarinin kesfedilmesi, olaylarin uygun bi¢imde ele
alimmasi, Igerik Alaninda; sinirlarin belirlenmesi, bilesenlerin belirlenmesi ve ayirt
edilmesi, Yap1 Alaninda; iliskilerin belirlenmesi ve agiklanmasi, geri besleme
mekanizmalarinin belirlenmesi ve agiklanmasi, Davranis Alaninda; sistem davranisin
aciklanmasit ve gelecekteki sistem davraniginin tahmin edilmesi becerilerini
icermektedir. Bu becerilerin diizeyleri diisiik, orta ve iist diizey olgunluk olarak {i¢
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dereceli smiflandirilmis ve 06zglin model c¢ercevesinde rubrik olusturularak

degerlendirilmistir.

Farkli Bakis Acilarinin Kesfedilmesi becerisinde diisiik seviye; olay1 tek boyutla ele
alma, siirekli ayn1 boyuta vurgu yapma ile ifade edilirken, orta seviye farklh
boyutlarin varligr anlamak ve olaya birden ¢ok yonden bakmaya ¢alismak ile ifade
edilmistir. Yiiksek seviyede olgunluk ise olayin bir¢ok boyutunu etkin sekilde kisinin
kendi gorisleri ile c¢elisse bile vurgulamak ve goz ardi etmemek olarak
tanimlanmistir. Bu tanimlamalara gore modiil uygulamasinda Once oOgretmen
adaylarindan yedi tanesi farkli bakis acilarinin kesfedebilme yoniinden diisiik
diizeydeyken, bir aday orta seviyededir. Bir aday da yiiksek seviyededir. Modiiliin
uygulanmasindan sonra becerisi diisiik seviyede olan adaylardan bes tanesi orta
seviyeye ulagmis, orta seviyedeki bir aday ise yiiksek seviyeye ulagsmistir. Adaylarin
farkli bakis acilarin1 kesfetme becerileri modiill uygulamasindan sonra gelisim

gostermistir.

Olaylarin Uygun Bi¢imde Ele Alinmas1 becerisinde diisiik seviye olaylara hemen
tepki gosterme ile ifade edilirken, orta seviye olayin karmasik dogasinin anlagilmasi
icin zamana ihtiya¢ duymakla birlikte bazen direkt sonuglara odaklanma olarak
belirlenmistir. Yiiksek seviye is konuyu anlamak i¢in gerekli zamani verme ve
konuyu anlamadan sonuglara atlamamak olarak ifade edilmistir. Bu tanimlamalara
gore modil uygulamasinda once 6gretmen adaylarindan bes tanesi olaylar1 uygun
bicimde ele alabilme yonilinden diisiik diizeydeyken, lic aday orta seviyededir,
yiikksek seviyede bir aday bulunmaktadir. Uygulama sonrasinda diisiik seviyede
beceri gosteren adaylardan dordii orta seviyeye ulagmis, orta diizeydeki adaylardan
iki tanest ise yliksek seviyeye ulagsmistir. Bir diisiik, bir orta ve bir iist diizey beceriye
sahip aday ise degisim gdstermemistir. Modiil uygulamasindan sonra genel olarak
O0gretmen adaylarmin olaylarin uygun sekilde ele alinmasi becerisi gelisim

gostermistir.

Sinirlarin Belirlenmesi Becerisi diisiik seviyede dgretmen adayinin olayimn sinirlar
icine giren bilesenleri belirleyememesi, orta seviyede olayla ilgili bilesenlerin
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bircogunu saptayabilmesi ve yiiksek seviyede sistem degisse bile olaylarin sinirlarini
dogrulukla saptayabilmesi olarak tanimlanmistir. Modiil uygulamasindan 6nce
O0gretmen adaylarindan yedisi bu beceri yoniinden disiik, iki tanesi de orta
seviyededir. Yiiksek seviyede aday bulunmamaktadir. Modiil uygulamasi sonrasinda
diisiik diizeyde olan adaylardan iicli orta seviyeye yiikselmistir. Diger 0gretmen

adaylarinin becerisinde degisim olmamustir.

Bilesenlerin Ayirt Edilmesi becerisi; diislik seviyede bilesenleri ayirt edememe, orta
seviyede olaylari, degisken olmayan bilesenlerden ayirt etmeye baslama ve yiiksek
diizeyde bilesenlerin ¢ogunu belirleme ve duragan bilesenleri ve olaylar1 yiiksek
dogrulukla ayirt edebilme olarak tanimlanmigtir. Modiil uygulamasi Oncesinde
O0gretmen adaylarindan ii¢ tanesi bu beceri yoniinden diisiik diizeydeyken, dort kisi
orta ve iki kisi de yiliksek diizeydedir. Uygulama sonrasinda diisiik seviyedeki
adaylardan 1ikisi orta seviyeye ilerlemis, diger Ogretmen adaylar1 degisim

gostermemistir.

Iliskilerin Belirlenmesi ve Agiklanmasi becerisi diisiik seviyede, iliskileri dogru
saptayamama, orta seviyede iliskileri fark etme ancak yiizeysel agiklamalar
gelistirme ve yiliksek diizeyde iligkilerin goriiniir olmayanlar1 da dahil olmak {izere
birgogunu fark etme ve bu iliskilerin nasil olduguna dair detayli agiklamalar
yapabilme olarak ifade edilmistir. Modiill uygulamasi Oncesinde Ogretmen
adaylarinin dordii beceri yoniinden diisiik seviyede, dordii orta seviyede olup, bir
adayin seviyesi belirlenememistir. Uygulama sonunda beceri yoniinden diisiik
seviyede olan iki aday orta seviyeye yiikselmistir. Diger Ogretmen adaylarinda

degisim goriilmemistir.

Geri Besleme Mekanizmalarinin Belirlenmesi ve Aciklanmasi becerisi biitiin
olaydaki dongiisel iligkilerin fark edilmesi ile tanimlanmaktadir. Modiil uygulamasi
oncesinde ve sonrasinda Ogretmen adaylarinin konuya iliskin agiklamalarinda
dongiisel iligkileri fark ettiklerine yonelik bulguya rastlanmamigtir. Olaylar1 dogrusal
neden sonug ilisikleri seklinde acikladiklar1 goriilmiistiir. Ogretmen adaylar1 bu
beceri yoniinden diislik seviyede kalmistir.
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Sistem Davranisinin Acgiklanmasi ve Gelecekteki Sistem Davranisinin Tahmin
Edilmesi becerisi, diisiik seviyede sistem davranisi agiklanirken sadece tek bir zaman
boyutunun dikkate alinmasi ve gelecek tahminlerinde kanit sunulmamasi olarak
tanimlanir. Orta diizeyde beceri iki zaman boyutunun dikkate alinmasi ve tahmin
yaparken kanit kullanilmasi olarak tanimlanir. Yiiksek diizeyde beceri ise sistem
davraniginin tanimlanirken gegmis zaman, simdiki zaman ve gelecek zamanin her
biri géz 6niinde bulunarak, kanitlara dayali tahminlerde bulunmak olarak tanimlanir.
Modiil uygulamasi dncesinde 6gretmen adaylarinin ii¢li bu beceri yoniinden diisiik
seviyede, diger alti aday ise orta seviyede bulunmustur. Uygulama sonrasinda
adaylardan diisiikk seviyede olan adaylardan biri orta seviyeye ylikselmis, diger

adaylarin beceri diizeyinde degisiklik olmamuistir.

Ozet olarak fen bilimleri 6gretmen adaylarmin modiil uygulamas: dncesi ve sonrasi
sistemsel diisiinme becerileri gercek yasam senaryosu dikkate alinarak
karsilastirildiginda, 6gretmen adaylarinin sistemsel diislinmenin diislince yapisi
alanindaki becerilerde gelisme gosterdigi, icerik, yapi1 ve davranis alanlarinda

gelisimin sinirh kaldigi gortilmektedir.

Ogretmen adaylarinin sistemsel diisiinme becerilerini kullanma durumlar1 modiil
uygulama siirecinde etkinlikler sirasinda gozlemlenebilir hale gelmistir. Etkinlik 2,
Etkinlik 3, Etkinlik 4, Etkinlik 5 ve Etkinlik 7 Ogretmen adaylarinin sistemsel

diisiinme becerilerinin gézlemlenebildigi etkinlikler olmustur.

Etkinlik 2: Enerji Uretimi-Tiiketimi etkinligi sirasinda 6gretmen adaylarmimn
sistemsel bir yapiy1 olusturan bilesenleri belirleyebildikleri goriilmiistiir. Ancak bu
bilesenler arasindaki iligkilerin  agiklanmasi  konusunda gercek yasam
senaryosundakiyle benzer sekilde dogrusal neden-sonug iliskilerinden o&teye
gecmekte zorluklar yasadiklar1 goriilmiistiir. Ogretmen adaylarinin karsilastiklar1 bu
zorlugu kisith veriden hareket ederek cikarimlarda bulunma, genelin disinda kalan
veriyi tahminlerde ve agiklamalarda kullanma, Oriintiiniin tamamina ulasacaklari
yollar1 gdrememe gibi etmenler olusturmaktadir. Ogretmen adaylarn sistemdeki
bilesenlerin karsilikli etkilesimlerini de algilamakta giicliik cekmektedir.
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Etkinlik 3: Biyojeokimyasal Dongiiler 6gretmen adaylarinin karbon ve su
dongiilerini gozden gecirerek enerjiyle iligkili faaliyetlerin ¢evre baglantisini fark
etmelerini saglamakta katkida bulunmustur. Ogretmen adaylarinin etkinlik siiresince
sorulan sorulara verdikleri cevaplar ve c¢izimleri 6gretmen adaylarmin dogal bir
sistem s0z konusu oldugunda dongiisel iliskileri fark ettiklerini, bilesenleri
belirleyebildiklerini ve sistem davranisini agiklayabildikleri gostermistir. Etkinlik
esnasinda 6gretmen adaylar1 ayni zamanda insanlarin enerjiyle ilgili faaliyetlerinin
cevrede gomiilii oldugunu ve faaliyetlerin hangi mekanizmalarla etkilesime girdigini

belirleyebilmistir.

Etkinlik 4: Karbona Dayali Enerji Uretimi ve Etkileri tartisma ve deney kisimlariyla
sekillenmistir. Ogretmen adaylar tartisma kisminda goriislerini genisletirken nasil ve
neden sorularmin islevsel oldugu goriilmekle beraber 6gretmen adaylarinin kiiresel
1sinma, ozon tabakasinin delinmesi gibi ¢evresel sorunlarda yanlis ve siirli bilgiye
sahip oldugu goriilmiistiir. Ogretmen adaylar1 cogunlukla neden sonug iliskileri
tizerinden goriis aciklamistir. Arastirma problemi icin bir deney tasarlamislar ancak
deney siirecinde sikintilar yasamislardir. Deneyde olusturduklar1 sistemi etkileyen
bilesenleri géz Oniine alirken sinirlt boliime odaklanmiglar ve ortaya ¢ikan sonucu
yanlig ¢oziimlemistir. Bu durum 6gretmen adaylarinin deney esnasinda sistemi biitiin

olarak goremediklerini ve sinirlt bir alana odaklandiklarini gostermistir.

Etkinlik 5: Jeotermal Santral Gezisi 6gretmen adaylarinin olaylar farkl acilardan ele
alma ve olaylara uygun sekilde ele alma yoniinden ilerlemelerine katkida bulundugu
diisiiniilmektedir. Ogretmen adaylari, santral sistemiyle ilgili bilgilerini arttirmus,
mithendislerin yaptig1 aciklamalar ve santral civarindaki ¢evrenin ve etkinliklerin
gozlemlemesiyle olayin gevresel boyutuna ek olarak sosyal ve ekonomik boyutunu

da fark etmislerdir.

-----

ilgili bilgilerini ve sistem anlayiglarini arttirmistir. Bu siiregte fen bilimleri 6gretmen
adaylan sectikleri enerji iiretim sistemi konusuna odaklanmis, ¢izimler yapmis ve
yaptiklar1 ¢alismaya diger gruplara sunmustur. Bireysel aragtirma ve grup ¢alismasi

164



stirecleri olumlu etki olustururken, 6gretmen adaylarinin sistemi biitiin olarak ele
almak yerine yine parcalara odaklandiglr durumlar olusmustur. Siklikla ortaya ¢ikan
bu durumun 6gretmen adaylarinin gegmis 6grenme yasantilarinda analitik diigiinme

iliskili oldugu diigiiniilmektedir.
3.3. Fen Bilimleri Ogretmen Adaylarinin Sistem Anlayisindaki Degisimler

Ogretmen adaylarmin sistem anlayislari modiil uygulamasi &ncesi ve sonrasinda
goriigme sorulariyla degerlendirilmistir. Uygulama Oncesinde 6gretmen adaylarinin
cevaplari incelendiginde sistem denildiginde en ¢ok vurgulanan kelimelerin uyum,
diizen ve biitiin oldugu goériilmektedir. Ogretmen adaylar1 sistemleri tanimlamaya ve
tarif etmeye calismaktadir. Uygulamadan sonra 6gretmen adaylari en ¢ok etkilesim,
diizen ve bilesen sozciiklerini vurgulamaktadir. Ayn1 zamanda sistemlerin isleyisine,

yapisina ve sistem i¢indeki parcalarin iligkilerine vurgu yapmaktadirlar.

Ogretmen adaylarin1 uygulama &ncesinde sistemlerle ilgili degisen oranlarda bilgi
sahibidirler. Uygulamadan sonra bilgilerinin derinlik kazandigi anlasilmaktadir,
sistemlerin yapisina ve igleyisine daha fazla vurgu yapmalari buna kanit
olusturmaktadir. Ogretmen adaylarinin cevaplarindan olusan kategoriler bilesen,
yonetici, isleyis, iliskiler ve yap1 kategorileridir. Uygulama Oncesi ve sonrasi
karsilagtirildiginda isleyis ve iligkiler kategorilerinin uygulama sonrasi yliksek
oranlarda vurgulandigi goriilmektedir. Modiil uygulamas: siiresince sistemler agik
olarak vurgulanmamistir ancak uygulamada her etkinlikte sistemlerle ilgili konular
yer almistir. Uygulama sonrasindaki goriigmeler Ogretmen adaylarinin sistem
anlayisinin gelistigine isaret etmektedir. Bu durum modiildeki etkinliklerle iligkili

olabilir.
4. TARTISMA

Ogretmen adaylarinin sistemsel diisinme becerilerinin gelisimi, modiilde bulunan
etkinliklerin yapisi, Ogretmen adaylarinin uygulamaya yonelik motivasyonlart,
uygulama siiresi, Ogretmen adaylarinin enerji ve sistem konulariyla ilgili 6n
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bilgilerinden olusan karmasik bir sistem gibi diisiiniilebilir. Bu faktorler birbirleriyle
karsilikli etkilesim i¢indedir. Bu karsilikli etkilesimler arastirmanin bulgulari 1s18inda

degerlendirilmistir.

Aragtirmada Arnold ve Wade (2017) tarafindan Onerilen sistemsel diisiinme
becerileri alanlar1 yaklasimi verilerin degerlendirilmesinde analizlere yon vermistir.
Bu yaklasim sistemsel diisiinmeyi bir beceriler paketi olarak ele alan yaklagimlara
(Richmond, 2000; Behl ve Ferreira, 2014) ve sistemsel diisiinme becerilerini
hiyerarsik olarak ele alan yaklasimlara (Stave ve Hopper, 2007; Assaraf ve Orion,
2010) kiyasla daha biitiinciil, karmasik konulara uyarlanabilir ve daha yeni oldugu
g6z Oniinde bulundurulmustur. Arastirmada elde edilen bulgular da bu diisiincelere

kanit olusturur nitelikte olmustur.

Ogretmen adaylarmin sistemsel diisiinme becerilerinden diisiince yapis1 alanindaki
farkli bakis acgilarinin kesfedilmesi ve olaylarin uygun sekilde ele alinmasi becerileri
gelisim gostermistir. Bu becerilerdeki gelisim sistemsel diisiinme becerileri
modiiliinde yer alan etkinliklerle agiklanabilir. Ozellikle besinci etkinlik, jeotermal
santral gezisi bu konuda etkili olmus olabilir. Sistemsel diisiinme becerilerinin
gelistirilmesi konusunda c¢alisan arastirmacilar okul disi 6grenme ortamlarinin
ilkokul diizeyinden {iniversite diizeyine genis bir yas aralifindaki o6grencilerin
becerilerinin gelistirilmesine katkida bulundugunu ortaya koymustur (Assaraf ve
Orion, 2010; Long, 2015; Karaarslan, 2016). Bu arastirmada jeotermal santral
gezisinde Ogretmen adaylar1 jeotermal santralde enerjinin nasil doniistiiriildiigiin,
ekonomik, teknolojik ve cevresel etkilerini uzman miihendislerle konusmus ve
santralin her kismin1 gezmisler ayn1 zamanda jeotermalin elektrik tiretimi disindaki
kullanim alanlarin1 da tanimistirlar. Bu baglamda farkli bakis agilarinin kesfedilmesi
ve olaylarin uygun sekilde ele alinmasi becerileri acisindan gelisim gosterdikleri

diistiniilmektedir.

Ogretmen adaylari igerik, yap1 ve davranis alanindaki beceriler yoniinden karmagik
orlintiilerle beraber smirli gelisim gostermislerdir. Yapr alaninda, geri besleme
mekanizmalarinin belirlenmesi ve agiklanmasi becerisi tim 6gretmen adaylar1 igin
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hem uygulama Oncesinde hem uygulamadan sonra diisiik diizeyde kalmigtir. Geri
besleme mekanizmalarinin belirlenmesi ve agiklanmasi sistemlerin dinamik yapisinin
anlasilmasi agisindan 6nemli bir beceri olup, bu becerinin kazanilmasindaki zorluklar
¢ogu arastirmaci tarafindan vurgulanmistir (Sweeney ve Steman, 2000; Sterman ve
Sweeney, 2002; Assaraf ve Orion, 2005b, Evagorou, 2009). Ornegin, Lee (2005) su
dongiisii konusunda 6gretmenlerin bile ¢oklu iligkilerin anlagilmasi konusunda sikinti
yasadigini belirtmistir. Benzer sekilde Dunbar (2008) kisilerin genelde olaylar
aciklarken karmasik ve c¢ok yonlii iligkileri bulmak yerine basit ve tek tonli

aciklamalar tercih ettigini ifade etmistir.

Bu arastirmada 6gretmen adaylariin kendilerini ifade etme ve iletisim konularinda
sikintt cektigi gdzlemlenmistir. Oncelikle, diisiincelerini ifade etme konusunda
sembol kullanma ve ¢izimleri yapma konularinda yasadiklar1 giicliikler acik¢a
goriilmistiir. Bu giicliiklere ragmen ozellikle Tgiincii etkinlik biojeokimyasal
dongiiler 6gretmen adaylarina gelisim firsati tanimistir. Ogretmen adaylarinin
sistemsel diisiinme becerilerinin yap1 alanindaki gelisimi uygulamadan 6nce ve sonra
toplanan verilerde gozlemlenemezken, bu etkinlikte becerilerini nasil kullandiklari
goriilmiistiir. Cizimler 6grenmeye iliskin alanyazinda da giiclii bilissel araglar olarak

yer etmistir (Tversky, 1999; Brooks, 2003).

Bu tezde gelistirilen modiildeki etkinlikler tasarlanirken alana iliskin etkinlikler
olmasi, arastirma ve sorgulama siirecinin 6grenci tarafindan benimsenmesi, diisiinme
becerilerinin uygulayici tarafindan yonetilmesi ve giidiileyici bir 6grenme ortaminin
olusturulmas1 gibi tasarim ilkeleri dikkate alinmistir (Barab ve Duffy, 2008). Bu
baglamda etkinlikler 6gretmen adaylarinin siirecte en etkin bilesen olarak yer alacag
sekilde tasarlanmistir. Ancak uygulama sirasinda 6gretmen adaylarinin etkinlikleri
ogrenci merkezli bir sistemden 6gretmen merkezli bir sisteme dogru yonlendirmeye
calistig1 ve diiz anlatima dayali bir uygula beklentisi i¢inde oldugu goriilmiistiir. Bu
duruma silirecte Ogrencilerin tartisma, agik uclu sorulama ve deney yapma
becerilerindeki eksiklikler eklenince motivasyon yoniinden diisiisler gdzlemlenmistir.

Sorgulamaya dayali  6grenme  ortamlarinda  &grencilerin  motivasyonun
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saglanmasindaki zorluklar diger arastirmacilar tarafindan da belirtilmistir (Adler vd.,
2018). Ayrica 6grencilerin sorgulama becerileri sorgula siirecinde motivasyonlarinin
stirmesi yoniindeki en 6nemli etkenlerden biri olarak belirlenmistir (Edelson, Gordon
ve Pea, 1999; Veermans ve Jarveld, 2004). Bu ¢alismada da 6gretmen adaylarinin
uygulama siirecindeki motivasyonlariin siirdiiriilmesi konusunda giicliikler oldugu

gOrilmiistiir.

Ogretmen adaylarinin sistemsel diisiinme becerilerinin gelisimiyle ilgili bir deger
etmen ise uygulama baglamindaki konulara iliskin bilgi diizeylerinin diisiik
olmasidir. Bu giicliik 6gretmen adaylarina etkinlikler icinde konularla ilgili kaynak
sunularak ¢izim yapmalar1t ve soru cevaplamalar1 saglanarak, bazi temel konularla
ilgili videolar izletilerek ve agiklamalar yapilarak giderilmeye calisilmistir. Ancak,
bu eksikliklerin ve var olan yanlig bilgilerin &grencilerin tartisma siireglerini ve
sistemsel diisiinme becerilerinin gelisimini etkiledigi goriilmiistiir. Assaraf ve Orion
(2005) ve Lyons (2014)’da ¢alismalarinda 6grencilerin kavramsal anlama ve bilgi
diizeylerinin sistemsel diisiinme becerilerini etkiledigi yoniinde benzer bulgulara

ulagmustir.

Ozetle, ogretmen adaylarmimn sistemsel diisiinme becerilerinin diisiince yapisi
alanindaki gelisimin Arnold ve Wade (2017) tarafindan da belirtildigi gibi daha
kapsayict ve genel oldugu ve Ogretmen adaylarinin bu alanda Once gelisim
gostermeye baslayabilecegi goriilmiistiir. Icerik, yapi ve davrams alanindaki
becerilerin gelisiminin ise igerigin kendisi (olaylarin karmasik yapisi) ve ele alinig
bicimiyle yakindan iligkili oldugu, 6grenci merkezli 6grenme ortaminda motivasyon,
uygulama siiresi ve Ogrencinin konu alani bilgisiyle yakindan iligkili oldugu

gorilmiistiir.
5. ONERILER

Bu tezde sistemsel diislinme becerilerinin gelistirilmesine yonelik bir modiil
olusturulmus ve 6gretmen adaylarinin sistemsel diisiinme becerileri bu modiil

kullanilarak enerji baglaminda arastirilmistir. Sonuglar 6gretmen adaylarinin
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karmagik ve ¢ok yonlii konularda sistemsel diisiinme becerilerinin gelistirilmesinin
zaman aldigin1 ve konu alanma iligkin bilgi ve becerilerle iliskili oldugunu
gostermistir. Bu sonuglar dogrultusunda aragtirmacilara ve egitimcilere su onerilerde

bulunulmaktadir:

Arnold ve Wade (2017) sistemsel diisiinme becerileri modeli arastirma sonuglarina
gore Ogretmen adaylarinin enerji baglaminda sistemsel diisiinme becerilerinin
belirlenmesinde kullanilabilir goériinmektedir. Bu modelin farkli baglamlarda ve

farkli seviyelerde test edilmesi onerilmektedir.

Sistemlerin karmagik, dogal ye da mekanik olmas1 6grencilerin becerilerinin ortaya
cikarilmasinda farkli sonuglar iiretiyor oldugu goriilmiistiir. Sistemsel diislinme

becerileri karmasik sistemler baglaminda daha ¢ok arastirilmalidir.

Ogretmen adaylarinin sistemsel diisiinme becerileri diisiik seviyededir. Bunun sebebi
onceki Ogrenme yasantilarinda analitik yontemlerle ilerlemis olmalar1 olabilir.
Ogrenme yasantilarinin sistemsel diisinme becerilerine 6nem veren bir sekilde
diizenlenmesi ic¢in Ogretim programlarinda sistemsel diisiinme becerileri yer

almalidir.

Ogretmen adaylarinin  sistemsel diisiinme becerilerinin  gelisiminde iletisim
becerilerinin, dinleme becerilerinin, sembol kullanma becerilerinin, bireysel
motivasyonlarinin ve degerlerinin rol oynadigir goriilmiistiir. Bu konular i¢in daha

detayli ¢alismalara ihtiya¢ duyulmaktadir.

Tezde gelistirilen enerji modiilii fen bilimleri 6gretmen adaylarinda uygulanmistir.
Modiil ders igeriklerinden bagimsiz sekilde gelistirildigi i¢in farkli seviyede
ogrencilerde ve gruplarda uygulanabilir. Modiiliin farkli gruplarda uygulanmasi
sirasinda yoreye Ozgii bilesenleri uygulandigi bolgeye uyarlanabilir, dgrencilerin
ihtiya¢c duyacagi siire dogrultusunda uygulama siiresi arttirilabilir. Modiildeki

etkinliklere uygulamayi arttiracak sekilde eklemeler yapilabilir.
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